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Chronicle  and  Comment 


Reduced  Railroad  Fares 

A  LARGE  percentage  of  the  members  of  the  Society 
are  entitled  to  purchase  transportation  to  the 
Annual  and  Chicago  Meetings  at  a  material  re- 
duction in  cost.  The  saving  in  many  cases  will  be  suffi- 
cient to  pay  a  member's  dues  for  1  year.  Be  sure  to  read 
the  announcement  on  p.  131. 

Gear  Noise 

.rpi WO  of  the  papers  read  at  the  Production  Meeting 
contributed  the  experience  of  production  engi- 
JL  neers  who  have  made  careful  investigations  into 
the  causes  of  gear  noise.  The  paper  by  the  Packard  engi- 
neers, H.  J.  Crain  and  J.  Brodie,  advanced  the  theory  that 
the  anti-friction  bearings  supporting  the  gear  shafts 
were  fitted  without  sufficient  clearance  for  an  oil  film, 
and  that  an  increase  of  the  clearance  resulted  in  an 
appreciable  reduction  in  the  noise  produced  by  the  gears 
when  in  motion.  In  the  discussion  printed  on  p.  23, 
another  authority  corroborates  the  Packard  experience 
with  increased  bearing-play,  but  advances  a  new  explana- 
tion for  the  noise  reduction  that  appears  to  be  a  logical 
one.  Other  valuable  opinions  are  presented  in  the  dis- 
cussion of  K.  L.  Herrmann's  paper  on  p.  26. 

Transportation 

WHERE  $1  is  spent  to  haul  a  ton  of  freight  by 
road  wagon  from  New  York  City  to  Newark, 
N.  J.,  a  distance  of  9  miles,  that  dollar  will  haul 
the  same  freight  as  far  as  Plainfield,  N.  J.,  or  24  miles 
over  good  roads,  by  motor  truck.  It  will  haul  the  same 
freight  as  far  as  Baltimore  by  steam  railroad.  It  will 
haul  this  freight  from  New  York  City  to  the  City  of 
Washington,  and  back  through  canals  and  inland  water- 
ways.    It  will  haul  it  across  the  Atlantic  Ocean  by  ship. 

Every  time  a  producer  in  the  West  ships  2  carloads  of 
grain  to  Liverpool  more  than  1  carload  is  absorbed  in 
transportation  charges. 

Copper  and  zinc  are  now  being  shipped  from  Montana 
800  miles  by  rail  to  the  Pacific,  thence  through  the  Pan- 
ama Canal  and  over  7000  miles  by  sea  to  Perth  Amboy, 
N.  J.,  at  a  cost  which  has  been  estimated  at  $5  per  ton 
less  than  by  an  all-rail  haul  east,  covering  a  distance  of 
only  2500  miles. 

At  Detroit  there  is  annually  a  rail  movement  ot 
25,000,000  tons.     About  6,000,000  tons  goes  to  seaboard 


points.    Approximately  80,000,000  tons  of  freight  passes 
through  the  Detroit  River  annully. — W.  L.  Saunders. 

The  Group-Bonus  Plan 

KARL  WENNERLUND'S  paper  on  the  Group- 
Bonus  Wage  Incentive  Plan  was  received  with 
great  interest  by  the  men  who  attended  the  Pro- 
duction Meeting  in  Detroit.  A  number  of  questions  were 
asked  of  Mr.  Wennerlund  at  the  meeting  and  answered 
by  him  in  the  discussion  of  the  paper.  These  questions 
and  answers,  published  in  this  issue  of  The  Journal,  are 
a  valuable  supplement  to  the  paper  itself.  The  effect  of 
the  group-bonus  plan  upon  inspection  methods  is  treated ; 
the  division  of  earnings  among  the  workers  in  the  group 
is  explained ;  recommendations  of  the  proper  size  of  a 
group  are  made.  Mr.  Wennerlund  tells  what  is  done 
when  a  worker  is  discharged  and  how  a  new  and  un- 
trained worker  is  added  to  the  group.  Endorsements  of 
factory  executives  who  have  successfully  applied  the 
group-bonus  plan  are  included  in  this  discussion  which 
will  be  found  on  p.  28. 

Aeronautical  Safety  Code 

IT  is  expected  that  at  an  early  date  regulatory  legis- 
lation on  the  use  of  aircraft  will  be  passed.  Detailed 
regulations  should  not  be  included  in  statutes.  This 
is  one  of  the  policies  in  accordance  with  which  the  So- 
ciety and  the  Bureau  of  Standards,  which  are  sponsors 
for  the  Sectional  Committee  on  Aeronautical  Safety  Code, 
are  proceeding.  The  customs  and  practices  in  aeronau- 
tics will  require  modification  and  change  from  time  to 
time  to  keep  pace  with  rapid  progress  of  the  industry. 
If  no  appropriate  engineering  standards  exist  at  the  time 
Governmental  agencies  are  authorized  to  promulgate  legal 
regulations,  the  latter  will  have  to  prepare  something  of 
the  kind  themselves.  The  Sectional  Committee  is  endeav- 
oring to  have  ready  for  use  a  safety  code  prior  to  the 
initiation  of  legal  regulations,  so  that  these  can  be  based 
on  the  results  of  cooperative  technical  deliberation. 
Parts  of  the  safety  code  have  been  outlined  in  a  pre- 
liminary way.  In  this  work  over  200  persons  other  than 
members  of  the  Committee  have  been  consulted.  It  is 
the  view  of  Chairman  Crane  that  the  Committee  should 
consider  carefully  every  matter  of  engineering  impor- 
tance in  aviation,  from  the  design  and  fabrication  of  the 
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aircraft  to  its  piloting,  and  endeavor  to  formulate  a  sound 
recommendation  with  regard  to  it. 

Cooperative  Fuel-Tests 

THE  cooperative  motor-fuel  investigations  of  the 
American  Petroleum  Institute,  the  National  Auto- 
mobile Chamber  of  Commerce  and  the  Society  of 
0  Automotive  Engineers,  which  have  already  borne  results 
of  great  value,  were  made  possible  by  the  long,  arduous 
and  persistent  study  and  advocacy  of  a  few  engineers  and 
scientists  who  saw  clearly  what  should  be  attempted  and 
very  generously  devoted  much  of  their  knowledge  and 
time  for  the  common  good.  They  made  and  revised  again 
and  again  written  statements  of  the  salient  points  to  be 
considered,  and  specified  how  these  points  should  be 
studied,  and  how  and  at  what  cost  'the  work  to  this  end 
could  be  carried  on.  After  many  months  of  work  the 
actual  tests  were  started,  splendid  cooperation  being 
given  by  the  Bureau  of  Standards,  and  by  many  oil- 
refining  and  motor-vehicle  producing  companies.  The 
Bureau  of  Standards  had  staunchly  supported  and  aided 
the  plan  from  the  start,  proceeding  step  by  step  with  the 
Research  Departments  of  the  American  Petroleum  Insti- 
tute and  the  Society  of  Automotive  Engineers.  The 
Bureau  of  Mines  also  has  rendered  valuable  assistance. 

Automotive  Engineering  Progress 

THE  publication  of  eight  Annual  Meeting  papers  in 
this  issue  of  The  Journal  reflects  active  study 
being  given  automotive  problems  by  those  en- 
gaged in  the  engineering  branch  of  our  industry.  They 
are  representative  of  the  manner  in  which  automotive 
problems  are  being  attacked  today.  It  seems  only  a  few 
years  ago  that  automotive  engineers  were  accused  of 
applying  cut-and-try  methods  in  most  of  their  work. 
Surely,  careful  reading  of  the  papers  of  Messrs.  Heron, 
Young,  Kegerreis,  Pulsifer  and  the  others  will  convince 
one  that  scientific  analysis  has  found  its  place  among 
automotive  men.  The  report  of  the  cooperative  research 
work  on  fuel-volatility  should  receive  the  fullest  con- 
sideration of  every  engineer  employing  internal-com- 
bustion engines  of  the  light-fuel  type.  The  conclusions 
set  forth  have  a  bearing  on  the  economics  of  our  own 
industry  and  that  of  the  petroleum  refiners.  Truly,  this 
issue  of  The  Journal  records  automotive  engineering 
progress  of  the  most  creditable  type  and  is  deserving  of 
more  than  average  study. 

Accidents  from  Another  Viewpoint 

THE  annual  toll  of  life  due  to  accidents  involving 
motor  vehicles  is  a  constant  source  of  anxiety  to 
the  industry  as  well  as  to  the  public  at  large.  The 
recent  census  returns  giving  the  figures  for  deaths  due 
to  motor-vehicle  accidents  during  the  year  1921  has  been 
the  subject  of  much  critical  comment  in  trade  journals 
and  in  the  daily  press.  A  perusal  of  these  rather  startling 
statistics  raises  the  question  as  to  their  significance. 
Accidents  are  obviously  dependent  upon  the  density  of 
traffic  as  well  as  on  density  of  population. 

The  figure  quoted  for  1921,  10.13  fatalities  per  100,000 
of  population  as  against  that  for  1917,  7.96  per  100,000 
of  population,  shows  an  increase  of  28  per  cent  in  the 
death  rate  per  100,000  population.  These  figures,  how- 
ever, take  account  of  the  increase  in  population,  but  not 
of  the  increase  in  traffic. 

It  is  necessary  to  look  elsewhere  for  figures  showing 
the  density  of  traffic.  In  1917  the  total  number  of  motor 
vehicles  registered  throughout  the  Country  was  4,992,- 
152,  or  practically  5,000,000.     In  1921,  the  number  was 


10,505,660,  an  increase  of  110  per  cent.  In  other  words, 
the  density  of  traffic  has  increased  more  than  three  times 
as  fast  as  the  number  of  fatalities,  or,  expressed  in  an- 
other way,  in  1917,  5,000,000  vehicles  were  responsible 
for  8,435  fatalities,  and  in  1921,  10,500,000  vehicles  were 
responsible  for  11,953  fatalities.  In  1917,  therefore, 
there  were  169  fatalities  per  100,000  vehicles  as  against 
114  fatalities  per  100,000  vehicles  in  1921.  In  other 
words,  the  fatalities  per  100,000  vehicles  have  decreased 
by  roughly  33  per  cent. 

Commercial  Airplane  Design  Fundamentals 

WHAT  characteristics  must  a  satisfactory  com- 
mercial airplane  have  to  assure  its  operators  an 
adequate  return  on  their  investment?  Until  this 
question  is  answered,  commercial  aviation  will  make 
little  progress  in  this  Country.  Most  engineers  agree 
that  the  Air-Mail  Service  presents  the  most  fertile  field 
for  the  airplane  at  this  time.  Transportation  of  pack- 
age freight  is  the  next  step  and  passenger  carrying  lies 
beyond.  This  seems  to  dictate  the  confining  of  design 
effort  to  mail  and  freight-carrying  craft  and  a  discussion 
of  their  basic  features.  Some  agreement  regarding  the 
principal  design  and  performance  characteristics  of  these 
machines  must  be  reached  among  aeronautical  engineers 
before  their  efforts  can  be  productive  of  a  practical  and 
economic  design.  Details  may  be  varied  to  suit  the 
whims  of  individuals  but  certainly  there  must  be  some 
fundamentals  on  which  all  should  agree.  The  Society 
has  arranged  an  aeronautical  session  during  the  Annual 
Meeting  for  the  specific  purpose  of  attempting  to  reach 
such  an  agreement.  Those  members  who  look  upon  the 
commercial  application  of  the  airplane  in  a  serious  light 
should  avail  themselves  of  this  opportunity  to  express 
their  opinions  and  foster,  thereby,  a  common-sense  attack 
upon  the  engineering  and  economic  problems  retarding 
commercial  aviation. 

Are  Section  Dues  Justified? 

SOME  members  of  the  Society  object  to  paying  dues 
to  local  Sections,  feeling  that  their  national  dues 
entitle  them  to  participate  in  Section  activities  and 
that  the  local  dues  are  not  justifiable  as  an  added  levy. 
A  few  minutes'  study  of  the  facts  in  the  case  should  con- 
vince one  that  this  attitude  is  incorrect.  There  are 
approximately  5300  members  in  the  Society;  only  3000 
of  these  reside  within  commuting  distance  of  the  centers 
where  there  are  organized  Sections.  The  other  members 
cannot  enjoy  Section  privileges  because  of  their  geo- 
graphical location. 

The  Society  expends  $2.95  per  member  on  the  Sections 
annually,  $6,500  of  the  total  Sections'  budget  for  this 
fiscal  year  being  in  the  form  of  direct  appropriations  to 
the  several  Section  treasuries.  This  expenditure  of  a 
portion  of  the  dues  of  members  who  do  not  reside  near 
enough  to  headquarters  of  Sections  to  join  them  is  justi- 
fied only  by  the  fact  that  the  Sections  produce  valuable 
papers  for  The  Journal  which  can  be  read  and  enjoyed 
by  such  members.  Further  expenditure  of  their  dues  for 
Sections'  operations  is,  it  is  believed,  not  justified;  the 
balance  of  the  expense  should  be  borne  by  members  of 
the  Sections  who  enjoy  all  the  advantages  of  membership 
in  them.  They  alone  can  attend  the  meetings,  dinners 
and  social  functions  and  this  service  is  worth  the  nominal 
sum  charged  by  the  Sections  as  dues.  It  seems  clear  that 
the  total  expense  of  the  Sections  cannot  be  levied  equi- 
tably upon  the  national  dues  of  all  members  regardless 
of  their  location.  The  proper  solution  appears  to  be  to 
expect  those  who  receive  Sections  service  to  pay  some- 
thing additional  for  it. 
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Society's  Research  Sheds  New  Light 

on  Fuel  Problem 


By  V.  H.  GoTTSCHALK1 


Annual  Meeting  Paper 


Illustrated  with  Charts 


'T'HE  author  describes  a  series  of  road  service-tests, 
*-  made  of  stock  cars  driven  by  their  usual  drivers 
when  using  fuel  of  specified  grades,  to  determine  the 
effect  of  any  changes  in  the  fuel  volatility  on  the  gaso- 
line mileage  for  the  respective  make  of  car  as  part  of 
a  general  research  program  undertaken  jointly  by  the 
automotive  and  the  petroleum  industries.  The  object 
was  to  determine  the  best  fuel  as  regards  volatility, 
from  the  general  economic  standpoint,  and  what  grade 
of  fuel  will  afford  the  maximum  car  mileage  per  barrel 
of  crude  oil  consumed  in  its  production. 

Factors  influencing  the  selection  of  cars  used  are 
enumerated  and  the  fuels  tested  are  discussed,  together 
with  general  comment  and  a  description  of  the  test 
procedure.  The  results  are  tabulated  and  commented 
upon  at  some  length,  inclusive  of  descriptions  of  the 
methods.  A  summary  of  the  results  is  presented  in 
the  form  of  conclusions  that  are  stated  in  four  specific 
divisions.  The  value  of  statistical  research  is  illus- 
trated by  the  results  obtained. 

SOME  months  ago,  a  number  of  automobile  produc- 
ing companies,  at  the  instance  of  the  Society's 
Research  Department,  undertook  a  series  of  road 
service  tests  to  determine  the  effect  of  any  changes  in 
the  fuel  volatility  on  the  gasoline  mileage  for  their  re- 
spective makes  of  car.  These  tests  were  instituted  as 
part  of  a  general  research  program  undertaken  jointly 
by  the  automotive  and  the  petroleum  industries  to  find 
an  answer  to  the  question,  "What  is  the  best  motor-fuel, 
as  regards  volatility,  when  considered  from  the  point  of 
view  of  the  general  economic  situation?"  Perhaps  the 
most  important  phase  of  this  question  is,  "What  grade 
of  fuel  will  afford  the  maximum  mileage  per  barrel  of 
crude  oil  consumed  in  its  production?"  The  tests  here 
described  were  intended  to  answer  this  question  with 
reference  to  a  number  of  makes  of  passenger  car  when 
used  in  normal  service  under  the  general  supervision  of 
the  experimental  departments  of  their  respective  builders. 

To  make  the  results  as  nearly  comparable  as  possible, 
and  to  furnish  a  central  office  for  the  collection  and 
correlation  of  the  results,  the  following  general  plan  of 
procedure  was  formulated  by  the  Research  Department 
in  consultation  with  a  number  of  companies.  While  each 
of  the  individual  laboratories  was  at  liberty  to  modify 
the  plan  as  desired,  as  a  matter  of  fact,  the  original 
schedule  was  followed  closely  in  nearly  all  instances. 

The  general  plan  was  to  operate  as  large  a  number  of 
stock  cars  as  practicable  successively  on  each  of  four 
specified  grades  of  fuel,  the  cars  to  be  driven  by  their 
usual  drivers,  in  most  cases  owner-drivers,  in  the  regular 
course  of  service,  and  to  secure  accurate  records  of  the 
fuel-consumption,  the  mileage  and  the  oil  consumption 
and  of  the  crankcase-oil  dilution  when  practicable. 

The  question  of  carbureter  adjustment,  which  is 
obviously  of  primary  importance,  had  to  be  handled  dif- 
ferently in  different  cases  because  of  the  divergence  of 

1  M.S.A.E. — Research  engineer,  Society  of  Automotive  Engineers, 
Inc..  New  York  City. 
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Fig.   1 — Distillation   Curves  of  the  Four  Fuels   Used  in   Tests 

the  types  of  carbureter  equipment  in  the  various  makes 
of  car.  Records  of  the  oil  consumption  and  the  crank- 
case  dilution  were  made  by  some  companies  and  not  by 
others. 

The  general  conduct  of  the  tests  as  carried  out  with 
only  minor  variations  by  all  of  the  10  companies  was  as 
follows : 

Cars 

Cars  were  selected  for  the  tests  in  groups  of  four  so 
far  as  possible.  The  reason  for  this  arrangement  in 
fours  will  appear  later.  These  cars  were,  for  the  most 
part,  owned  and  driven  by  officials  of  the  companies,  al- 
though in  a  few  cases  they  were  test  cars  or  service  cars 
belonging  to  the  companies.  They  were  selected  with  a 
view  to  being  typical  of  the  cars  of  that  particular  model 
in  actual  use  throughout  the  Country.  Therefore,  they 
were  cars  that  had  received  no  special  overhaul  or 
preparation,  except  in  a  few  cases  where  their  condition 
demanded  it  before  starting  the  tests.  These  tests  in- 
volved 4  weeks  of  operation  without  any  special  attention 
or  adjustment,  except  as  to  the  carbureter  for  using 
different  fuels. 

The  number  of  cars  selected  by  the  different  com- 
panies varied  from  4  to  12,  and  represented  from  one  to 
three  different  models. 

Fuels 

In  the  selection  of  fuels  of  different  volatilities  for 
these  tests  several  of  the  oil  companies  were  consulted, 
and  it  was  finally  decided  to  specify  four  grades  of  fuel 
as  nearly  similar  as  possible  except  as  to  the  volatility 
of  the  heavier  fractions,  but  covering  a  volatility  range 
as  wide  as  was  considered  practicable  for  use  in  standard 
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RECORD  OF  CARS  IN  THE  TESTS 


-     , 

Age 

Total  Mileage 

When  Last 

Overhauled 

Carbureter 

Remarks 

3 

4 
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i> — Form  Used  in  Recording   Particulars  or  the  Cars   Used 
in    the   Test 


carbureter  and  manifold  equipment.  It  will  be  seen  from 
the  results  that  even  less  volatile  grades  might  have 
been  used  without  serious  difficulty  and  added  to  the 
value  of  the  results. 

The  four  fuels  selected  were  produced  in  quantity  and 
distributed  at  a  special  price  by  the  Sinclair  Refining 
Co.  The  curves  in  Fig.  1  give  the  distillation  figures  for 
these  fuels.  They  were  produced  by  a  straight  distilla- 
tion from  four  different  batches  of  the  same  crude, 
which,  we  believe,  insured  their  similarity  as  regards 
chemical  composition.  The  original  specifications  fixed 
only  the  10  and  the  90-per  cent  points  of  the  distillation 
curve.  The  10-per  cent  points,  being  practically  the 
same,  were  intended  to  insure  the  same  starting  char- 
acteristics, while  the  specification  of  the  90-per  cent 
points  is  in  line  with  the  recent  work  of  R.  E.  Wilson, 
which  seems  to  show  that  the  heavy-end  characteristics 
are  practically  determined  by  the  85-per  cent  point  of  the 
distillation  curve.  The  90-per  cent  point  represents  this 
almost  as  well  as  the  85-per  cent  point  and  is  one  of  the 
regular  test-points. 

These  fuels  were  sent  out  under  labels  A,  B,  C  and  D, 
in  order  of  the  increasing  end-point.  Careful  precau- 
tions were  taken  by  all  the  companies  to  avoid  mistakes 
in  the  records  involving  the  grades  of  fuel.  Samples  of 
the  four  grades  were  sent  to  the  Bureau  of  Mines  for 
check-tests,  and  in  most  cases  the  companies'  laboratories 
made  their  own  tests  for  verification  of  the  labels. 

Drivers 

As  stated  before,  most  of  the  drivers  were  owners  of 
the  cars  they  drove,  but  some  of  the  cars  were  service  or 


CAR  NO    FUEL  MILEASE,  MILEAGE,      MILES        6AS 
START      FINISH     COVERED    START 


6AS, 

FINISH 


&AS       OIL*  OIL  SAM-  REMARKS 
USED     USED   PIE  HARK 


CARS.  1,2,3,4.5,6,7,8 


FUELS:  A,B,C,D 


First  Week. 
Second  W;eV 
Third  Week 


land  2usefuelA;3and4usefuelB;5and6usefuelC,7and8u5efuelD 
land  2usefuel  B;3and4usefuel  C;Sand6usefvel  D;7and8usefue!  A 
I  and '2  use  fuel  C;3and4usetuel  D;5and6usefue!A;7ar,d8us(!fue.l  B 


Fourth  Week/  land  2usefue!  D;3and4usenjel  A;5and6usefuelB;7and6usefijelC 
* 

If  lubricating  oil  is  changed  for  each  week's  run,  record  the  total  amount 
ofannarerrtconsumntionbusubstmch'nameamniirmdrmnrdmimtheamnimtmitm 

If  any  tesfismade  for  dilutionfnter  results  under  remarks 
Retain  samples  of  new  oil  and  each  used  oil 


test  cars  driven  in  accordance  with  the  usual  procedure. 
Provision  was  made  to  insure  that  the  drivers  should 
have  no  information  as  to  the  grade  of  fuel  in  use  at  any 
particular  time.  This  was  considered  important  to  avoid 
prejudice.  To  what  extent  this  requirement  was  actually 
carried  out,  we  have  no  means  of  determining,  but  an 
examination  of  the  results  satisfies  us  that  they  are  free 
from  any  such  effect  as  a  preconceived  opinion  on  the 
part  of  the  driver. 

Test  Procedure 

The  test  procedure  recommended  and  followed  in  all 
cases,  with  only  minor  changes,  is  explained  in  Figs.  2 
and  3.  The  prime  object  in  carrying  out  this  procedure 
was  to  eliminate,  so  far  as  possible,  the  disturbing  effects 
of  any  differences  in  the  weather  and  in  the  types  of 
driving,  by  a  careful  selection  of  a  schedule  in  which  they 
would  cancel  out,  considering  the  fact  that  the  results 
derived  are  merely  representative  of  the  differences  in 
mileage  for  the  different  fuels.  For  this  reason,  a  unit 
of  time  of  1  week  was  selected  on  the  general  assump- 
tion that  the  normal  driving  conditions  are  more  likely 
to  be  alike  from  week  to  week  than  for  any  arbitrary 
period  of  a  different  number  of  days. 

The  effect  of  any  changes  in  the  weather  and  of  any 
progressive  changes  in  the  condition  of  the  cars  was 
eliminated  so  far  as  possible  by  the  schedule  of  tests. 
The  elimination  of  systematic  errors  of  this  kind  is  one 
of  the  most  important  features  of  such  a  test  program. 

Results 

The  nine  companies  cooperating  in  the  tests  used  55 
automobiles  for  207  separate  test-periods  of  1  week,  aver- 
aging 262  miles  each.  The  total  mileage,  54,258,  was 
distributed  as  shown  in  Table  1,  the  shortest  run  being 
41  miles  and  the  longest  1111  miles. 

TABLE     1 — DISTRIBUTION     OF    MILEAGE     IN    TEST    RUNS 

Distance,  Miles       Number  of  Runs 


41-99 

13 

100-199 

61 

200-299 

72 

300-399 

40 

400-499 

11 

500-599 

3 

600-699 

0 

700-799 

3 

800-899 

0 

900-999 

2 

1000-1111 

2 

Fig.    3 — Weekly   Record  Form   of  Tests 


The  figures  for  the  gasoline  mileage,  the  lubricating- 
oil  mileage  and  the  crankcase  dilution  are  given  in  Tables 
2,  3  and  4. 

The  second  to  fifth  columns  inclusive  of  Table  2,  and 
Table  3  contain  all  results  reported  on  the  gasoline  mile- 
age; the  second  to  fifth  columns  of  Table  2  give  the  fig- 
ures arranged  in  order  of  the  increasing  mileage  with 
B  fuel,  which  most  closely  approximates  the  average 
filling-station  gasoline;  Table  3  gives  the  ton-miles  per 
gallon  arranged  to  show  all  the  group  tests,  each  group 
consisting  of  from  three  to  five  cars  of  the  same  model ; 
the  nine  cars  for  which  no  figures  aie  given  in  Table  3 
include  one  group  of  three  cars  of  widely  different  types, 
a  single  !  2-ton  truck,  a  seven-passenger  phaeton  and  a 
commercial  car,  as  well  as  three  closed  cars  belonging  to 
groups  1  and  9.  The  last  three  columns  of  Table  3  ex- 
press the  individual  group-averages  as  percentages  of 
the  corresponding  B  average. 

The  last  four  columns  of  Table  2  record  all  of  the 
figures   reported   for  the   apparent   oil-consumption   and 
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are  not  corrected  for  the  crankcase-oil  dilution.     Table  4 
gives  the  results  on  the  latter. 

Gasoline  Mileage 

The  averages  at  the  bottoms  of  the  second  to  fifth 
columns  of  Table  2  are  approximately  equal,  the  maxi- 
mum difference  being  only  1.6  per  cent.  A  graphical 
comparison  of  the  numbers  in  the  column  headed  B  with 
those  in  the  columns  headed  A,  C  and  D  is  given  in  Fig. 
4  where  the  B  values  are  measured  along  the  horizontal 
lines  00  and  the  deviations  of  A,  C  and  D  are  plotted 
vertically  above  or  below  the  corresponding  B  value  ac- 
cording as  these  deviations  are  positive  or  negative;  that 
is,  in  Fig.  4  the  abscissas  for  each  one  of  the  three 
graphs  are  the  B  values  given  in  the  third  column  of 
Table  2,  while  the  ordinates  are  the  differences  between 
the  B  value  and  the  corresponding  A,  C  or  D  values.  It 
will  be  noticed  that  the  points  along  the  same  vertical  line 
cutting  all  three  graphs  represent  the  same  car.  The 
method  of  plotting  used  for  Fig.  4  assumes  that  the  B 
values  are  correct,  and  thus  distorts  the  actual  vari- 
ations in  A,  C  and  D.  In  presenting  the  results  in  this 
manner,  any  variation  in  the  gasoline  mileage  due  to  a 
change  from  the  standard  fuel  B  will  be  accentuated, 
and  it  is  with  the  object  of  facilitating  the  detection  of 
such  variations  that  this  unfavorable  representation  of 
the  A,  C  and  D  runs  has  been  prepared.  On  this  under- 
standing, we  may  deduce  the  following  facts  from  Fig.  4: 

(1)  There  is  no  tendency  of  the  points  on  any  of  the 
three  plots  to  drift  from  a  higher  value  than  B  at 
either  end  of  the  series  to  a  correspondingly  lower 
value  at  the  other  end 

(2)  The  horizontal  spacing  of  the  points  is  not  uni- 
form, there  being  a  dearth  of  points  particularly  at 
the  higher  mileages  and  to  a  lesser  extent  at  the 
lower  mileages 

(3)  At  the  points  r,  s,  u  and  v  of  Fig.  4,  the  B  values 
are  much  higher  than  the  corresponding  values  for 
A,  C  and  D 

{4)  There  is  a  slight,  but  nevertheless  unmistakable, 
tendency  for  the  B  values  to  be  the  highest  of  the 
four 

What  is  meant  by  item  (1)  is  that  an  oblique  line  like 
Im  or  pq  does  not  represent  the  assemblage  of  points  as 
well  as  does  the  horizontal  line,  and  we  may  conclude 
that  A,  C  and  D  are  equivalent  to  B  as  regards  gasoline 
mileage,  not  only  on  the  average  for  all  cars,  but  over 
the  whole  range  of  mileages  from  9.5  to  22.5  miles  per 
gal.,  except  possibly  at  the  ends. 

The  evidence  from  Fig.  4  supplements  the  arithmetical 
equality  of  the  averages  for  fuels  A,  B,  C  and  D,  by 
demonstrating  that  the  observed  mileages  for  A,  C  and 
D  oscillate  about  the  corresponding  B  observations  prac- 
tically at  random.  We  are  justified  therefore  in  assert- 
ing that,  within  the  degree  of  accuracy  attained  in  the 
cooperative  fuel-test,  the  gasoline  mileage  is  not  de- 
pendent on  the  fuel  volatility  within  the  range  shown  by 
fuels  A  to  D,  except,  again,  possibly  at  the  ends  of  the 
range. 

A  part  of  the  condition  mentioned  in  (2)  is  due  to  the 
method  of  plotting,  as  for  instance  the  last  point,  which 
happens  to  have  a  very  high  B  value  coupled  with  un- 
usually low  A  and  D  values.  Even  when  the  figures  are 
replotted  as  deviations  from  the  average  for  each  car, 
the  points  are  more  closely  packed  in  the  range  from  11 
to  19  miles  per  gal.  than  at  the  ends.  No  attention  need 
be  paid  to  this  thinning-out  of  points  at  the  ends,  if  we 
may  assume  that  additional  runs  with  cars  giving  from 
8.5  to  11.0  and  from  19.0  to  21.5  miles  per  gal.  would 
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yield  points  which,  when  plotted,  would  oscillate  about  B 
in  the  same  manner  as  shown  for  the  inner  ranges  of  the 
graphs ;  if  we  wish  to  be  conservative,  however,  we 
might  qualify  the  assertion  made  at  the  end  of  the  pre- 
ceding paragraph  so  as  to  limit  the  conclusion  to  mile- 
ages between  11  and  19. 
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Fig.  4 — Mileages  Obtained  with  Fuels  A,  C  and  D  Compared  to 

Fuel  B 
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The  condition  mentioned  in  (3)  is  partially  neutral- 
ized by  low  B  values  at  x  and  y  and  by  the  two  isolated 
high  D  values  at  /  and  g.  These  exceptional  values 
should  not  be  regarded  as  being  in  error,  as  it  is  an  in- 
evitable consequence  of  the  conditions  under  which  the 
test  was  conducted  that  there  are  occasional  runs  show- 
ing abnormally  good  or  bad  performance;  the  scheme  of 
using  groups  of  cars  was  planned  to  distribute  these 
occurrences  among  the  four  fuels  evenly. 

How  this  compensation  was  to  be  accomplished  with  a 
minimum  number  of  test-runs  may  be  understood  from 
the  following  schedule  according  to  which  the  cooperating 
companies  agreed  to  conduct  their  tests. 


First 

Second 

Third 

Fourth 

Week 

Week 

Week 

Week 

Car  1 

Fuel  A 

FuelB 

FuelC 

FuelD 

Car  2 

FuelB 

FuelC 

FuelD 

Fuel  A 

Car  3 

Fuel  C 

Fuel  D 

Fuel  A 

Fuel  B 

Car  4 

FuelZ) 

Fuel  A 

FuelB 

FuelC 

This  scheme  provides  for  eliminating  all  daily  vari- 
ations by  giving  a  weekly  average  for  each  car  on  each 
fuel ;  it  compensates  for  any  weekly  variations,  in  the 
weather  for  example,  by  requiring  all  four  fuels  to  be  in 
use  throughout  the  whole  time;  it  anticipates  the  effect 
of  any  progressive  change  in  the  driving  properties  of 
each  car  by  preserving  a  systematic  rotation  of  the  fuels 
for  each  week.  The  group  average,  then,  may  be  re- 
garded as  representative  of  the  performance  of  the  par- 
ticular type  of  car  used  in  each  group. 

A  closer  examination  of  the  abnormal  places  marked 
on  the  graphs,  especially  when  considered  in  relation  to 
the  group  runs,  indicates  that  the  reservation  made  in 
(2)  above  is  of  consequence  only  at  the  high-mileage 
end,  because  the  first  seven  or  more  points  at  the  low- 
mileage  end  represent  a  heterogeneous  set  of  cars;  of 
various  makes,  weights  and  ages,  no  two  of  which  belong 
to  the  same  group,  and  because  the  abnormal  points  in 
the  inner  range  are  surrounded  by  points  from  the  same 
group,  while,  on  the  contrary,  the  last  five  points  on  the 
high-mileage  end  all  belong  to  two  groups  of  cars  typical 
of  the  lightest-weight  automobiles.  It  is  possible,  as  far 
as  may  be  judged  from  the  mileages  reported  for  cars 
going  19  or  more  miles  per  gal.,  that  additional  data  on 
such  high-mileage  automobiles  might  reveal  a  definite, 
but  slight,  difference  in  the  mileage  with  fuels  of  differ- 
ent volatilities."  That  this  compensation  has  been  real- 
ized to  a  great  extent  may  be  seen  by  examining  the 
averages  in  Table  3  for  the  groups  that  include  the  cars 
giving  the  exceptional  points  just  mentioned. 

An  examination  of  the  51  A  points  plotted  in  Fig.  4 
shows  that  24  are  above  the  line  00  and  27  below;  of  the 
50  C  points,  22  are  above  and  28  are  below;  of  the  49  D 
points,  23  are  above,  25  are  below  and  1  is  on  the  00  line. 
This  bears  out  conclusion  (4).  Altogether,  there  are  70 
points  above  3nd  80  points  below  and,  in  general,  the  dis- 
tances to  the  points  below  are  no  less  than  the  distances 
to  the  points  above.  The  group  averages  in  Table  3  show 
the  same  thing.  This  indication  that  the  B  fuel  gives  a 
slightly  greater  mileage  than  either  a  more  volatile  or  a 
less  volatile  one  is  probably  an  uncompensated  effect  due 
to  the  fact  that  the  experience  gained  in  adjusting  the 
carbureters  applies  directly  to  the  Z?-grade  gasoline  but 
does  not  suit  either  a  more  or  a  less  volatile  fuel. 

Summarizing  the  results  on  the  gasoline  mileage,  we 
find,  then,  that  the  fuel  tests  made  by  the  nine  com- 
panies have  shown  that  the  average  car  gives  approxi- 


2  The  Bureau  of  Standards  test-results  bear  on  this  question,  as 
three  of  the  four  cars  used  by  the  Bureau  of  Standards  fit  in  at  the 
high-mileage  end. 


mately  the  same  mileage  with  the  A,  B,  C  or  D  fuels  in 
warm  weather. 

Limits  of  Accuracy  of  the  Fuel  Test 

Now  that  it  is  evident  from  Fig.  4  that  in  any  column 
the  mileages  oscillate  about  the  corresponding  figures  in 
the  B  column,  we  may  eliminate  the  influence  of  the  dif- 
ferent cars.  We  have  done  this  by  expressing  the  group 
averages  of  Table  3  so  as  to  represent  the  number  of  ton- 
miles  that  each  car  would  have  run  on  the  same  quantity 
of  fuel  as  was  used  to  get  100  ton-miles  with  the  B  gaso- 
line. The  advantage  of  recalculating  the  results  in  this 
way  is  that  we  now  have,  for  each  one  of  the  three  fuels, 
a  series  of  values  that  oscillate  about  the  same  number, 
very  near  100,  throughout  the  whole  range.  This  oscilla- 
tion of  the  percentage  numbers  about  a  mean,  suggests 
the  possibility  of  assigning  a  limit  of  accuracy  within 
which  the  numbers,  when  considered  as  representing  in- 
dependent observations  of  the  same  quantity,  establish 
the  mean  of  the  series  as  the  best  value. 

There  are  a  number  of  ways  of  expressing  this  limit 
of  accuracy,  but  all  of  them  involve  the  same  two  factors, 
namely,  the  deviations  of  the  separate  observation  from 
the  mean,  and  the  total  number  of  observations;  we  have 
chosen  the  least  optimistic  of  these  indicators,  the  mean 
square  of  the  deviations. 

The  last  three  columns  of  Table  3  give  the  percentages 
of  the  ton-mileage  secured  with  fuels  A,  C  and  D  when 
compared  with  the  corresponding  B  ton-mileage  as  100; 
under  the  mean  for  each  column  are  given  the  mean 
deviations  of  the  mean  and  of  a  single  observation  as 
calculated  by  the  usual  formulas. 

D»  —  V[S/(m—  1)] 
Dm=V  (S-f-  [n(n  —  1)  ]) 
where 

Dm  =  the  mean  deviation  of  the  mean 
D.<  =  the  mean  deviation  of  a  single  observation 
?!  =  the  number  of  observations 

S  =  the  sum  of  the  squares  of  the  deviation  from  the 
mean 

The  mean  deviations  of  the  mean  are  ±  1.6,  ±  2.3  and 
=t  2.6 ;  the  large  discrepancies  in  the  C  and  D  averages  of 
groups  4  and  5  account  for  nearly  half  of  these  mean 
deviations. 

According  to  these  calculations,  we  may  claim  an 
accuracy  of  no  more  than  2.6  per  cent  either  way.  That 
is,  while  the  individual  values  show  extreme  variations, 
up  to  nearly  40  per  cent  in  two  isolated  instances,  the 
average  of  the  variations  from  the  group  mean  are  well 
below  8.0  per  cent  and  the  compensation  afforded  by  the 
group  scheme  in  12  cases  has  made  the  final  result,  reli- 
able to  about  ±  2.6  per  cent.  From  this  mean  deviation 
we  may  infer  that  if  A,  C  or  D  were  more  than  2.6  per 
cent  better  or  worse  than  the  B  fuel  in  producing  mile- 
age, the  cooperative  fuel-test  as  conducted  would  have 
detected  the  difference. 

These  results  furnish  a  good  illustration  of  the  value 
of  statistical  research.  The  55  cars  employed  in  this  test 
not  only  embodied  various  elements  of  design,  but  were 
in  all  sorts  of  condition.  Some  were  new;  others  had 
been  run  30,000  to  45,000  miles.  In  one  set  of  12 
cars  the  carbureters  were  adjusted  for  each  fuel  by 
the  same  engineer;  in  another  set  of  12  cars  the 
carbureters  were  adjusted  at  the  beginning  and  not 
touched  thereafter;  a  number  of  the  companies  depended 
on  the  drivers  to  make  whatever  adjustments  were 
deemed  necessary  for  best  performance.  Some  cars  were 
provided  with  hot-spots,  stoves  and  similar  devices.  In 
a  number  of  cases  the  week's  regular  run  of  a  certain  car 
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was  changed  from  its  city  route  to  several  days'  road- 
work  in  the  country  and  vice  versa.  Other  variable 
factors  were  the  weather  conditions,  possible  mistakes 
in  the  speedometer  and  the  fuel-volume  readings,  errors 
in  the  transcription  of  the  records,  reliability  of  the 
measuring  instruments  and  the  varying  personal  element 
represented  by  55  different  drivers.  The  analysis  of  the 
results  here  presented  gives  evidence  that  the  cooperative 
fuel-test  as  conducted  was  successful  in  leading  to  mean 
values  in  which  the  compensation  between  this  host  of 
accidental  variations  is  highly  satisfactory. 

Summarizing  the  accuracy  calculation,  we  can  say  that 
±  2.6  per  cent  may  be  assigned  as  an  outside  limit  to  the 
accuracy  within  which  the  conclusion  concerning  the 
gasoline  mileage  may  be  accepted  as  correct;  and  this 
limit  is  wide  enough  to  include  the  results  with  the  light- 
est cars  for  which  the  number  of  observations  is  not  as 
great  as  could  be  wished. 

Drivers'  Comments 

Three  of  the  cooperating  companies  inserted  their 
drivers'  comments  on  the  relative  performance  of  their 
cars  with  the  separate  fuels.    The  comments  of  these  25 


drivers  indicated  that  greater  volatility  of  the  fuel  leads 
to  a  greater  ease  and  satisfaction  in  driving,  while  a 
high-end  point  gasoline,  such  as  D,  induces  "spark-knock," 
slowness  in  warming-up,  sluggish  acceleration  and  other 
difficulties.  One  driver  considered  all  four  fuels  about 
the  same,  and  in  two  other  instances  only  did  the  driver's 
order  of  preference  not  conform  to  the  order  of  volatility, 
A,  B,  C,  D. 

The  three  companies  reporting  drivers'  comments 
represented  the  heaviest  and  the  lightest  cars  and  one  of 
the  medium-weight  models,  and  it  may  be  not  wholly  a 
coincidence  that  the  drivers  of  the  heavy  car  were  least 
disturbed  about  the  differences  in  the  fuels,  while  the 
drivers  of  the  light  car  actually  complained  about  the  D 
fuel. 

Oil  Consumption  and  Crankcase-Oil  Dilution 

The  figures  for  the  apparent  miles  per  gallon  of  lubri- 
cating oil  are  listed  in  the  last  four  columns  of  Table  2. 
Records  of  oil  consumption  are  not  available  for  25  of 
the  55  cars  tested,  and  in  four  instances  there  is  an  in- 
crease rather  than  a  decrease  in  the  volume  of  oil  in  the 
crankcase.      Despite    the   wide    range   of   variation,   the 


TABLE    3 

; — ton-miles 

;    PER  GALLON    OF 

GASOLINE 

BASED   ON  A 

LOAD  OF  TWO  PASSENGERS  OF 

150  LB.  EACH 

Group    A 
1         24.7 

B 

24.8 

c 

27.0 

D 
26.3 

A 

Group  Averages 
B                 C 

D 

Expressed  in 

Terms  of  B  as  100  per  cent 

A                  C                D 

24.8 

25.2 

25.6 

24.3 

21.3 

21.7 

23.0 

23.0 

23.6 

23.9 

25.2 

24.5 

98.8 

105.3 

102.4 

2 

23.7 

22.4 

24.2 
22.6 

23.6 
24.6 

24.5 
21.5 

25.6 

26.8 

27.5 

22.4 

23.9 

24.5 

25.2 

22.8 

97.5 

102.8 

93.2 

3 

27.0 
20.4 
20.5 

25.3 
22.7 
20.3     • 

26.0 
20.1 
20.5 

25.6 
23.1 
20.8 

22.6 

21.8 

22.8 

20.4 

22.6 

22.5 

22.4 

22.5 

100.3 

99.5 

100.0 

4. 

23.2 
27.9 
28.9 
23.0 

24.7 

29.9 
32.7 

22.5 

28.9 
20.7 

20.9 

32.2 
19.8 

■   •  ■  • 

21.3 

20.9 

25.8 

29.1 

23.4 

23.5 

88.6 

80.5 

80.8 

5 

23.2 
23.2 

27.4 

21.9 

23.4 

23.8 
25.6 

28.8 

23.4 
26.2 

28.7 

26.2 

24.'i 

25.9 

32.9 

25.0 

23.1 

26.0 

27.8 

108.2 

112.6 

120.4 

6 

19.2 
21.0 
19.7 

17.2 
17.5 
18.8 

17.6 
17.3 
18.8 

16.6 

18.4 
19.4 

14.9 

20.1 

18.0 

14.6 

18.7 

18.4 

17.9 

17.2 

101.7 

97.3 

93.5 

7 

14.6 
16.2 
16.2 

16.3 

17.8 
19.7 

16.6 
18.2 
16.9 

15.6 
19.7 
16.3 

21.6 

21.1 

20.2 

21.6 

17.2 

18.7 

18.0 

18.3 

92.0 

96.2 

97.9 

8 

24.0 
27.0 
23.6 

24.8 
25.4 
24.7 

24.5 
23.0 
22.3 

25.1 
25.1 
22.1 

27.2 

26.0 

25.6 

26.9 

25.5 

25.2 

23.9 

24.8 

101.2 

94.8 

98.5 

9 

20.0 

23.6 

20.8 
20.2 

20.6 

2L6 

2L8 

21.3 

24.4 

20.8 

22.7 

20.8 

22.5 

91.7 

91.7 

99.2 

10 

23.4 
21.6 

22.4 
28.4 
17.6 
25.2 

21.9 
21.2 

21.2 
23.2 

2li 

23.6 

21 .8 

22.1 

23.4 

22.2 

22.1     • 

94.5 

94.9 

94.5 

11 

19.3 
26.1 

22.1 
25.9 

21.3 

27.8 

21.8 
25.6 

25.0 
20.9 

25.0 
19.9 

26.2 
20.2 

24.2 
20.9 

22.8 

23.2 

23.9 

23.1 

98.3 

103.1 

99.5 

12 

29.5 
26.3 

26.3 
24.5 

25.6 
26.6 

25.5 
22.2 

23.2 
24.8 

23.4 
23.8 

21.7 
25.1 

23.8 
23.6 

25.9 

24.5 

24.8 

23.8 

105.7 

101.3 

97.2 

Average     22.8 


23.3  22.8  22.7Means98.2  98.3  98.1 

Mean  deviation  of  the  mean        ±1.6  ±2.3  ±2.6 

Mean  deviation  of  single  observation         ±5.8  ±7.9  ±8.9 
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TABLE  4 

— CRAXKCASE-OIL  DILUTION 

Fuel 

A 

B 

C 

D 

Group 

Percentage 

Distilled 

Off3 

Viscosity* 

Percentage 

Distilled 

Off3 

Viscosity4 

Percentage 

Distilled 

Off3 

Viscosity1 

Percentage 

Distilled 

Off3 

Viscosity* 

S,l  1 


9 

4  5 

176 

6.5 

160 

SO 

138 

14  0 

105 

8.0 

138 

9.5 

124 

11.0 

116 

15.5 

93 

8.0 

137 

10.0 

126 

14  0 

111 

22.0 

85 

8.0 

127 

14.5 

103 

17  0 

94 

21.0 

78 

Group  Average 

7.1 

10.1 

12.5 

18.1 

10 

9.0 

116 

9  0 

118 

11.5 

110 

13.0 

100 

13  0 

106 

5.5 

140 

10.5 

11.5 

7  0 

146 

10.0 

120 

8.0 

195 

7.0 

185 

16.0 

160 

17.0 

165 

Group  Average 

7.5 

9.5 

12.0 

13.3 

12 

7  0 

130 

7.0 

129 

8.5 

128 

14.0 

103 

7  (1 

130 

7.0 

127 

10  0 

120 

13  5 

100 

10  5 

139 

11.5 

111 

12.5 

104 

21.0 

81 

5.5 
7  5 

145 

7.5 
8.3 

128 

7.5 
11.3 

12S 

16.1 

Average  of  the  three  Groups. 

7.4 

9.3 

11.3 

16.1 

Average  of  the  Groups  Re- 
calculated to  Percentage 
Dilution 

8.0 

10.2 

12.7 

• 

19.2 

Set  2 


1 

Group  Average 

7  0 
6.5 
7.5 
5.0 
6.5 

202 
206 
184 
233 

8.5 
8.3 
8.5 
6.5 
8.0 

196 
184 
L52 
208 

10  4 
11.0 
13.4 
8.5 
10.8 

173 
158 
140 
206 

12.5 
11.2 
16.0 
12.5 
13.1 

154 
155 
125 
149 

2 

Group  Average 

7.5 
9.0 
4.4 
5.2 
6.5 

187 
179 
243 
219 

5.5 
13.5 
8.0 
8.5 
8.9 

225 
144 
202 
192 

12.0 
12.9 
10  3 
12.5 
11.9 

165 
132 
170 
158 

17.7 
15.5 
10.5 
13.0 
14.2 

113 

125 
162 

138 

3 

6.0 
5.5 

5.5 
7.2 
6.1 

223 
221 
247 
197 

7.5 
6.3 
5.5 
8.0 
6.8 

190 
214 
233 
187 

9.5 

6  5 
9.8 

in  :, 

9.4 

177 
206 
178 
164 

8.7 
15.0 
13.0 
13.2 

189 
128 
140 

Average  of  the  Three  Groups 

6.4 

7.9 

10.6 

i:;  -' 

Average  of  the  Groups  Re- 
calculated to  Percentage 
Dilution 

6.8 

8.6 

11  9 

15.2 

Sets 

8 
Group  Average 

7.S 
5.0 
S.5 
7.5 
7.2 

326 

380 
335 
364 

5.8 
8.0 
4.5 

7  s 

f,  :, 

405 
353 
439 
346 

10.0 
10.5 
12  0 
11.5 
11.0 

290 
293 
259 
265 

19.0 
17.5 
24  5 
27.0 
22.0 

158 

180 

123 

99 

Average    Recalculated     to 
Percentage  Dilution    ... 

7.8            

6.9 

12  4 

28.2 

Specific  Gravity 
Viscosity  at  100  Deg.  Fahr.. 
Boiling  Point,  deg  fahr. 
Flash  Point,  deg.  fahr. 
Fire  Point,  deg.  fahr. 
Pour  Test,  deg.  fahr. 
Demulsibility 
Brand  of  Oil 


Saybolt  sec. 


Original  Oil 
Set  1 
0.903 
201 
572 
385 
450 


S.  O.  Indiana 


Formula  No.  2999  Engine  Oil 


Set  2 
0.917 
301 
590 
382 
438 
23 
26 
Medium  Heavy  Polarine 


Set  S 

0.935 

633 

545 

380 

435 

15 

25 


-  Dilution  figures  are  given  as  percentage  cf  gasoline  distilled  from  the  crankcase  oil. 
1  Saybolt  viscosity  at  100  deg.  fahr. 
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averages  for  the  A,  B,  C  and  D  columns  show  a  pro- 
gressive decrease  in  the  apparent  consumption  as  the 
volatility  of  the  fuel  decreases.  The  extent  of  crankcase 
dilution  cannot,  of  course,  be  deduced  from  the  apparent 
oil-consumption,  but  this  can  be  obtained  by  the  use  of 
test  figures  on  the  oils  drained  from  the  crankcases  of 
28  of  the  cars  at  the  end  of  each  period. 

The  percentages  of  gasoline  distilled  from  the  samples 
of  crankcase  oil  are  given  in  Table  4,  which  records  also 
the  constants  of  the  three  original  lubricating  oils  and 
the  Saybolt  viscosities  of  the  oils  at  100  deg.  fahr.  These 
dilution  figures  may  be  taken  as  fairly  representative, 
because,  of  the  12  groups  of  cars  given  in  Table  3,  seven 
are  included  in  the  table  of  dilution  figures,  three  each 
in  Sets  1  and  2  and  one  in  Set  3. 

The  averages  for  the  percentages  of  gasoline  distilled 
from  the  crankcase  oils  are  given  for  these  seven  groups, 
which  are  numbered  to  conform  to  Table  3;  also,  the 
general  averages  for  the  three  sets  of  analyses  have 
been  taken  and  these  latter  figures  are  recalculated  to 
show  the  actual  dilution,  that  is  to  say,  the  percentage 
of  gasoline  based  on  the  original  oil. 

In  all  cases  but  one,  A  to  B  in  Set  3,  the  dilution  in- 
creases progressively  from  A  to  D,  with  a  distinct  ten- 
dency to  show  a  maximum  difference  between  C  and  D. 

The  unfavorable  position  of  fuel  D  as  regards  crank- 


9 


case-oil  dilution  has  a  vital  bearing  on  the  question  which 
the  fuel  test  was  expected  to  answer.  This  dilution 
factor  assumes  an  even  more  important  aspect  when  it  is 
considered  that  the  tests  were  all  run  during  the  summer 
months,  and  for  this  reason  the  final  conclusion  has  been 
deferred  to  await  the  results  which  will  be  obtained  from 
a  projected  continuation  of  the  test  under  cold-weather 
conditions. 

Summary 
The  conclusions  drawn  from  the  results  of  the  tests 
can  be  summarized  as  follows: 

(1)  The  ordinary  passenger  automobile,  driven  in  the 
summer,  shows  no  difference  in  the  number  of  miles 
per  gallon  that  can  be  obtained  with  gasolines  of 
volatilities  varying  within  the  limits  represented 
by  fuels  A  to  D.  This  conclusion  has  been  shown 
to  hold  to  within  ±  2.6  per  cent 

(2)  Drivers  preferred  the  A  and  B  gasolines;  they  did 
not  object  particularly  to  the  C  gasoline;  most  of 
them  noted  difficulty  in  driving  their  cars  when 
using  the  D  gasoline 

(3)  Crankcase-oil  dilution  increases  progressively  with 
a  decreasing  volatility,  and  the  rate  of  increase  is 
more  marked  for  the  heavier  fuels 

(4)  The  high  crankcase-oil  dilutions,  among  other 
things,  have  indicated  the  desirability  of  resuming 
the  tests  in  the  winter  months 


NUMBER  AND  TONNAGE  OF  MOTORSHIPS 


ONE  of  the  most  interesting  and  significant  maritime  de- 
velopments since  the  war  is  the  rapid  increase  in  the 
number  and  tonnage  of  motorships,  an  increase  that  seem- 
ingly has  not  been  interrupted  even  by  the  extreme  depression 
of  the  shipping  industry  during  the  past  2  years.  According 
to  the  latest  statistics  available,  during  the  12  months  ended 
June  30,  1922,  in  spite  of  the  severe  shipping  depression,  the 
tonnage  of  full-powered  motorships  of  2000  gross  tons  or 
over  increased  37  per  cent,  as  against  a  gain  of  only  4  per 
cent  for  steam  tonnage  exclusive  of  motorships.  Perhaps, 
it  is  because  of  the  shipping  depression  that  the  Diesel- 
engined  vessel,  with  its  unquestioned  economies  in  operation, 
is  being  so  rapidly  adopted.  On  June  30,  1921,  there  were 
in  the  merchant  fleets  of  all  countries  145  motorships  of 
2000  gross  tons  or  over,  aggregating  692,000  gross  tons;  on 
the  same  date  this  year  there  were  186,  totaling  946,000 
tons. 

The  United  Kingdom  continues  to  lead,  with  336,000  tons 
on  June  30,  1922,  an  increase  of  24  per  cent.  Sweden  regis- 
tered a  large  percentage  gain  but  continues  in  third  place. 
Norway  has  displaced  the  United  States  as  fourth  on  the 
list.  Germany,  which  did  not  have  enough  motorship  ton- 
nage to  appear  separately  in  the  list  last  year,  has  this  year 
seven  Diesel-engined  vessels  aggregating  32,083  tons.  Danzig 
has  two  ships  aggregating  12,078  tons;  one  of  these  is  the 
Zoppot,  of  9932  tons,  one  of  the  largest  tankers  in  the  world. 


The  following  table  gives  the  number,  tonnage  and  distri- 
bution of  motorships  of  2000  gross  tons  or  over  on  June  30  of 
each  of  the  years  1920,  1921  and  1922: 


Countries 


, 1920 , 

Gross 
Number  Tons 


, 1921 N 

Gross 
Number  Tons 


, 1922 , 

Gross 
Number  Tons 


United  Kingdom 

Denmark 

Sweden 

Norway 

United  States 

Italy 

Other 

Totals 


19 
16 
14 
19 
22 
5 
12 


108,713 
93.295 
63.951 
68,750 
59,807 
24,102 
43,071 


34 
21 
20 
21 

28 

6 

15 


217,104 
121,580 
91.  CM 
85,032 
86,457 
26,449 
63,467 


52 
22 
27 
27 
30 
7 
21 


335,766 
129,507 
123,753 
120,442 
101,672 
36,476 
98,325 


107  461.689  145  691,770  186  945,941 
The  above  totals  are  what  may  be  termed  seagoing  ships. 
In  addition  to  these,  there  were  605  vessels  under  2000  tons 
each,  aggregating  234,325  tons,  which  were  equipped  with 
Diesel  engines.  Last  year,  on  the  same  date,  however,  there 
were  only  553  vessels  of  this  kind  afloat  in  various  parts 
of  the  world,  and  their  tonnage  totaled  216,110  tons. 

The  chief  engineer  of  one  of  the  largest  British  shipyards 
stated  2  years  ago  that  he  saw  a  promising  future  for  sailing 
ships  with  auxiliary  Diesel-engine  power.  This  kind  of  ton- 
nage has  increased  from  45  ships,  totaling  13,000  tons  on 
June  30,  1915,  to  777,  of  342,530  tons,  in  1921,  and  to  870, 
of  353,181  tons,  in  1922.  The  United  States  holds  the  lead  in 
this  kind  of  tonnage,  with  54  ships  aggregating  50,957  tons. — ■ 
Economic  World. 
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Annual  Report  of  the  Treasurer 


THE  report  of  Treasurer  C.  B.  Whittelsey,  prepared 
in  connection  with  the  holding  of  the  1923  Annual 
Meeting  of  the  Society,  is  presented  herewith. 
This  report  covers  the  fiscal  year  ended  Sept.  30,  1922, 
and  similar  figures  for  the  previous  fiscal  year  are  in- 
cluded to  enable  the  members  to  compare  the  various 
items  readily.  The  estimated  budget  for  the  current  fis- 
cal year  ending  Sept.  30,  1923,  is  also  presented. 


Fiscal 

Years 

1921 

1922 

The  annual  audit  of  Rankin  & 

Co.,   public   accountants, 

as 

of  Sept.  30,  lists  the  assets 

of  the  Society  at 

$156,183.80 

$154,322.23 

They  consisted  of 

Cash 

12,155.13 

17,619.66 

Accounts  Receivable 

26,806.93 

29,544.64 

Government     and     Railroad 

Bonds 

83,194.38 

76,513.13 

Accrued  Interest 

909.30 

2,284.04 

Inventories 

19,460.84 

13.888.39 

Furniture  and  Fixtures 

8,850.08 

8,533.08 

Deferred  Debit  Items 

4,807.14 

5,939.29 

$156,183.80 

$154,322.23 

These  were  offset  by 

Accounts  Payable 

$5,107.77 

$20,321.18 

Deferred  Credit  Items 

2,760.28 

2,868.53 

Special  Reserves 

9,398.54 

8,527.86 

Total  Liabilities 

$17,266.59 

$31,717.57 

Unexpended  Reserve  on  Sept. 

30,  of  each  year 

$138,917.21 

"$122,604.66 

"After   deducting  deficit 

$15,3: 

adjustment 

$984.72. 

The    income    from    operation 

during  the  fiscal  year  ended 

Sept.  30,  amounted  to 

$229,778.90 

$235,009.87 

This  includes 

Initiation   Fees 

19,265.00 

11,470.00 

Dues  and  Subscriptions 

76,456.50 

77,353.00 

Advertising  Sales 

123,994.54 

128,721.20 

Miscellaneous  Sales 

10,062.86 

17,465.67 

Additional     income     was     re- 
ceived     in      the      form      of 
Contributions 
Interest 

Making  a  Total  Income  of 


$229,778.90     $235,009.87 


7,500.00 
5,567.21 


8,000.00 
5,052.07 


1921 


1922 


Expenditures     for     the     year 
ended  Sept.  30  were 

For  the  following  purposes 
Publications 
Standards 
Meetings 

Membership  Increase 
Sections 
Research 

Employment  Service 
Cost  of  Advertising  Sales 
Cost  of  Miscellaneous  Sales 
General  Administration 


$233,115.01     $263,389.77 


51,425.33 
27,960.60 
10,379.17 

8,614.79 
10,630.48 

1,004.98 

1,324.77 
23,209.19 

6,881.31 
91,684.39 


46,012.38 

29,275.00 

10,024.01 

7,483.88 

9,561.06 

15,281.96 

3,530.96 

34,650.14 

10,660.21 

96,910.17 

5263,389.77 
15,327.83 


$78,000.00 

76,185.30 

76,513.13 

2,284.04 


Total  Expense  was  $233,115.01 

leaving  Unexpended  Income  for 

the  fiscal  year  9,731.10 

Deficit 

On  Sept.  30,  1922,  the  Society 
had  Government  and  rail- 
road bonds  of  Par  Value 

Market  Value 
Purchase  Value 
and  accrued  interest  of 

ESTIMATED  BUDGET  FOR   1923 

Income 
Dues  and  Subscriptions  $75,000.00 

Contributions  7,500.00 

Interest  5,000.00 

Initiations  13,200.00 

Advertising  Sales  154,779.25 

Miscellaneous  Sales  13,106.00 

Expense 
Publications  $58,250.00 

Sections  10,450.00 

Research  19,000.00 

Employment  Service  4,050.00 

Standards  27,450.00 

Cost  of  Membership  Increase  10,000.00 

Cost  of  Advertising  Sales  40,850.00 

Cost  of  Miscellaneous  Sales  8,740.25 

Meetings— Net  Cost  10,825.00 

General  Expense  78,970.00 


$242,846.11     $248,061.94 


$268,585.25    .$268,585.25 

It  is  the  wish  and  endeavor  of  the  officers  of  the  Society 
to  reduce  the  expenses  so  far  as  is  in  keeping  with  the 
Society's  best  interests,  in  the  hope  of  showing  at  least 
a  small  amount  of  income  in  excess  of  expenditures. 


RESALE  VALUE 


'"pHE  determining  factor  in  the  automobile  business  is  based 
1  upon  the  word  "service"  and  is  exemplified  in  resale 
value.  The  thing-  that  will  determine  ultimate  production  is 
not  the  original  list-price  but  the  second-hand  price.  There 
are  88  member  companies  in  the  National  Automobile  Cham- 
ber of  Commerce.  Twelve  of  them  build  about  87  per  cent 
of  the  cars  the  88  companies  produce.  Not  all  of  the  products 
of  those  12  have  a  high  second-hand  value.  I  asked  about  500 
leading  distributors  to  tell  me  the  second-hand  value  of  the 
last  three  models  of  the  30  leading  producers  in  the  industry. 
I  found  that  they  maintain  a  list  of  12  to  15  automobiles  which 
they  consider  to  be  of  sufficiently  high  second-hand  value  to 
take  them  in  with  the  hope  of  a  profit  in  the  second  sale. 
The  dealer  is  handling  about  80  per  cent  of  his  business  on 


a  time  basis.  Every  time  he  sells  an  automobile,  he  takes  in 
one,  two  or  three  other  automobiles.  He  discovers  very 
quickly  that  there  is  only  one  chance  for  him  to  stay  in  the 
business  as  a  dealer,  and  that  is  to  find  out  what  cars  have 
sufficient  value  to  enable  him  to  sell  them  a  second  time  at 
a  profit. 

A  man  who  starts  in  business  to  do  one  thing  consistently 
day  after  day  and  year  after  year,  and  sticks  to  it,  not  influ- 
enced by  this  or  that  dealer  or  sales  manager,  or  this  or  that 
new  idea,  is  likely  to  dominate  his  field,  because  he  develops 
the  economic  situation  from  the  standpoints  of  manufacture, 
distribution  and  service.  The  only  way  to  undersell  another 
man  is  to  build  a  better  car. — From  remarks  of  E.  S.  Jordan 
before  the  Detroit  Section  of  the  Society. 
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Testing  Fuels  for  High -Compression 

Engines 

By  Stephen  M.  Lee1  and  Stanwood  W.  Sparrow2 


Annual  Meeting  Paper 


Illustrated  with  Charts  and  Drawings 


THIS  paper  is  concerned  with  certain  of  the  methods 
used  and  results  obtained  in  two  investigations  of 
fuels  for  high-compression  aviation  engines.  The  fuels 
in  question  are  benzol  and  ethyl  alcohol,  either  alone  or 
as  blended  with  gasoline. 

The  necessity  of  mixture-ratio  runs  in  fuel  investi- 
gations is  vigorously  emphasized.  In  that  the  tendencies 
of  a  fuel  to  detonate  or  preignite  limit  the  conditions 
under  which  it  may  be  used,  methods  of  estimating 
these  characteristics  are  discussed.  Also  a  graphical 
representation  has  been  made  to  illustrate  the  rela- 
tion between  compression  pressure,  compression-ratio, 
volumetric  efficiency  and  indicated  power  in  order  that, 
with  a  given  engine,  the  effect  on  detonation  of  chang- 
ing engine  conditions  may  be  estimated. 

Results  characterizing  the  performance  of  the  dif- 
ferent fuels  are  mentioned  and  particular  attention  is 
directed  to  cases  where  these  results  are  in  contrast 
with  current  opinion. 

TWO  investigations,  both  relating  to  fuels  for  use  in 
high-compression  aircraft  engines,  are  being  con- 
ducted by  the  Bureau  of  Standards.  These  differ 
only  in  scope;  the  one  authorized  by  the  Bureau  of  Aero- 
nautics of  the  Navy  Department  is  primarily  concerned 
with  certain  specified  fuels,  while  that  authorized  by  the 
National  Advisory  Committee  for  Aeronautics  is  without 
such  specifications.  This  paper  deals  with  such  of  the 
methods  used  and  results  obtained  as  are  believed  to  be 
of  interest  to  the  members  of  this  Society. 

The  majority  of  aircraft  engines  are  now  employing  as 
high  a  compression-ratio  as  will  permit  safe  operation 
with  aviation  gasoline.  It  has  long  been  appreciated  that 
increased  power  and  economy  could  be  obtained  if  a 
higher  compression-ratio  could  be  used  satisfactorily. 
Hence  arises  the  interest  in  fuels  whose  tendency  to 
detonate  is  less  than  that  of  gasoline  and  which  there- 
fore will  permit  the  use  of  higher  ratios.  Among  such 
fuels  are  benzol  and  ethyl  alcohol,  both  of  which  were 
specified  in  the  investigation  authorized  by  the  Bureau 
of  Aeronautics. 

Throughout  this  paper  the  term  compression-ratio  is 
used  interchangeably  with  expansion-ratio  because  these 
two  ratios  are  equal  in  nearly  all  existing  engines  al- 
though such  need  not  be  the  case.  It  should  be  remem- 
bered that  it  is  from  the  increase  in  expansion-ratio  that 
the  increase  in  power  and  economy  is  obtained,  while  it 
is  the  increase  in  compression  pressure  resulting  from 
an  increase  in  compression-ratio  that  necessitates  a  non- 
detonating  fuel.  Although  the  valve-timing  of  an  engine 
can  be  selected  so  that  the  effective  compression-ratio  is 
less  than  the  expansion-ratio,  such  an  arrangement  de- 
creases the  power  output  for  a  given  piston  displacement. 
Consequently  this  practice  has  not.  been  generally  adopted 
and,  at  present,  to  obtain  the  advantage  of  a  high  ex- 


1  Jun.  S.A.E. — Assistant  mechanical  engineer,  powerplants  section, 
Bureau  of  Standards,  City  of  Washington. 

2  M.S.A.E. — Mechanical   engineer,   powerplants   section,   Bureau   of 
Standards,  City  of  Washington. 


pansion-ratio  it  is  necessary  to  overcome  the  difficulties 
accompanying  a  high  compression-ratio. 

Any  program  of  fuel  investigation  should  include 
measurements  of  the  corrosive  effect  of  the  fuel  on 
various  metals,  its  freezing-point,  its  distillation  range 
and  its  solubility  in  other  fuels  with  which  it  may  be 
blended.  Discussion  in  this  report,  however,  is  limited 
to  the  results  of  engine  tests.  These  tests  were  chiefly 
concerned  with  the  power  and  fuel-consumption  obtain- 
able at  various  compression-ratios  with  the  different  fuel 
blends.  In  addition,  since  the  'tendencies  of  a  fuel  to 
detonate  or  preignite  determine  how  high  a  ratio  may  be 
satisfactorily  used,  every  effort  was  made  to  estimate 
these  tendencies. 

Methods  of  Test 

Much  the  greater  portion  of  the  work  was  done  with 
a  one-cylinder  Liberty  engine.  While  the  performance 
of  a  one-cylinder  engine  is  not  identical  with  that  of  one 
cylinder  of  a  multi-cylinder  engine  of  the  same  dimen- 
sions, yet  the  results  obtained  form  a  satisfactory  basis 
for  predicting  the  performance  of  a  multi-cylinder  engine 
with  various  fuels  or  various  ratios.  To  interpret  the 
power  measurements  properly,  requires  that  comparisons 
be  made  on  the  basis  of  the  indicated,  or  the  sum  of  the 
brake  and  the  friction,  horsepower  because  of  the  pro- 
portionately higher  friction-loss  of  a  single-cylinder  en- 
gine. However,  specific  fuel-consumption  results  even 
upon  an  indicated-horsepower  basis  are  not  applicable 
directly  to  multi-cylinder  engines.  It  is  probably  pos- 
sible to  get  lower  specific  fuel-consumption  with  a  single- 
cylinder  engine  than  with  a  multi-cylinder  engine  be- 
cause of  the  absence  of  the  distribution  problem.  How- 
ever, on  account  of  pulsations  in  the  intake  system  the 
specific  fuel-consumption  is  usually  higher,  as  was  the 
case  in  this  investigation.  These  pulsations  have  another 
disturbing  influence  on  the  engine  performance  in  that 
they  cause  wide  variations  in  the  volumetric  efficiency 
with  change  in  the  engine  speed.  Since  both  the  power 
developed  and  the  tendency  to  detonate  vary  directly  with 
the  volumetric  efficiency,  it  can  be  easily  appreciated  why 
care  must  be  exercised  in  using  results  obtained  with  a 
single-cylinder  engine  to  foretell  the  performance  of  a 
multi-cylinder  engine. 

It  is  the  practice  in  this  laboratory  whenever  possible 
to  maintain  a  constant  air-temperature  at  the  entrance 
to  the  carbureter.  This  is  accomplished  by  heating  the 
air  to  a  temperature  a  few  degrees  higher  than  the  high- 
est temperature  likely  to  be  found  in  the  laboratory. 
There  is  ample  evidence  that,  at  a  constant  air-tempera- 
ture, indicated  power  varies  directly  as  the  absolute  or 
barometric  pressure  of  the  air  at  the  entrance  to  the 
carbureter.  Power  measurements  can  therefore  be  cor- 
rected to  a  standard  barometric  pressure  on  this  basis. 
For  careful  measurements  of  detonation  it  would  be  de- 
sirable to  keep  this  pressure  constant  and  equal  to  stand- 
ard atmospheric  pressure.     All  power  measurements  in 
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Fig    1 
Obtain 


n  ~  Showing  How  the  Same  Maximum  Power  Can  Be 
ed   from    Two   Different  Fuels   But  Not  with  the  Same 
Amount  of  Each  Fuel 


these  tests  were  made  with  an  air  temperature  of  86  deg. 
fahr.  and  have  been  corrected  to  a  barometer  reading  of 
29.9  in.  of  mercury. 

In  engine  tests  of  this  kind  it  is  necessary  that  runs 
be  made  at  many  carbureter  settings  differing  by  small 
amounts  to  determine  the  relation  between,  and  values 
of,  the  power  and  the  specific  fuel-consumption  for  each 
of  the  fuels  or  blends.  Such  runs  were  first  made  with 
what  appeared  to  be  the  best  spark-advance.  To  make 
certain  that  "appearances  were  not  deceiving,"  and  also 


COMPRESSION RATIO  = 

Psion  Displacement  plus  Clearance 
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PISTON  DISPLACEMENT 


Fig.    2 — Comparison  of  the  Compression-Ratios  Used  in  Making 
the  Tests 

to  observe  the  effect  of  the  spark-advance  on  detonation, 
it  was  customary  to  make  other  runs  at  greater  and  less 
advances.  The  question  naturally  arises  as  to  whether 
a  single  adjustment  of  the  mixture-ratio  and  the  spark- 
advance  would  not  be  sufficient  for  comparisons  of  the 
power,  since  the  power  may  remain  sensibly  constant 
while  either  the  mixture-ratio  or  the  spark-advance  is 
varied  a  considerable  amount.  It  is  true  that  insofar  as 
determinations  of  the  maximum  power  are  concerned 
mixture-ratio  runs  although  desirable  are  not  essential. 
Nevertheless  they  serve  as  valuable  evidence  that  correct 
adjustments  were  made.  However,  in  fuel-consumption 
comparisons  it  is  absolutely  necessary  to  make  mixture- 
ratio  runs.  In  some  of  these  tests  there  was  a  variation 
of  over  20  per  cent  in  specific  fuel-consumption  with  but 
1-per  cent  variation  in  the  amount  of  power  developed. 
How  uncertain  a  comparison  based  on  single  maximum- 
power  readings  would  be  is  easily  appreciated.  Fig.  1 
emphasizes  the  necessity  for  mixture-ratio  runs  in  com- 
paring fuels.  As  will  be  observed  the  same  maximum- 
power  is  obtained  with  each  fuel  but  not  with  the  same 


3  See    National    Advisory    Committee    for    Aeronautics    Technical 
Note  No.  101. 

'See   Automotive   Industries,   .May    12,   1921.  p.   1003. 
See   Automobih    Engineer!  May.    L920,  o.  199. 

Automotivt    Industries,  May   12,   1921,  p.   1004. 


amount  of  each  fuel.  For  example,  with  a  fuel-consump- 
tion of  14  lb.  per  hr.,  which  gives  the  maximum  power  for 
fuel  .4,  the  engine  develops  15.7  b.  hp.  with  fuel  A  or  14.6 
b.  hp.  with  fuel  B;  while  with  a  fuel-consumption  of  17 
lb.  per  hr.  at  which  the  maximum  power  is  obtained  from 
fuel  B,  the  engine  develops  14.6  b.  hp.  with  fuel  A  or 
15.7  h.  hp.  with  fuel  B;  hence  a  maximum-power  setting 
of  either  fuel  gives  a  comparison  that  is  unjust  to  the 
other  fuel.  With  a  carbureter  adjustment  giving  be- 
tween 11.0  and  15.3  lb.  of  fuel  per  hr.  more  power  would 
be  developed  with  A  fuel  than  with  B.  If  the  adjust- 
ment gave  a  flow  of  between  15.3  and  21.0  lb.  of  fuel  per 
hr.  the  reverse  would  be  true.  This  sort  of  condition  is 
likely  to  result  when  fuel  comparisons  are  made  using 
fixed  sizes  of  carbureter  jet  and  it  is  easy  to  understand 
why  the  results  of  fuel  comparisons  by  different  experi- 
menters so  often  disagree. 

It  should  be  noted  that  accurate  measurements  of  the 
mixture-ratio  are  not  essential  to  obtain  the  benefits  of 
mixture-ratio  runs.  'The  results  of  these  and  many  other 
engine  tests  have  shown  that  the  quantity  of  air  enter- 
ing the  engine  per  cycle  does  not  vary  appreciably  with 
changes  in  the  mixture-ratio.  Hence,  for  a  given  engine 
speed  and  throttle  opening,  a  curve  of  power  versus  fuel- 
consumption  is  essentially  power  versus  mixture-ratio, 
even  though  the  actual  mixture-ratio  is  unknown.  This 
is  particularly  fortunate,  for,  while  accurate  measure- 
ments of  the  fuel-consumption  are  easily  obtained,  the 
situation  is  very  different  with  regard  to  measurements 
of  air. 

In  this  work  detonation  was  estimated  by  sound,  by 
the  decrease  in  power,  by  the  increase  in  jacket  loss  and 
by  the  destruction  of  diaphragms  so  mounted  in  a  spark- 
plug shell  as  to  constitute  an  uncooled  portion  of  the 
combustion-chamber  wall.3  Considerable  confidence  was 
placed  in  the  last-named  measurement,  since  it  is  a  gage 
of  the  destructive  effect  of  detonation,  which  phase  of 
the  problem  is  of  major  importance  in  aviation  work. 

Preignition,  while  easy  to  recognize,  is  difficult  to 
measure  even  comparatively.  Mr.  Ricardo,  in  his  report 
on  the  Influence  of  Various  Fuels  on  Engine  Perform- 
ance', gives  self-ignition  temperature  values  for  various 
fuels  as  determined  by  conventional  methods  at  atmos- 
pheric pressure  and  by  adiabatic  compression  with  air.'' 
By  the  former  method  the  self-ignition  temperature  of 
benzol  was  found  to  be  higher  than  that  of  ethyl  alcohol, 
while  by  the  latter  method  it  was  found  to  be  lower 
Which  value  should  be  used?  Neither  method  completely 
simulates  engine  conditions, 
what  follows.  During  the 
engine  there  is  an  increase  in  the  gas  temperature  due 
to  the  heat  of  compression  and  a  further  increase  in  the 
temperature  of  certain  portions  of  the  charge  caused  by 
the  communication  of  heat  from  local  hot-spots  in  the 
combustion-chamber.  If  the  total  heat  input  is  sufficient 
to  ignite  the  charge,  the  engine  will  continue  to  fire  when 
the  ignition  circuit  is  broken.  So  long  as  ignition  by 
this  means  does  not  precede  the  electric  ignition  it  is 
unobjectionable.  It  usually  happens,  however,  that  this 
phenomenon  occurs  earlier  and  earlier  with  each  succes- 
sive stroke  until  the  power  delivered  by  the  preigniting 
cylinder  becomes  nil.  In  the  case  of  a  multi-cylinder  en- 
gine one  or  more  cylinders  may  go  into  preignition  and 
yet  the  remaining  ones  deliver  sufficient  power  to  keep 
the  engine  running.  Upon  examination  the  pistons, 
valves  and  spark-plugs  in  such  cylinders  will  show  indi- 
cations of  having  been  unusually  hot.  A  reasonably  satis- 
factory method  for  comparing  preignition  in  actual 
engines  is  to  compare  the  operation  with  several  spark- 


This  will  be  evident  from 
compression    stroke    of    an 
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plugs  whose  relative  tendency  to  preignite  is  fairly  well 
known.  Suppose  that  with  one  fuel  a  plug  that  is  known 
to  cause  preignition  readily  is  used  without  trouble  and 
with  another  fuel  serious  preignition  occurs  even  with  a 
spark-plug  that  is  known  to  be  comparatively  free  from 
tendencies  to  preignition.  This  is  good  evidence  that 
the  latter  fuel  is  more  prone  to  preignition.  Much  the 
same  sort  of  a  comparison  can  be  made  by  noting  the 
difference  in  the  spark-advance  that  is  necessary  to  pro- 
duce preignition  with  different  fuels  in  the  same  engine 
Another  method  is  under  development  which  it  is  hoped 
will  provide  more  satisfactory  and  definite  means  of 
measuring  these  tendencies. 

Results 

The  problem  of  fuels  and  compression-ratios  can  be 
approached  from  at  least  two  points  of  view.  One  may 
attempt  to  select  the  best  fuel-blend  for  a  given  com- 
pression-ratio or  the  best  compression-ratio  for  a  given 
fuel-blend.  It  is  along  the  latter  line  of  endeavor  that 
the  most  effort  has  been  expended,  both  in  this  and  in 
other  investigations.  The  range  of  compression-ratios 
studied  is  indicated  in  Fig.  2,  which  shows  the  volumes 
before  and  after  compression  for  the  lowest  and  highest 
ratios  investigated.  Results  obtained  with  these  and  in- 
termediate ratios  when  using  gasoline,  benzol  and  mix- 
tures of  the  two  are  summarized  in  Fig.  3.  It  is  evident 
that  there  is  an  increase  in  the  power  and  a  decrease  in 
the  specific  fuel-consumption  with  each  increase  in  the 


.E  180 


15       16        II        16        19       10       21 
Fuel-Consumption,  Ib.per  hr. 

Fig.    3 — Power    and    Fuel-Consumption    Curves    for    Different 

Fuels  and  Compression-Ratios  Obtained  from  a  Single-Cylinder 

5  x  7-In.  Liberty  Engine  at  a  Speed  of  1500  R.P.M. 

ratio.  Since  the  maximum  power  is  obtained  with  ap- 
proximately the  same  quantity  of  fuel  in  each  case,  it 
follows  that  the  increase  in  the  power  at  the  higher 
ratios  is  not  obtained  at  the  cost  of  a  rich  mixture  acting 
as  an  internal  cooling  medium.  The  data  shown  in  this 
figure  form  the  basis  for  the  dotted  curve  of  Fig.  4.  The 
full-line  curve  of  this  figure  shows  the  theoretical  in- 
crease in  the  power  and  the  efficiency  as  calculated  from 
the  air-cycle  efficiency,  using  the  lowest  ratio,  5.4,  as  the 
basis   of   comparison.     Circles   represent    actual   experi- 
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9        10       II        11 
Compression  -  Ratio 
Fig.  4 — How  the  Efficiency  Increases  with  an  Increase  in  the 
Compression-Ratio 

mental  determinations  and  it  should  be  noted  how  close 
to  the  theoretical  curve  they  fall.  It  is  interesting  to 
observe  how  closely  the  theoretical  increase  in  the  power 
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Fig.   "» — Combustion-Chamber  Shapes  Used   in  the  Tests 

was  approximated  even  with  a  combustion-chamber  of 
the  shape  shown  in  Fig.  5.  Needless  to  say,  this  shape 
was  the  result  of  necessity,  not  choice. 

In  Fig.  6  is  shown  the  maximum  indicated  mean  effec- 
tive pressure  obtained  with  each  of  the  various  ratios  at 
an  engine  speed  of  1500  r.p.m.     The  highest  indicated 


Compression -Patio 


Fig.  6 — Curves  Showing  the  Effect  of  Changing  the  Compres- 
sion-Ratio   on   the    Power    and    the    Fuel-Consumption 
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mean  effective  pressure,  176  lb.  per  sq.  in.,  was  obtained 
at  the  14  ratio.  As  some  engines  operate  with  volumetric 
efficiencies  somewhat  higher  than  that  of  this  engine  at 
1500  r.p.m.,  it  was  thought  desirable  to  make  a  few 
measurements  at  the  higher  volumetric  efficiency  that 
exists  in  this  engine  at  1100  r.p.m.  Such  measurements 
at  a  14  ratio  yielded  an  indicated  mean  effective  pressure 
of  192  lb.  per  sq.  in.  With  a  mechanical  efficiency  of 
90  per  cent,  an  average  value  for  aviation  engines,  the 
corresponding  brake  mean  effective  pressure  would  be 
173  lb.  In  actual  practice  the  mechanical  efficiency  and 
hence  the  brake  mean  effective  pressure  would  un- 
doubtedly be  still  higher,  as  the  friction  horsepower 
would  not  be  expected  to  increase  materially  with  an  in- 
crease in  the  compression-ratio. 

The  upper  full-line  curve  in  the  lower  part  of  this 
figure  shows  the  specific  fuel-consumption  at  an  hourly 
consumption  of  18  lb.,  the  mixture  giving  the  maximum 
power  in  the  majority  of  cases.  The  lower  line  shows 
the  specific  fuel-consumption  at  mixtures  sufficiently  lean 
to  give  99  per  cent  of  the  maximum  power.  This  value 
of  99  per  cent  is  arbitrarily  chosen  as  representing  the 
best  economy  obtainable  with  practically  full  power  devel- 
opment. Moreover,  a  comparison  of  the  fuel-consumption 
results  on  the  basis  of  99  per  cent  of  maximum  power 
has  the  added  advantage  that  this  point  is  more  definite 
as  regards  the  fuel-consumption  than  the  maximum- 
power  point.  The  curve  of  specific  fuel-consumption  at 
99  per  cent  of  the  maximum  power  shows  the  same 
tendency  as  the  full-power  curve,  namely,  a  continuous 
decrease  with  an  increase  of  the  compression-ratio  up  to 
and  including  the  highest  ratio  used  in  this  test. 

Very  different  characteristics  are  shown  in  the  dotted 
curve  of  Fig.  6,  which  is  the  result  of  using  at  each 
compression-ratio  a  blend  of  gasoline  and  just  sufficient 
alcohol  to  prevent  serious  detonation.  With  the  alcohol 
blends,  as  with  the  benzol  blends,  there  was  an  increase 
in  the  power  with  an  increase  in  the  compression-ratio. 
However,  because  of  the  lower  calorific  value  of  alcohol, 
as  the  necessary  percentage  of  alcohol  in  the  blend  in- 
creased the  weight  of  fuel  required  for  a  given  power 
development  also  increased  until  eventually  a  point  was 
reached  where  no  further  increase  in  economy  resulted 
from  increasing  the  compression-ratio.  Recognizing  this 
limitation,  it  is  evident  that  the  selection  of  an  alcohol 
blend  and  compression-ratio  will  be  governed  by  the  kind 
of  service  to  which  the  powerplant  is  to  be  devoted.  In 
short  flights  the  weight  of  the  powerplant  and  the  fuel 
is  chiefly  dependent  upon  the  weight  per  horsepower  of 
the  engine.  On  long  flights  the  fuel-consumption  per 
horsepower-hour  is  of  major  importance. 

In  determining  the  percentage  of  benzol  or  alcohol 
necessary  with  each  of  the  various  compression-ratios, 
the  criterion  was  that  the  detonation  and  consequently 
the  maximum  pressures  should  not  exceed  those  result- 
ing from  the  use  of  aviation  gasoline  at  the  standard  5.4 
compression-ratio  with  the  spark-advance  and  the  mix- 
ture adjusted  for  the  maximum  power.  It  is  significant 
that,  when  using  a  suitable  fuel  at  a  compression-ratio 
of  14,  the  maximum  pressures  as  verified  by  diaphragm 
tests  were  no  greater  than  those  resulting  from  the  de- 
tonation ordinarily  present  with  a  5.4  ratio  under  normal 
service  conditions.  Mean  pressures  at  the  higher  ratios 
are,  of  course,  much  greater. 

The  actual  proportions  of  benzol  and  gasoline  found 
necessary  with  this  engine  are  given  in  Table  1. 


Compression-Ratio 
5.4 
6.1 
7.2 
9.2 

ni.5 

14.0 


FERENT 

COMPRESSION-RATIOS 

Per  Cent  by  Volume 

Benzol 

Gasoline 

0 

100 

30 

70 

65 

35 

85 

15 

100 

0 

100 

0 

'See  The  Journal,.  May.  1922,  p.  305.  and  June,  1922.  p.  451; 
also  National  Advisory  Committee  for  Aeronautics  Technical  Note 
No.  93. 


°Although  100  per  cent  of  benzol  was  used  in  the  tests  at 
this  ratio,  undoubtedly  a  blend  containing  a  very  small 
quantity  of  gasoline  would  have  been  satisfactory. 

In  using  alcohol  as  an  anti-detonation  agent,  it  was 
found  to  be  approximately  twice  as  effective  as  benzol 
at  the  low  compression-ratios  where  the  greater  portion 
of  the  fuel  blend  was  gasoline.  At  the  higher  ratios 
where  the  gasoline  was  the  lesser  constituent  there 
seemed  to  be  little  difference  between  the  effect  of  benzol 
and  that  of  alcohol.  More  experiments  are  needed  to 
determine  whether  this  is  a  general  relationship  or  the 
result  of  a  peculiar  combination  of  circumstances.  In 
this  connection  the  two  consequences  of  adding  a  consid- 
erable proportion  of  benzol  or  alcohol  to  gasoline  should 
be  appreciated:  (a)  detonation  is  decreased  because  the 
amount  of  the  detonating  substance,  gasoline,  is  de- 
creased, and  (b)  detonation  is  decreased  because  the 
amount  of  the  anti-detonation  agent  is  increased.  "Dopes" 
that  are  effective  in  relatively  small  quantities  attain 
their  ends  in  the  last  mentioned  way. 

Undoubtedly  some  investigators  will  question  the  pro- 
portions of  benzol  and  gasoline  cited  above.  Their  own 
experience  may  have  shown  a  need  for  higher  percent- 
ages of  benzol  at  certain  of  these  ratios.  Statements  as 
to  the  proportion  of  any  anti-detonation  agent  necessary 
for  engines  of  a  given  compression-ratio  are  misleading 
because  there  is  ample  evidence  that  the  compression 
pressure  rather  than  the  compression-rafio  forms  the 
most  reliable  gage  of  the  engine's  tendency  to  detonate 
and  hence  of  its  fuel  requirements.'  It  follows  that  the 
compression  pressure  and  hence  the  detonation  tendencies 
of  an  engine  of  low  compression-ratio  and  high  volu- 
metric efficiency  may  equal  or  exceed  those  of  an  engine 
of  high  compression-ratio  and  low  volumetric  efficiency. 
The  influence  of  volumetric  efficiency  can  be  understood 
from  consideration  of  the  factors  determining  the  com- 
pression pressure.    In  general, 

p.  —  p,rn 
where 

n  =  1.25  to  1.40 

Pi  =  the  absolute   pressure  at  the  beginning  of  com- 
pression 
P2  =  the  absolute  pressure  at  the  end  of  compression 
r  =  the  compression-ratio 

It  will  be  seen  that  a  change  in  volumetric  efficiency  or 
barometric  pressure  by  changing  P1  will  change  the  com- 
pression pressure  P2  and  that  the  actual  amount  of  this 
change  will  increase  with  an  increase  in  the  compression- 
ratio. 

Fig.  7  has  been  plotted  as  a  sort  of  birds-eye  view  of 
the  possibilities  open  to  the  engineer  in  designing  an 
engine  to  use  fuel  of  known  detonation  characteristics. 
It  gives  the  relation  between  the  compression-ratio,  the 
volumetric  efficiency,  the  indicated  mean  effective  pres- 
sure and  the  compression  pressure.  In  the  upper  portion 
of  the  figure  a  series  of  compression-pressure  curves  has 
been  plotted  against  the  volumetric  efficiency.  These 
curves  were  plotted  from  the  relation  mentioned  above, 
assuming  Pi  to  equal  14.7  lb.  per  sq.  in.  at  100  per  cent 
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volumetric  efficiency  and  for  lower  efficiencies  to  be  lower 
in  direct  proportion  to  the  efficiency.  In  securing  the 
lower  group  of  curves  the  first  step  was  the  plotting  of 
an  actual  measurement  of  the  indicated  mean  effective 
pressure  obtained  at  a  5.4  ratio  against  an  actual  meas- 
urement of  the  volumetric  efficiency.  From  this  point 
the  curves  were  derived  by  making  two  well  justified 
assumptions:  (a)  that  at  any  compression-ratio  the  in- 
dicated mean  effective  pressure  is  directly  proportional 
to  the  volumetric  efficiency,  and  (b)  that  at  any  volu- 
metric efficiency  the  indicated  mean  effective  pressure  is 
proportional  to  the  air-cycle  efficiency  as  determined  by 
the  compression-ratio. 

An  example  will  show  best  how  these  curves  may  be 
used.  Assume  a  fuel  and  an  engine  design  such  that  with 
an  absolute  compression-pressure  of  160  lb.  per  sq.  in. 
there  is  an  adequate  margin  of  safety  against  detonation. 
From  the  upper  curves  it  is  seen  that  a  pressure  of  160 
lb.  per  sq.  in.  would  be  obtained  with  a  volumetric  effi- 
ciency of  71.5  per  cent  at  a  compression-ratio  of  7  and 
with  a  volumetric  efficiency  of  89  per  cent  at  a  compres- 
sion ratio  of  6.  The  lower  curves  show  an  indicated 
mean  effective  pressure  of  125  lb.  per  sq.  in.  to  be  de- 
veloped with>a  volumetric  efficiency  of  71.5  per  cent  at 
a  compression-ratio  of  7,  while  an  indicated  mean  effec- 
tive pressure  of  147  lb.  is  obtained  with  89-per  cent 
volumetric  efficiency  at  a  ratio  of  6.  For  the  7  ratio  the 
air-cycle  efficiency  is  54.1  per  cent;  and  for  the  6  ratio, 
51.1  per  cent.  Hence,  with  the  lower  ratio  the  indicated 
power  would  be  17.5  per  cent  greater  with  an  efficiency, 
on  the  basis  of  indicated  power,  5.8  per  cent  less. 


8  See  Aiito)notiic  Industries,  May  12,  1921.  p.  1006;  also  National 
Advisory  Committee  for  Aeronautics  Technical  Note  No.  93,  p.  7. 
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-A  Comparison  of  the  5.4  and  14  Compres- 
sion-Ratio Pistons 
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Volumefric  Efficienci),percenf 
Fig.  7 — Curves  of  the  Relation  between  the  Compression-Ratio, 
the  Volumetric  Efficiency,  the  Indicated  Mean  Effective  and 
the   Compression   Pressures 


The  engineer  who  has  been  confronted  with  problems 
of  this  nature  realizes  that  these  curves  tell  only  a  part 
of  the  story.  The  engine  with  the  lower  volumetric 
efficiency  would  need  to  be  larger  and  heavier  to  develop 
the  same  power.  Its  mechanical  efficiency  probably  would 
be  low  because  of  its  low  power  per  cubic  inch  of  piston 
displacement.  Hence,  the  difference  in  brake  horsepower 
for  the  conditions  mentioned  would  be  even  greater  than 
the  difference  in  indicated  power,  while  the  advantages 
of  the  higher  ratio  from  a  thermal  efficiency  standpoint 
would  be  somewhat  offset  by  the  increased  weight  per 
horsepower  and  the  decreased  mechanical  efficiency.  From 
the  foregoing  it  should  not  be  inferred  that  the  compres- 
sion-ratio and  the  volumetric  efficiency  are  the  only  con- 
ditions governing  detonation.  The  size  and  shape  of  the 
combustion-chamber,  the  location  and  number  of  spark- 
plugs, the  cylinder  and  piston  construction  all  have  in- 
fluences which  can  be  determined  only  by  experiment. 
Moreover,  in  maintaining  a  constant  margin  of  safety 
from  detonation,  the  permissible  compression-pressure 
does  increase  slightly  with  an  increase  in  the  compression- 
ratio.  This  results  from  a  slight  decrease  in  the  ratio 
of  the  explosion  pressure  to  the  compression  pressure.8 

In  spite  of  these  many  qualifications  this  plot,  Fig.  7, 
does  make  clear  why  with  a  given  fuel  an  engine  of  high 
volumetric  efficiency  is  limited  to  a  lower  ratio  than  one 
of  lower  volumetric  efficiency.  It  shows  also  that,  so  long 
as  detonation  is  the  limiting  factor,  the  greatest  power 
output  with  a  given  fuel  and  engine  may  be  obtained  by 
first  securing  the  highest  possible  volumetric  efficiency 
and  then  employing  the  highest  compression-ratio  that 
will  provide  adequate  safety  from  detonation. 

In  some  instances  preignition  rather  than  detonation 
may  be  the  factor  that  determines  the  proportions  of  the 
blended  fuel.  This  may  be  the  case  with  alcohol-gasoline 
blends,  for,  although  alcohol  seems  to  possess  more  anti- 
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detonation  effect  than  benzol,  it  appears  to  be  more  prone 
to  preignition.  With  the  engine  used  in  these  experi- 
ments there  was  an  increased  tendency  to  preignition 
with  an  increase  in  the  compression-ratio  but  the  amount 
of  this  increase  was  less  than  had  been  expected.  In  fact, 
the  spark-plugs  used  throughout  these  tests  were  of  a 
type  commonly  used  in  aviation  engines  for  the  past  4 
years.  Although  in  no  respect  special  they  gave  no 
trouble  even  at  the  14  ratio.  The  explanation  is  not  diffi- 
cult when  the  factors  influencing  preignition,  mentioned 
earlier  in  this  paper,  are  understood.  As  there  stated, 
preignition  depends  upon  (a)  the  heat  of  compression, 
and  (6)  the  heat  supplied  to  the  charge  by  local  hot-spots 
in  the  cylinder.  The  first  is  increased  by  an  increase  in 
the  compression-ratio;  the  second  is  probably  decreased. 
The  change  in  the  heat  of  compression  can  be  estimated 
from  the  relation 

where 

T:  —  r,?-"-1 

n  =1.25  to  1.40 

r  =  the  compression-ratio 

7\  =  the  absolute  temperature  at  the  beginning  of 
compression 

T2  =  the  absolute  temperature  at  the  end  of  compres- 
sion 

How  much  heat  is  supplied  to  the  charge  by  local  hot- 
spots  depends  very  largely  upon  the  piston  and  cylinder 
design.  That  this  will  decrease  with  an  increase  in  the 
ratio  could  be  shown  by  comparative  plots,  based  upon 
theoretical  considerations,  of  the  change  of  temperatures 
throughout  the  cycle.  A  familiar,  though  perhaps  un- 
appreciated, illustration  of  this  same  effect  is  the  com- 
mon expedient  of  retarding  the  spark  to  make  an  engine 
heat-up  quickly.  Obviously,  the  increased  heat  is  the 
result  of  the  decreased  expansion  of  the  gases  after  burn- 
ing. These  observations  make  it  clear  that  engines  may 
require  different  fuel-blends  solely  because  differences  in 
design  give  them  unequal  tendencies  to  cause  preignition. 
Differences  in  the  tendency  toward  preignition  with  dif- 
ferent compression-ratios  may  be  less  than  the  difference 
in  the  tendency  toward  preignition  of  different  engines 
at  the  same  ratio.  Therefore,  one  must  be  cautious  in 
using  test-engine  results  as  a  basis  for  selecting  fuels 
for  other  engines. 

Perhaps  undue  interest  attaches  to  some  of  the  experi- 
mental results  because  of  the  degree  in  which  they  prove 
or  disprove  prevalent  opinions.  For  example,  there  seems 
to  be  widespread  belief  that  alcohol  and  benzol  require  a 
greater  spark-advance  than  gasoline  requires.  To  de- 
termine whether  there  is  justification  for  this  belief,  runs 
were  made  with  various  spark-advances  with  each  of  the 
three  fuels  at  a  compression-ratio  and  a  throttle-opening 
such  that  no  detonation  was  present  with  any  of  the 
fuels.  However,  the  maximum  power  was  obtained  with 
the  same  spark-advance  with  each  fuel.  It  seems  prob- 
able that  whenever  the  best  spark-advance  for  alcohol  or 


benzol  has  been  found  to  be  greater  than  that  for  gaso- 
line, this  fact  can  be  considered  an  indication  that  de- 
tonation was  present  when  gasoline  was  used  and  that 
for  this  reason  the  spark-advance  was  not  used  which,  in 
the  absence  of  detonation,  would  have  given  the  maximum 
power. 

A  similar  situation  exists  with  regard  to  the  jacket 
loss,  an  important  item  in  aviation  work  since  it  deter- 
mines the  size  of  radiator  necessary.  Some  investigators 
have  found  a  marked  decrease  in  the  jacket  loss  upon 
changing  from  gasoline  to  alcohol.  No  such  effect,  how- 
ever, was  found  either  in  these  experiments  or  in  ex- 
periments with  multi-cylinder  engines  in  the  altitude 
chamber.  Again  the  difference  probably  can  be  charged 
to  detonation  or  preignition,  whose  presence  when  using 
gasoline  as  a  fuel  caused  unusually  high  jacket-losses 
which  disappeared  when  these  conditions  were  eliminated 
by  the  use  of  alcohol  or  benzol. 

Another  illustration  is  available  of  the  influence  that 
engine  characteristics  may  have  on  work  of  this  kind.  It 
will  be  remembered  that  with  benzol  some  experimenters 
have  encountered  preignition  without  audible  detonation 
at  ratios  of  less  than  8.  This  might  lead  one  to  suppose 
that  some  quality  of  the  fuel  made  detonation  impossible. 
That  such  is  not  the  case  was  shown  by  these  experi- 
ments, for  both  alcohol  and  benzol  detonated  at  the  14 
ratio,  provided  the  spark  was  advanced  sufficiently. 

To  obtain  within  a  reasonable  time  a  piston  that  would 
give  a  14  compression-ratio  the  rather  crude  expedient 
of  welding  additional  metal  to  the  head  of  a  7.2-ratio 
piston  was  adopted.  As  shown  in  Fig.  8,  the  result  was 
an  abnormally  thick  piston-head.  This  thick  head  may 
have  been  a  real  advantage  in  that  it  provided  a  large 
mass  of  metal  capable  of  rapidly  absorbing  heat  during 
the  period  of  combustion  when  the  gas  temperatures  were 
extremely  high. 

The  necessity  of  a  proper  combustion-chamber  shape 
has  been  stressed  so  much  that  added  interest  attaches 
to  the  fact  that  very  nearly  the  theoretical  power-increase 
was  attained  with  the  unconventional  shape  shown  in 
Fig.  5.  This  does  not  imply  that  this  shape,  necessitated 
by  the  flared  cylinder  construction,  is  desirable,  or  that 
it  might  not  give  very  poor  performance  at  reduced 
throttle.  Even  with  this  shape,  however,  less  spark- 
advance  was  necessary  than  at  the  lower  ratios.  Maxi- 
mum power  at  the  5.4  ratio  was  obtained  with  an  advance 
of  26  deg.,  while  with  the  14  ratio  a  13-deg.  advance  was 
sufficient. 

It  is  axiomatic  that  knowledge  of  the  possibilities  of 
operation  under  a  certain  set  of  conditions  must  precede 
any  estimate  as  to  the  desirability  of  operating  under 
such  conditions.  The  sole  effort  of  this  paper  has  been 
to  outline  some  of  the  possibilities  in  the  use  of  high 
compression  and  to  call  attention  to  some  items  of  in- 
terest that  have  appeared  in  this  explorational  investiga- 
tion. 
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By  Dr.  C.  A.  Pkosser1 


Minneapolis  Section  Paper 


THE  author  outlines  what  constitutes  a  "profession" 
and  discusses  the  factors  necessary  in  the  making 
of  a  real  profession  of  automotive  work.  The  essen- 
tials are  stated  to  be  a  body  of  knowledge  built  up 
through  experience  for  use  as  a  guide;  its  collation  and 
organization  so  that  it  can  be  taught  to  others;  the 
establishment  of  training  schools;  recognition  by  so- 
ciety in  general  of  the  social  benefit  of  a  profession  and 
consequent  financial  assistance;  the  development  of  a 
professional  consciousness  on  the  part  of  individuals 
engaged  in  the  same  lines  of  effort;  and  a  vision,  on 
the  part  of  the  individuals  engaged  in  a  given  line  of 
work,  of  the  social  service  that  they  do  by  the  proper 
pursuit  of  their  own  calling. 

NO  industry  in  the  history  of  the  world  has  grown 
so  rapidly  as  that  of  automotive  production.  The 
value  of  the  mechanisms  handled,  the  problems 
involved  in  the  standardizing  of  parts,  the  necessity  in 
the  stress  of  competition  for  constant  improvement  in 
the  product  and  the  many  applications  of  scientific  prin- 
ciples that  the  automobile  requires,  have  made  necessary 
the  employment  of  large  numbers  of  technicians  and 
engineers.  This  technical  service  concerns  itself  at  the 
factory  with  experiments  and  improvements  in  the  manu- 
facture of  the  automobile  it&elf.  At  distributing  points 
throughout  the  Country,  it  is  more  and  more  concerned 
with  the  many  problems  involved  in  the  repair  and  sales 
end  of  the  industry.  These  problems  range  all  the  way 
from  the  better  organization  and  administration  of  the 
plant  and  the  office  to  advancements  in  the  processes  of 
repair. 

The  men  who  come  into  this  work  locally  range  all  the 
way  from  graduates  in  mechanical  and  electrical  courses 
of  engineering  colleges,  particularly  the  former,  to  men 
who  have  grown  up  in  the  business.  They  largely  com- 
bine with  a  general  education  and  reading  a  wide  experi- 
ence either  in  the  repair  or  the  sales  end  of  the  business. 
What  I  have  to  say  has  to  do  with  the  opportunity  and 
necessity  of  the  local  automotive  engineer  making  a  real 
profession  of  his  business. 

There  are  certain  earmarks  of  any  work  in  the  world 
that  raise  it  to  the  opportunity,  spirit  and  dignity  of  a 
profession.  I  will  set  them  up  one  by  one  as  a  straight- 
edge and  point  out  the  extent  to  which  the  work  in  the 
automotive  industry  conforms  to  the  same  tests. 

What  Constitutes  a  "Profession"? 

We  never  have  a  "profession"  until  a  body  of  knowl- 
edge is  built  up  through  experience  to  guide  those  who 
are  engaged  in  its  pursuit.  This  is  true  of  law,  medi- 
cine, education  and  all  forms  of  engineering.  While  the 
automobile  has  been  in  existence  only  a  comparatively 
short  time,  science  and  experience,  working  together, 
have  built  up  a  rich  body  of  knowledge  that  a  man  must 
have  if  he  is  to  become  a  professional  servant  and  leader 
in  the  business. 

Until  this  body  of  knowledge  is  collated  and  organized 
so  that  it  can  be  taught  to  others,  it  does  not  constitute 
the  basis  of  a  profession.  Special  courses  in  automotive 
and  tractor  engineering  and  other  practical  courses  are 
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being  established  in  industrial  and  trade  schools  every- 
where for  the  conferring  of  the  knowledge  that  is  being 
organized  into  textbook  material  and  published  broadcast. 

In  the  truest  sense  of  the  word,  we  do  not  have  a  pro- 
fession until  schools  are  established  for  training  persons 
who  are  to  pursue  it.  This  step  already  has  been  taken. 
Preparation  for  the  profession  of  the  automotive  engi- 
neer will,  in  my  opinion,  come  through  the  engineering 
school,  where  special  courses  will  be  established  for  those 
who  intend  to  specialize  in  automotive  engineering; 
through  the  industrial  and  trade-school  courses,  particu- 
larly in  part-time  and  evening  work;  and  through  corre- 
spondence-school courses  and  related  reading  on  the  part 
of  the  ambitious  man  in  the  trade  who  has  successful 
experience  and  seeks  to  improve  his  professional  stand- 
ing. 

A  profession  does  not  amount  to  much  until  society 
comes  to  recognize  the  social  benefit  of  the  profession 
and  establishes,  at  public  expense,  means  whereby  per- 
sons can  become  better  trained  for  its  successful  pursuit. 
As  in  every  other  line,  history  has  repeated  itself  in  the 
case  of  training  for  automotive  and  tractor  service.  The 
work  begun  with  private  schools  is  now  being  taken 
over  rapidly  by  the  public  as  the  social  worth  of  the  ser- 
vice becomes  recognized. 

Professional  Consciousness 

Until  those  who  are  engaged  in  a  given  line  of  work  come 
to  develop  a  professional  consciousness,  their  work  is  not 
a  profession.  This  has  been  true  in  law,  in  medicine,  in 
education,  in  theology  and  in  all  the  forms  of  engineering. 
A  man  develops  a  professional  consciousness  when  he  comes 
to  have  a  deep  sense  of  interest  and  pride  in  his  calling; 
when  he  is  an  earnest  student  of  his  line  of  work;  when 
he  is  sensitive  to  the  difficulties  and  weaknesses  of  his 
own  service  and  that  of  his  fellows ;  when  he  throws  him- 
self, heart  and  soul,  into  his  task,  not  only  improving  his 
own  efficiency  but  advancing  the  interests  of  the  profes- 
sion in  which  he  is  enlisted. 

The  professional  consciousness  must  rise  to  a  point 
such  that  those  engaged  in  the  work  associate  themselves 
in  local,  state  or  national  societies  in  the  interest  of  their 
business,  whatever  it  may  be,  before  a  profession  is  con- 
stituted. In  fact,  the  man  who  does  not  belong  to  the 
organized  associations  in  his  own  line  may,  in  most  cases, 
be  rated  as  one  of  the  less  desirable  members  of  his  pro- 
fession. 

The  professional  consciousness  of  a  group  of  men  de- 
velops a  professional  code  of  ethics  or  conduct  in  the  rela- 
tionship of  these  men  with  each  other,  before  any  line 
of  work  becomes  a  profession.  Members  need  to  be,  and 
usually  are,  jealous  of  the  reputation  of  the  group.  They 
gradually  come  to  establish  standards  of  professional  con- 
duct in  the  performance  of  work.  They  do  not  want  the 
inefficient  or  the  dishonest  man  to  be  associated  with 
them ;  whenever  they  can,  they  proceed  to  drive  them 
out  of  the  business.  They  work  for  recognized  legal  or 
trade  standards  of  preparation  to  which  they  wish  those 
who  enter  the  business  or  who  become  associated  with 
them  in  a  society  to  conform. 

As  this  professional  consciousness  increases,  members 


Vol.  XII 


January,  1923 


No.  1 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


18 


of  a  group  came  to  have  a  code  of  conduct  in  their  rela- 
tionship with  each  other.  Some  of  the  items  in  this 
code  of  conduct  are  friendliness  with  each  other  in  spite 
of  competition,  fairness  in  their  dealings  with  each  other, 
the  absence  of  personal  criticism,  denunciation  and  in- 
nuendo, and  a  bond  of  brotherhood  in  a  common  cause.  I 
believe  this  result  will  come  about  in  automotive  engi- 
neering through  the  association  of  the  members  of  the 
Society  and  with  the  growth  of  its  professional  spirit 
that  is  sure  to  come  with  the  development  of  the  automo- 
bile business,  the  deepening  of  individual  experience  and 
the  strengthening  of  the  relationships  of  the  members 
with  each  other. 

Social  Worth  and  Service 

To  constitute  a  profession  in  the  truest  sense,  those 
engaged  in  it  must  come  to  have  a  vision  of  the  social 
worth  and  service  that  they  are  performing  through  the 
proper  pursuit  of  their  own  calling.  One  very  strong 
illustration  of  that  at  present  is  the  extent  to  which  doc- 
tors are  giving  of  themselves  in  so  many  ways  to  clinics, 
to  campaigns  for  public  health,  to  the  fight  against  disease 
and  to  the  promotion  of  preventive  measures  of  all  kinds. 
By  the  standardizing  of  their  service  and  the  spread  of 
information  and  procedure,  which  reduces  the  amount  of 
sickness  and  disease,  it  would  seem  at  first  glance  as  if 


the  doctors  were  interfering  with  their  own  business,  be- 
cause the  policy  that  they  are  pursuing  so  earnestly  in  so 
many  quarters  is  reducing  the  number  of  patients.  The 
doctors  have  taken  the  higher  ground  in  this  as  they 
have  become  professionally  conscious  of  the  responsibil- 
ity of  their  greater  knowledge  and  skill  for  public  well- 
being.  In  the  end  it  will  all  redound  to  the  best  benefit 
of  their  own  profession. 

The  automotive  engineer  likewise  needs  to  catch  a 
vision  of  what  efficiency  in  every  phase  of  the  automo- 
bile business  means  to  the  public  in  reducing  expendi- 
tures, in  the  prevention  of  accidents,  in  comfort,  in  the 
greater  mobility  of  the  human  race,  in  quicker  and  safer 
communication  and  in  all  the  things  about  the  automobile 
that  make  it  such  a  marvelous  instrument  for  personal 
pleasure  and  social  good.  Every  step  that  is  taken  in 
the  improvement  of  any  phase  of  the  automobile  makes 
in  this  direction,  and  gives,  or  should  give,  the  automo- 
tive engineer  the  very  great  gratification  of  knowing  that 
the  medium  by  which  he  makes  his  living  is  very  much 
worthwhile  socially. 

The  foregoing  is  a  statement  of  goals.  The  prelim- 
inary steps  have  been  taken  by  the  Society  of  Automotive 
Engineers,  and  it  rests  with  the  local  sections  of  the 
Society  and  their  individual  members  whether  these 
ideals  shall  be  realized  fully. 


DECEMBER  COUNCIL  MEETING 


THE  meeting  of  the  Council  held  on  Dec.  5  at  New  York 
City  was  attended  by  President  Bachman,  First  Vice- 
President  Whitbeck,  Second  Vice-Presidents  Clark,  Brauti- 
gam  and  Segner,  Councilors  Scott  and  Crane,  Past-President 
Beecroft,  Treasurer  Whittelsey  and  A.  J.  Scaife,  nominee 
for  the  1923  Council. 

The  financial  report  as  of  Oct.  31  showed  a  net  balance  of 
assets  over  liabilities  of  the  Society  of  $121,806.46,  this  being 
$16,039.92  less  than  the  corresponding  figure  on  the  same 
day  of  1921.  The  income  of  the  Society  for  the  first  month 
of  the  current  fiscal  year  amounted  to  $21,840.95.  The  oper- 
ating expense  during  the  same  period  was  $22,534.30. 

One  hundred  and  seven  applications  for  individual  mem- 
bership and  42  for  student  enrollment  were  approved.  The 
following  transfers  in  grade  of  membership  were  approved: 
From  Associate  to  Member,  O.  W.  L.  Coffin,  Herman  A. 
Zeller,  R.  O.  Butterfield,  Harvey  E.  Clay,  L.  H.  Gaylord,  H. 
Borreson,  H.  G.  Prodoehl;  Junior  to  Member,  E.  L.  Apor; 
Junior  to  Associate,  Emil  F.  Anderson,  M.  O.  Hodgins,  Frank 
R.  Wood,  H.  Woodall,  Scott  F.  Hunt,  Sterling  O.  Wilson, 
Tsao  Yu. 

It  was  reported  that  during  the  month  of  November  105 
applications  for  individual  membership  and  for  student  en- 
rollment had  been  received  as  compared  with  66  applica- 
tions received  during  the  same  month  of  1921,  and  113  dur- 


ing the  same  month  of  1920.  On  Nov.  30  there  were  5321 
names  on  the  rolls  of  the  Society,  including  affiliate  member 
representatives  and  enrolled  students,  as  compared  with  5246 
on  the  same  day  of  1921  and  5230  on  the  same  day  of  1920. 
The  following  subjects  were  assigned  to  various  Divisions 
of  the  Standards  Committee: 

Storage    Battery    Tray    Terminals  —  Electric    Vehicle 

Division 
Motorboat  Lighting  Equipment — Lighting  Division 
Tail-Lamp  Illumination — Lighting  Division 
Brake  Ratchets — Parts  and  Fittings  Division 
Flexible  Discs — Parts  and  Fittings  Division 
Hardwood  Lumber — Passenger-Car  Body  Division 
Paints,  Varnishes  and   Enamels — Passenger-Car  Body 

Division 
Aluminum  Sheets — Passenger-Car  Body  Division 
Footman  Loops — Passenger-Car  Body  Division 

Earle  Buckingham,  E.  H.  Ehrman  and  George  S.  Case  were 
appointed  a  committee  on  editorial  methods  of  expressing 
limits  and  tolerances  in  connection  with  the  issuance  of  data 
sheets  of  the  Society. 

The  concluding  sessions  of  the  present  Council  were 
scheduled  for  Jan.  8  and  9. 
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Automotive  Transportation 

by  Trailers 


By  E.  R.  Greer1 


Minneapolis  Section  Paper 


Illustrated  with  Photograph 


THE  author  states  that  trailer  operation  is  a  highly 
specialized  form  of  transportation  and  has  fea- 
tures of  flexibility  that  make  it  of  far  greater  impor- 
tance than  is  generally  supposed.  Certain  specified 
limitations  must  be  adhered  to,  because  of  existing  laws 
and  regulations,  and  there  are  other  limitations  due 
to  the  laws  of  mechanics  and  the  present  state  of  de- 
velopment of  this  form  of  transport. 

The  legal  restrictions  in  regard  to  gross  weight  are 
enumerated  and  commented  upon,  as  well  as  those 
applying  to  wheel  loads  and  to  front  and  rear-axle 
loads.  The  cost  of  operation  is  divided  into  seven 
parts  that  are  specified.  In  regard  to  passenger  trans- 
portation, the  suggestion  is  made  that  semi-trailers 
with  passenger  bodies  be  used,  and  six  advantages  to 
be  gained  thereby  are  given. 

THE  general  public  and  probably  many  engineers  are 
inclined  to  look  upon  trailers  as  suitable  for  use 
only  in  special  cases.  Where  roads  are  good  and 
large  quantities  of  any  commodity  are  to  be  transported, 
the  idea  of  using  a  trailer  may  occur  to  anyone ;  but  trailer 
operation  is  a  highly  specialized  form  of  transportation 


must  not  be  over  8  ft.  wide  and  80  ft.  long,  and  they  must 
not  be  too  noisy  or  destructive. 

Supposing  that  the  volume  of  work  to  be  done  is  large; 
to  arrive  at  the  maximum  economy  in  automotive  trans- 
port it  is  necessary,  first,  to  carry  the  largest  possible  load 
each  trip ;  second,  to  travel  as  fast  as  possible ;  and,  third, 
to  reduce  the  time  of  loading  and  unloading  to  a  low  mini- 
mum. 

A  certain  amount  of  weight  is  required  to  get  the  trac- 
tion necessary  to  move  the  load,  and  the  weight  must  be 
balanced  so  that  all  road  conditions  can  be  met.  There 
must  be  enough  weight  on  the  steering  wheels  to  provide 
positive  control  when  a  sharp  turn  must  be  made  on  slip- 
pery pavements,  and  when  hauling  a  maximum  load  up 
a  10  to  15-per  cent  grade.  The  problem  is  simple,  but  it 
is  not  often  given  consideration. 

Tires  14  in.  wide  or  a  total  of  28  in.  of  tire  width  per 
axle  will  carry  22,400  lb.  at  800  lb.  per  in.  of  tire  width. 
This  is  the  limit;  so,  it  is  necessary  to  use  more  axles  to 
carry  heavier  loads.  The  logical  procedure  is  to  use 
trailers.     A  consideration  of  speed  and  the  avoidance  of 


Fig.  1 — An  Application'  of  the  Tractor  and  Semi-Trailer  to  the  Transportation  of  Merchandise 


and  has  features  of  flexibility  that  make  it  of  far  greater 
importance  than  one  might  suppose.  Certain  set  limita- 
tions must  be  adhered  to,  due  to  existing  laws  and  regula- 
tions, and  there  are  other  limitations  that  result  from  the 
laws  of  mechanics  and  the  present  state  of  development. 
We  are  permitted  to  have  800  lb.  of  weight  per  inch  of 
tire  width,  22,500  lb.  gross  weight  on  one  axle  or  28,000 
lb.  gross  weight  on  one  vehicle.  We  are  allowed  a  speed 
of  6  to  25  m.p.h.,  depending  on  traffic  conditions.  Vehicles 
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and    engineer,    Motor    Transport    Co., 


delays  will  show  at  once  that  a  single  trailer  is  enough, 
even  if  two  trailers  could  be  kept  within  the  80  ft.  of 
allowable  length.  A  consideration  of  the  balance  of  the 
load  and  economy  in  operation  will  show  that  the  two- 
wheel  trailer,  or  semi-trailer,  offers  the  best  possibilities. 
As  a  result,  it  appears  that  whereas  the  6-ton  truck  repre- 
sents the  limit  in  truck  capacity,  the  12-ton  semi-trailei 
is  the  limit  in  the  six-wheel  unit.  Such  a  vehicle  is  shown 
in  Fig.  1. 

The  6-ton  truck  with  a  6-ton  load  weighs  about  24,000 
lb.,  with  about  20,000  lb.  on  the  rear  axle  and  4000  lb.  in 
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front.  The  12-ton  semi-trailer  with  a  12-ton  load  weighs 
about  28,000  lb.,  one-third  of  which  is  to  rest  on  the  truck 
tractor,  that  weighs  about  7000  lb.  The  trailer  axle  car- 
ries 18,700  lb.;  the  rear  axle  of  the  tractor,  16,300  lb.; 
and  the  front  axle,  4000  lb.  Hence,  the  load  on  the  road 
is  lighter  in  the  case  of  the  semi-trailer,  although  the 
total  net  load  is  doubled. 

The  6-ton  truck  might  be  hitched  to  a  four-wheel  trailer 
of  6  or  even  12-ton  capacity,  but  such  a  combination  is 
awkward,  difficult  to  operate  and  expensive.  It  is  a  time- 
waster  instead  of  a  time-saver,  because  the  truck  itself 
must  be  held  for  loading  and  unloading,  or  it  could  not 
pull  the  trailer.  It  is  almost  impossible  to  back  up  such 
a  trailer.  At  more  than  10  m.p.h.  there  would  be  trouble 
caused  by  the  "snaking"  of  the  trailer,  and  the  wear-and- 
tear  on  the  truck  would  be  excessive. 

The  semi-trailer  "handles"  as  a  single  unit.  It  can  be 
operated  safely  at  speeds  equal  to  truck  speeds.  It  can 
be  backed  and  maneuvered  in  less  space  than  an  ordinary 
truck.  It  requires  less  than  2  min.  to  exchange  trailers, 
thus  eliminating  all  waste  of  time  for  loading  and  unload- 
ing. The  economy  of  operation  is  excellent,  and  it  is  a 
more  flexible  and  adaptable  unit  for  variable  loads  and 
conditions.  The  maximum  size  of  such  vehicles  has  been 
mentioned,  but  the  same  ratio  holds  good  for  smaller  sizes. 

Overloading  is  general  in  the  case  of  all  trucks;  it  is 
a  bad  practice,  but  one  that  is  difficult  to  prevent.  When 
a  semi-trailer  is  overloaded,  only  one-third  of  the  overload 
is  carried  by  the  tractor ;  so  there  is  much  less  chance  of 
trouble  from  this  source. 

Cost  of  Operation 

Low  cost  per  unit  of  work  performed  is  the  objective. 
If  all  items  of  cost  are  considered,  the  semi-trailer  is  the 
most  satisfactory  in  the  majority  of  cases.  Costs  must 
include: 

(1)  General  or  overhead  expense 

(2)  Driver,  helper  and  compensation  insurance 

(3)  Fuel,  lubrication  and  tires 

(4)  Maintenance 

(5)  Overhaul  reserve 

(6)  Substitute  vehicle 

(7)  Fixed  costs,  consisting  of  depreciation,  interest  on 
investment,  garage,  insurance,  taxes  and  license 

Passenger  Transportation 

The  subject  of  passenger  transportation  is  receiving 
considerable  attention  now  and  the  question  is  suggested 
for  discussion :  Why  not  use  semi-trailers  with  passenger 
bodies?     They  would 

(1)  Accommodate  more  passengers 

(2)  Have  a  lower  center  of  gravity,  be  easier  to  get 
on  and  off  from  and  be  safer  to  ride  in 

(3)  Ride  easier  than  four-wheel  buses 

(4)  Be  quiet  to  ride  in 

(5)  Be  free  from  engine  and  oil  odors 

(6)  Have   a   cost  per   seat-mile  less  than   one-half   of 
that  of  the  usual  type  of  bus 

THE  DISCUSSION 

Phil  Overman: — Do  the  regulations  Mr.  Greer  men- 
tioned, governing  power,  pressure  and  speed  refer  to  all 
types  of  paving  in  the  State,  to  dirt  roads  or  to  concrete 
paving? 


E.  R.  Greer: — Those  are  about  the  only  regulations  we 
have  in  Minnesota  now,  and  they  are  the  regulations  now 
being  advocated  for  a  National  vehicle  law.  I  believe  the 
Minneapolis  city  ordinance  agrees  with  them  at  present; 
there  is  no  distinction  made  as  to  whether  it  is  a  city 
pavement  or  a  country  road. 

C.  S.  Moody: — In  regard  to  ordinary  hauling  with 
trailer  equipment,  how  is  that  limited? 

Mr.  Greer: — We  are  running  31 2-ton  trucks  and 
31 2-ton  tractors  of  exactly  the  same  make;  they  have  the 
same  size  engines,  the  same  kinds  of  traction  and  axles, 
and  the  same  sizes  of  gears.  In  one  case  we  are  carrying 
a  31  2 -ton  load  and  in  the  other  case  we  are  normally  carry- 
ing from  10  to  12  tons.  A  comparison  of  these  units 
shows  an  average  of  about  4%  miles  per  gal.  with  the 
truck,  and  4  miles  per  gal.  with  the  tractor  and  trailer. 
In  other  w7ords,  the  difference  is  less  than  %  mile  per  gal. 
We  get  an  extra  x/%  mile  per  gal.  when  we  pull  3]2  tons 
instead  of  12  tons  and  the  operating  conditions  are  pretty 
severe  right  now.  We  hauled  greater  than  12-ton  loads 
of  brick  to  building  jobs  during  our  deepest  snow  and  put 
them  in,  in  a  section  where  nobody  had  driven  before. 
We  would  get  in  and  get  stuck  in  the  snow;  so  we  had  to 
back  out  and  pull  ahead  a  few  times,  but  none  of  our 
drivers  got  stuck  for  more  than  20  min.,  even  with  the 
12-ton  load. 

Mr.  Moody: — Have  you  had  more  or  less  trouble  with 
the  31, 2-ton  trucks? 

Mr.  Greer: — The  trucks  have  been  stuck  just  as  often 
as  the  tractors  with  trailers,  and  they  have  been  just  as 
long  in  getting  into  and  out  of  the  snow.  The  point  is 
that  the  load  on  the  wheels  for  the  size  of  tires  is  about 
the  same,  and  very  little  more  power  is  required  to  pull 
the  additional  load  on  the  trailer  wheels.  Of  course,  the 
trailer  can  get  cramped  around  where  the  trailer  wheels 
do  not  track  with  the  tractor  wheels ;  so,  the  trailer  wheels 
might  be  in  a  snow  bank  and  the  truck  wheels  out  of  it. 
Under  such  conditions  the  tractor  wheels  would  spin 
around  idly. 

The  four-wheel-drive  truck  advocated  now  for  rail  use 
is  a  similar  trailer  proposition.  This  truck  is  built  into 
a  tractor,  and  the  body  that  the  passengers  ride  in  is  a 
trailer  body  which  is  carried  partly  on  a  power  unit.  In 
the  original  test,  it  required  eight  box-cars  to  constitute 
the  limit  of  traction  that  could  be  maintained  with  a 
steady  pull  by  the  truck.  On  a  level  track,  the  dynamo- 
meter registered  a  3600-lb.  pull  to  start  those  box-cars 
into  movement.  After  they  were  well  started  a  3000-lb. 
pull  hauled  the  total  load,  which  was  120  tons.  That  was 
on  dry  rails.  When  the  rails  were  wet,  it  was  impossible 
to  pull  anywhere  near  so  great  a  load.  That  truck  weighed 
6300  lb.  and  had  a  4-ton  additional  load;  so  there  was 
somewhat  more  than  a  10,000-lb.  weight  on  the  traction 
wheels. 

Mr.  Moody: — On  this  power-trailer  proposition  it  seems 
to  me  that  this  can  be  confined  only  to  smaller  units,  un- 
less it  is  run  on  rails.  By  running  it  on  rubber  tires,  the 
steering  proposition  would  not  only  be  complicated ;  it 
would  be  necessary  to  have  differentials.  These  diffi- 
culties could  be  eliminated  by  running  the  car  on  rails, 
because  the  car  would  steer  itself;  it  would  not  require 
any  steering  mechanism  or  any  differentials  to  be  in- 
corporated in  its  equipment. 
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MANY  of  the  inquiries  answered  by  the  Research  Department  are  of  much  general  interest  and  involve  a. 
considerable  amount  of  thought  and  research.  For  the  information  of  our  members  a  feiv  of  them  ivill  be 
published  each  month.  It  is  hoped  that  in  this  ivay  those  members  who  have  not  yet  availed  themselves  of  the 
facilities  offered  by  the  Research  Department  may  be  encouraged  to  take  advantage  of  them  in  the  future. 

COAT-FINISHING  EXHAUST-MANIFOLDS 


*  I  ''HE  following  inquiry  was  received  from  one  of  our  mem- 
■     bers,  a  British  builder  of  high-grade  automobiles: 

We  are  experiencing  considerable  difficulty  in  obtain- 
ing a  good,  high-class,  permanent  finish  and  appearance 
on  the  exhaust-manifold  of  the  engines  of  our  cars,  and 
would  be  pleased  if  you  could  supply  us  with  some  in- 
formation on  the  various  methods  used  by  firms  in  the 
United  States  to  obtain  the  high-class  finish  they  do. 

A  questionnaire  based  upon  this  inquiry  was  sent  out  to  a 
number  of  producers  of  high-grade  cars  and  to  a  number  of 
enameling  companies  to-  whom  the  car  builders  referred  us 
for  further  information.  The  following  extracts  from  letters 
received  from  the  automobile  companies  summarize  their 
views  on  the  question: 

We  have  found  two  very  satisfactory  ways  of  finish^ 
ing  our  exhaust-manifold.  One  is  Parkerizing  with  a 
black  Bauer-Barff  finish  of  a  fairly  permanent  nature. 
The  other  is  a  vitriolizing  process  that  enamels  the  ex- 
haust-pipe with  a  glassy  compound  of  great  heat-resist- 
ing qualities  and  effectively  prevents  rusting. 


The  porcelain  enamel  finish  represents  the  very  best 
obtainable  finish  that  will  withstand  any  amount  of 
heat. 


We  wish  to  emphasize  that  we  have  had  considerable 
difficulty  with  our  exhaust-pipes  so  far  as  keeping  a 
reasonable  finish  on  them  is  concerned.  We  have  tried 
metal  coating  and  all  sorts  of  enamel,  but  nothing  is 
satisfactory.  Lately  we  have  tried  fusel  oil,  which  we 
find  gives  a  nice  finish  and  withstands  considerable 
heat.  We  have  been  in  the  habit  of  sending  out  our 
work  to  an  enameling  company  which  subjects  the  ex- 
haust-pipes to  a  treatment  similar  to  that  applied  to 
pottery.  The  coating  is  first  a  dull  luster  and  after 
being  subjected  to  about  1200  deg.  fahr.  becomes  a  bril- 
liant glaze.  It  looks  very  much  like  black  enamel  and 
maintains  its  luster  very  well  up  to  a  temperature  of 
about  1400  deg.  fahr. 


We  have  found  after  considerable  investigation  that 
fused  enamel  similar  to  that  used  on  the  best  grade  of 
cooking  utensils  is  the  best  suited  for  the  permanent 
coating  of  exhaust-manifolds.  All  other  finishes  are 
more  or  less  unsatisfactory,  and  they  do  not  present  so 
good  an  appearance  as   the  fused   enamel. 


The  enameling  companies  replied,  in  part,  as  follows: 

There  are  two  methods  of  porcelain  enameling.  These 
are  known  as  the  dry-coat  and  the  wet-coat  processes. 
It  is  by  the  latter  that  the  automobile  companies  in  this 
country  are  finishing  their  manifolds.  They  are  using 
this  process  because  it  gives  them  a  much  more  durable 
finish  and  at  a  considerable  saving.  The  method  em- 
ployed for  finishing  is  as  follows:  The  casting  is  first 


sand-blasted  to  give  it  a  smooth  finish  and  to  remove 
all  dirt  or  foreign  substances;  the  enamel  is  then 
sprayed  on  in  liquid  form  and  allowed  to  dry  thoroughly, 
after  which  the  manifolds  are  placed  in  a  furnace  at  a 
temperature  of  about  1300  deg.,  which  fuses  the  enamel 
in  with  the  iron  and  gives  the  desired  porcelain  enamel 
finish. 


We  have  a  special  finish  for  exhaust-manifolds  that 
consists  of  a  high-gloss  black  coverage  applied  at  a 
temperature  of  approximately  1400  deg.  which  is  nearly 
double  that  of  the  exhaust-pipe  of  an  engine  in  ordinary 
use.     This  gives  practically  a  permanent  finish. 


The  method  we  follow  in  enameling  exhaust-mani- 
folds is  as  follows:  The  manifolds  are  first  rough-ground 
so  that  all  protruding  chaplets,  fins,  etc.,  are  removed. 
The  manifold  is  then  sand-blasted  with  flint  shot  so  that 
it  has  a  silvery  white  finish.  It  is  essential  that  all 
burnt  sand  be  removed  from  the  casting.  The  casting 
is  then  sprayed  with  a  special  black  manifold-enamel 
which  is  allowed  to  dry  for  about  3  hr.,  at  the  end  of 
which  time  it  is  put  in  a  gas-fired  muffle  furnace.  The 
temperature  in  the  muffle  is  approximately  1350  deg. 
fahr.  It  takes  about  10  min.  to  fuse  the  enamel  onto 
the  iron  so  that  when  the  manifold  is  taken  from  the 
muffle  it  has  a  high  gloss.  We  find  it  necessary  to  re- 
spray  this  manifold  and  fire  it  again  to  get  a  first-class 
smooth  job.  After  the  manifold  is  sprayed  the  first  time 
it  is  necessary  to  wipe  some  of  the  joints  where  the 
exhaust  from  the  cylinders  enters  the  manifold,  so  that 
when  the  manifold  is  put  on  an  engine  it  can  be  fitted 
to  the  cylinders  properly  with  a  gasket. 


We  finish  exhaust-manifolds  made  of  malleable  iron 
with  one  or  two  coats  of  black  vitreous  enamel.  The 
process  of  vitreous  enameling  that  we  use  is  called  the 
wet  process.  That  is  to  say,  the  article  to  be  enameled 
is  thoroughly  cleaned,  first  being  subjected  to  a  high 
temperature.  Then  it  is  sand-blasted,  after  which  we 
spray  either  one  or  two  coats  of  enamel  upon  the  sur- 
face of  the  article  and  burn  it  at  a  temperature  of  from 
1400  to  1500  deg.  fahr.  This  gives  a  fine  finish  which 
will  withstand  a  temperature  of  1500  deg.  fahr.,  but  if 
subjected  to  a  constant  temperature  above  that,  it  is  apt 
to  lose  its  finish,  become  dull  and  possibly  blister. 
Enameled  manifolds  should  not  be  used  on  automobile 
engines  that  are  being  tested. 


Most  of  the  protective  finishes  used  on  exhaust-mani- 
folds proved  more  or  less  unsatisfactory  until  the  de- 
velopment of  vitreous  enamel  finish,  for  cast  or  tubular 
exhaust-manifolds,  in  recent  years.  This  finish  appears 
to  have  given  highly  satisfactory  results  as  to  both 
appearance  and  permanence. 
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THE  discussion  of  the  papers  presented  at  the  Pro- 
duction Meeting  of  the  Society  held  at  Detroit, 
Oct.  26  and  27,  is  printed  herewith.  Efforts  have 
been  made  in  every  case  to  have  the  authors  of  the  vari- 
ous papers  reply  to  the  discussion,  both  oral  and  written, 
and  these  comments,  where  received,  are  included  in  the 


discussions.  For  the  convenience  of  the  members  a  brief 
abstract  of  each  paper  precedes  the  discussion  with  a  ref- 
erence to  the  issue  of  The  Journal  in  which  the  paper 
appeared,  so  that  those  who  desire  to  refer  to  the  com- 
plete text  as  originally  printed  and  the  illustrations  that 
appeared  in  connection  therewith  can  do  so  easily. 


EXPERIENCE  NOTES  FROM  A  PRODUCTION 

NOTEBOOK 


BY  H.  J.  CRAIN  AND  J.  BRODIE 


WHILE  investigating  the  sources  and  causes  of 
noise  in  automobiles  during  an  extensive  con- 
nection with  one  of  the  largest  automobile  companies, 
the  authors  recorded  their  experiences  in  the  shop  in 
the  form  of  notes.  Some  of  these  are  offered  with  a 
view  to  stimulating  the  discussion  of  the  subject  and 
with  the  hope  that  additional  information  will  be 
brought  out  by  an  exchange  of  ideas,  particularly  on 
the  problem  of  eliminating  gear-noises.  In  many  cases 
they  found  that  noise  was  caused  by  failure  to  allow 
sufficient  clearance  for  an  adequate  oil-film.  And  it 
was  noted  frequently  that  when  one  noise  had  been 
located  and  silenced  another  appeared  that  had  not 
been  apparent  before.  The  topics  that  have  been  con- 
sidered include  the  running-in  of  brake-bands,  engine 
knocks,  oil-pump  gear-noise  and  that  of  gears  in  gen- 
eral, the  clearances  of  ball  bearings,  backlash,  and  rear- 
axle  bevel-gears. —  [Printed  in  the  November,  1922, 
issue  of  The  Journal.] 

THE  DISCUSSION 

President  B.  B.  Bachman:— I  have  had  a  suspicion 
that  has  been  confirmed  again  and  again,  that  we  all  have 
a  fetish  for  close  fitting,  that  we  forget  many  times  that 
oil  and  oil  films  are  actual,  physical  things  and  require 
space  and  that,  with  bearings  that  just  fit,  when  there  is 
no  clearance  space  between  them  even  for  atmosphere, 
the  possibility  of  getting  lubricants  into  them  is  reduced 
to  zero. 

H.  M.  Crane: — I  am  very  much  interested  in  the  in- 
troduction of  loosely  fitted  gearbox  bearings  to  produce 
quiet  gears  and  especially  in  connection  with  the  use  'of 
ball  bearings.  Has  any  test  been  made  of  ball  bearings 
in  which  the  balls  and  races  are  fitted  tightly  but  the 
outer  races  are  fitted  loosely  in  the  housing?  I  do  not 
know  that  that  would  give  the  same  result.  It  probably 
would  not,  but  I  think  that  it  might  give  the  desired 
cushioning  effect  and  the  same  quieting  result. 

E.  F.  Runge1: — Referring  to  Mr.  Crane's  question,  I 
do  not  believe  that  the  same  results  could  be  obtained  by 
making  a  loose  fit  between  the  outer  ring  of  the  ball 
bearing  and  the  housing.  This  form  of  construction  may 
tend  to  dampen  some  of  the  transmitted  noise  but  would 
be  dangerous,  as  the  tendency  would  be  for  the  outer 
ring  to  creep  or  spin  in  the  housing.  This  would  cause 
excessive  wear,  especially  where  the  housing  is  made  of 
aluminum. 

The  chart  shown  as  Fig.  8  in  the  paper  is  apparently 
based  upon  theoretical  calculation   and   is  evidently  ir»- 

1  M.S.A.E. — Vice-President,  S  K  F  Industries,  New  York  City. 


tended  to  give  only  an  approximate  idea  of  the  compar- 
ison between  axial  or  end  play  and  radial  looseness. 
Actual  measurement  of  the  end  play  shows  that  for  a 
specific  amount  of  radial  looseness  the  end  play  will  be 
from  25  to  30  per  cent  greater  than  the  amount  indicated 
in  the  chart.  The  determination  of  the  radial  looseness 
by  end-play  measurements  is  not  at  all  reliable,  as  the 
amount  of  total  movement  of  one  ring  as  compared  with 
the  other  depends  on  the  accuracy  of  the  contour  of  the 
ball  grooves,  the  radius  of  the  grooves,  the  amount  of 
pressure  applied  when  the  measurement  is  taken  and 
whether  the  one  ring  is  moved  in  a  plane  parallel  to  that 
of  the  other  ring. 

Considerable  variation  can  be  had  in  all  of  these  items 
but  it  is  at  the  same  time  possible  to  hold  the  radial  loose- 
ness constant.  In  all  of  the  variations  that  are  encoun- 
tered, the  one  that  will  have  the  greatest  range  will  come 
from  varying  the  pressure  applied  when  the  end  play  is 
measured.  Under  a  very  light  load,  there  is  excessive 
end-play  due  to  the  elastic  deformation  occurring  at  the 
point  of  contact  of  the  balls  with  the  grooves.  As  a 
result,  we  have  found  that  where  the  amount  of  end  play 
must  be  considered,  its  determination  can  be  made  only 
when  a  specific  end-load  in  either  direction  is  applied. 
From  this  explanation  it  will  be  seen  that  the  determina- 
tion of  radial  looseness  by  the  amount  of  end  play  is  not 
very  reliable.  We  have  developed  machines  that  will  de- 
termine either  radial  looseness  or  radial  tightness  within 
0.0001  in. 

Another  consideration  that  is  not  always  taken  into 
account  is  the  amount  of  looseness  or  tightness  remain- 
ing in  a  bearing  after  it  has  been  mounted.  We  find, 
from  experiments,  that  where  an  inner  race  has  a  press 
fit  on  the  shaft,  the  ball  groove  of  that  race  will  expand 
approximately  70  per  cent  of  the  amount  of  the  press  fit. 
Therefore,  considering  that  a  bearing  has  a  radial  loose- 
ness of  0.0005  in.  and  the  inner  race  has  a  press  fit  of 
0.0010  in.,  after  the  bearing  is  mounted  it  will  be  actually 
tight  by  0.0002  in.,  all  of  the  looseness  having  been  taken 
out  by  the  press  fit  and  0.0002  in.  of  tightness  put  in. 
Where  it  has  been  predetermined  that  a  certain  amount 
of  radial  looseness  is  desirable,  it  is  very  important  to 
be  sure  that  the  amount  of  final  looseness  required  has 
not  been  interfered  with  by  the  mounting  of  the  bearing. 
As  it  is  not  general  practice  to  force  the  outer  ring  of 
the  bearing  into  the  housing,  it  is  not  so  important  to 
consider  these  same  conditions  as  applying  to  the  outer 
ring,  although  in  such  cases  as  where  the  outer  ring  is 
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forced  into  the  housing,  that  should  be  taken  into  con- 
sideration. It  should  also  be  kept  in  mind  that  where 
those  types  of  bearing  that  must  be  opposed  to  stabilize 
the  position  of  the  shaft  are  used,  it  is  practically  impos- 
sible to  maintain  radial  looseness  or  to  know  its  mag- 
nitude. 

A  tightly  fitted  bearing  will  make  more  and  a  different 
kind  of  noise  than  one  that  is  loosely  fitted.  The  tight 
bearing  will  also  set  up  a  greater  noise  where  inaccu- 
racies in  the  bearing  exist  or  where  foreign  matter,  such 
as  metallic  chips  or  abrasive  matter,  is  present.  The 
noise  in  bearings  many  times  is  traceable  to  the  pres- 
ence of  foreign  matter,  and  extreme  care  is  taken  in  the 
manufacture  of  the  bearings  to  eliminate  this  condition 
and  every  precaution  should  be  taken  by  the  user  to  keep 
the  bearings  clean  in  handling  or  assembling. 

Where  normal  or  tightly  fitted  bearings  are  used,  the 
gear  noise,  as  well  as  bearing  noises,  is  very  efficiently 
transmitted  to  the  gearcase  or  the  housing  which,  in 
most  cases,  will  magnify  the  noise.  It  is  a  well-known 
fact  that  where  an  oil  cushion  can  be  provided,  it  will 
dampen  out  part  of  the  noise  and  vibration.  I  believe, 
however,  that  in  the  use  of  the  looser  bearing  for  appli- 
cation to  transmissions,  as  the  looseness  of  the  bearing 
will  more  freely  accommodate  misalignment  of  shafts 
and  their  deflection  under  load,  greater  flexibility  plays  a 
bigger  part  in  noise  elimination. 

G.  E.  Goddard: — In  his  experiments  with  this  radial 
play,  did  Mr.  Brodie  discover  any  appreciable  difference 
in  the  oil-pumping  characteristics  of  the  ball  bearing? 
In  some  of  our  earlier  experiences  we  noticed  that  son,  ; 
ball  bearings  pumped  oil  in  a  certain  direction.  I  think 
the  problem  was  never  solved  in  our  own  minds.  We 
turned  the  bearings  end-for-end  and  they  pumped  in  the 
same  direction.  We  tried  bearings  of  different  makes, 
with  different  ball  separators,  and  that  seemed  to  make 
very  little  difference.  Would  increasing  the  rolling 
clearance  affect  the  oil-pumping  of  the  bearing? 

I  think  it  is  common  practice  to  use  an  oil  spinner  or 
throw-off  ring  to  prevent  the  oil  going  through  a  bearing, 
but  believe  it  would  be  rather  interesting  to  hear  from 
some  of  the  ball-bearing  men  as  to  whether  they  have 
had  any  experience  with  curing  oil-pumping  in  annular 
ball-bearings. 

If  there  is  an  existing  standard  on  the  radius  of  the 
groove  in  the  races,  is  it  7/10  of  the  ball  diameter  or  do 
the  different  makes  of  bearing  have  different  radius 
grooves?  If  they  do,  would  it  not  be  necessary  to  have 
a  table  for  each  make  of  bearing? 

R.  S.  Drummond3: — We  have  had  some  experience  in 
our  factory  along  the  same  line  that  Mr.  Brodie  men- 
tions, concerning  the  radial  clearance  of  ball  bearings. 
The  work  that  Mr.  Brodie  mentions  in  his  paper  is  con- 
firmed by  experience  in  testing  gears  in  our  factory. 
The  tests  were  suggested  by  gears  that  were  quiet  with 
plain  bearings  and  noisy  with  other  bearings,  and  were 
made  using  Hess-Bright  bearings  of  various  radial  clear- 
ance. I  speak  of  this  with  reference  to  automobile  trans- 
missions only,  as  there  appear  to  be  other  fields  of  use- 
fulness for  ball  and  roller  bearings  which  are  not  as  yet 
affected  by  close  fit  of  balls. 

We  have  upward  of  15  different  transmissions,  repre- 
senting a  number  of  cars  that  are  produced  by  men 
present  in  this  room.  These  were  furnished  us  by  the 
car  builders  for  test  purposes.  In  every  case  the  bear- 
ings in  the  transmissions  require  some  alteration  in  the 
amount  of  radial  clearance  for  them  to  operate  quietly. 


2  M.S.A.E. — Vice-President,    Gear   Grinding   Machine   Co.,   Detroit. 

3  M.S.A.E. — Chief  engineer,  New  Departure  Mfg.  Co.,  Bristol.  Conn. 


Comment  has  been  made  about  the  amount  of  radial  clear- 
ance or  oil  room  needed.  There  are  no  statistics  that  are 
absolute  on  that  subject  today.  The  amount  mentioned 
in  Mr.  Brodie's  paper,  0.0008  in.,  is  approximately  cor- 
rect under  average  conditions  in  average  transmissions 
as  tested  by  us.  Where  there  are  no  means  of  checking 
in  a  laboratory  the  amount  of  clearance  in  the  bearing, 
we  have  used  a  very  simple  expedient.  We  hold  rigidly 
with  one  hand  the  inner  race,  and  the  cage  carrying  the 
balls  and  try  to  slip  the  outer  race  over  the  balls.  A 
crude  but  very  satisfactory  estimate  of  the  amount  of 
radial  clearance  can  be  made  in  this  way.  If  the  outer 
race  slips  in  that  way,  there  is  normally  enough  radial 
clearance.  In  four  noisy  transmission  jobs  investigated 
in  the  factories  of  the  manufacturers,  we  established  to 
their  satisfaction  that  the  radial  clearance  was  lacking  to 
an  extent  that  developed  noise  in  the  bearings  and  that 
noise  was  eliminated  by  increasing  radial  clearance.  Our 
tests  confirm  what  Mr.  Brodie  has  said. 

Our  experience  indicates  the  same  general  result  from 
the  standpoint  of  backlash  in  gears.  In  cold  weather  the 
teeth  operate  somewhat  like  individual  dashpots.  The  oil 
does  not  always  get  away  with  facility  at  the  bottom  of 
the  tooth ;  it  has  to  be  squeezed  out  under  pressure  and, 
if  there  is  not  sufficient  room  for  the  oil  to  escape  readily, 
a  noise  will  develop.  Backlash  in  various  types  of  gear 
and  in  various  transmissions  depends  to  a  certain  extent 
upon  the  construction.  There  is  one  transmission  that 
requires  approximately  0.004-in.  backlash  to  operate  with 
any  reasonable  degree  of  quietness.  We  believe  this  is 
due  to  poor  support  of  the  driving  pinion.  When  this 
support  is  improved  the  gears  run  quietly  with  greater 
backlash.  Average  transmissions  show  a  requirement 
somewhere  between  0.010  and  0.016-in.  backlash. 

T.  C.  Delaval-Crow' : — Mention  is  made  in  the  paper 
of  the  effect  of  radial  clearance  in  ball  and  roller  bearings 
on  transmission  noise.  The  author's  experience  indicated 
that  an  increase  of  radial  clearance  within  certain  limits 
reduced  the  noise.  The  reason  advanced  for  this  is  that 
sufficient  space  was  left  for  an  oil-film  between  the  balls 
and  the  races.  The  experience  of  the  New  Departure 
engineers  corroborates  the  results  obtained  by  Messrs. 
Crain  and  Brodie  but  we  cannot  agree  with  the  reasons 
advanced  for  the  reduction  in  noise,  as  the  very  heavy 
unit-pressures  at  the  contact  points  of  the  balls  with  their 
races  absolutely  preclude  the  presence  of  an  oil-film  in  the 
commonly  accepted  sense  of  the  term  and,  therefore,  it 
seems  that  some  other  reason  should  be  assigned  for  the 
reduction  of  noise. 

A  study  of  the  noise  problems  indicates  that  there  are 
two  main  causes,  namely,  noise  due  to  faulty  tooth-con- 
tact arising  either  from  an  imperfect  tooth-form  or  from 
a  misalignment  of  the  transmission  parts  in  assembly, 
and  the  secondary  cause  that  might  be  traced  to  the  in- 
herent structure  of  the  bearings  themselves  and  their 
mounting.  The  trained  ear  can  easily  distinguish  be- 
tween the  two  causes  of  noise,  that  caused  by  the  bearing 
being  a  distinct  whistle  and  that  from  the  gears  a  growl. 
In  many  cases  the  modification  of  the  bearing  structure 
and  mounting  will  alleviate  the  noise  due  to  faulty  tooth- 
contact  of  form.  Our  experience  indicates  that  there  is 
no  general  rule  as  to  the  degree  of  modification  of  the 
bearing  structure  that  will  lessen  noise  in  all  cases.  Each 
particular  transmission  is  a  study  in  itself,  the  design  of 
the  transmission  housing  having  a  very  great  influence  on 
the  degree  of  amplification  of  noise  vibrations. 

As  a  general  thing,  attempts  have  been  made  to  use 
ball  bearings  with  no  radial  clearance,  little  regard  being 
paid  to  the  effect  of  the  expansion  of  the  inner  race  due 
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to  excessively  heavy  press-fits  on  shafts  and  to  too  tight 
fits  of  outer  races  in  housings.  When  assembled  under 
these  conditions,  the  bearings  themselves  will  have  a  dis- 
tinctive whistling  noise  due  to  the  vibration  set  up 
through  the  metallic  parts  under  tension,  as  in  the  case 
of  a  piano  string.  Noise  such  as  this  can  be  decreased 
■or  practically  eliminated  entirely  through  the  lessening 
of  the  press  fit  on  the  shaft  and  the  reduction  or  elimina- 
tion of  the  tightness  of  the  fit  of  the  outer  race  in  the 
bearing  housing.  It  is  essential  that  the  outer  race  be 
not  a  tight  fit  in  its  housing,  due  to  the  fact  that  it  is 
practically  impossible,  as  a  production  proposition,  to 
produce  housings  accurately  round,  and  the  extension  of 
out-of-roundness  of  the  housing  is  transmitted  to  the 
ball  race  of  the  bearing  on  account  of  the  deformation  of 
the  outer  race. 

An  example  of  the  influence  of  the  housing  out-of- 
roundness  on  the  race  ring  may  be  cited  from  an  experi- 
ment conducted  with  a  light  aluminum  housing  of  an 
average  thickness  of  0.1870  in.  about  the  bearing  seat 
which  when  accurately  measured  was  found  to  be  0.0006 
in.  out-of-round  in  the  bore.  Into  this  was  inserted  with 
a  very  light  press-fit,  a  plain  bearing  ring  of  high-carbon 
chrome  steel,  having  a  width  of  0.6693  in.,  a  section  of 
0.2960  sq.  in.  and  a  base  diameter  of  2.4410  in.,  which 
was  lapped  to  a  perfect  ring  on  both  the  outer  diameter 
and  the  bore,  and  accurately  measured  before  insertion 
into  the  housing.  Upon  being  inserted  into  the  housing 
which,  as  has  been  previously  said,  was  approximately 
0.0006  in.  out-of-round,  the  bore  of  the  ring  was  found 
to  be  0.0004  in.  out-of-round.  Upon  the  reduction  of  the 
fit  in  the  housing  from  a  press  to  a  push  fit,  the  out-of- 
roundness  of  the  ring  was  eliminated.  The  expansion  of 
inner-race  rings  of  bearings  due  to  press  fits  on  shafts 
is  likewise  often  neglected.  Investigations  have  shown 
that  the  increase  in  the  diameter  of  the  inner  raceway  is 
dependent  on  two  things:  the  amount  of  fit  used  and 
the  relation  of  the  race  thickness  to  the  shaft  diameter. 

A  study  of  the  chart  at  the  left  of  Fig.  1  will  show 
that  a  press  fit  greater  than  0.0005  in.  Is  detrimental, 
because  the  race  expansion  increases  very  rapidly  above 
this  point,  and  is  also  liable  to  make  trouble  in  assembly 
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Fig.  1 — The  Chart  at  the  Left  Shows  the  Relation  between 
the  Shaft  Diameter  and  the  Expansion  op  a  Cone  Raceway  in 
a  Ball  Bearing.  While  the  Drawing  at  the  Right  Illustrates 
How  Much  It  Is  Possible  fop.  the  Shaft  on  Which  the  Inner 
Raceway  Is  Mounted  To-  Deflect  before  the  Uppermost  Balls 
Make   Forced   Contact    with   the  Upper   Portion   of  the  Outer 

Race 


due  to  scoring  of  the  shaft,  causing  insecure  seating  and 
possible  misalignment.  It  is  also  seen  that  for  a  given 
increase  in  the  shaft  diameter  the  expansion  of  the  cone 
raceway  is  greater  in  the  case  of  the  No.  1310  bearing 
than  in  that  of  the  No.  1307. 

Considering  the  fact  that  the  bearing  is  used  merely 
to  support  the  rotating  members  and  not  as  a  means  of 
transmitting  torque,  the  use  of  an  excessive  press-fit  is 
not  necessary.  The  press  fit  need  be  only  great  enough 
to  assure  that  the  circumference  of  the  shaft  is  larger 
than  that  of  the  cone  bore,  in  which  case  no  slippage 
can  occur  and  consequently  no  wear  or  peening  of  the 
shaft  take  place. 

It  is  the  practice  of  the  New  Departure  Mfg.  Co.  in 
the  production  of  its  ball  bearings  to  allow  sufficient 
radial  clearance  between  the  balls  and  their  races  to  com- 
pensate for  inner-race  expansion  due  to  average  press- 
fits  not  in  excess  of  0.0005  in.  and  in  addition  to  allow 
a  very  slight  excess  of  clearance  to  take  care  of  the  pos- 
sible misalignment  of  bearings  in  housings  or  of  the 
transmission  shafts  in  assembly. 

A  fact  that  is  not  as  generally  recognized  as  it  should 
be  is  that  in  properly  constructed  ball-bearings  provided 
with  slight  amounts  of  radial  clearance  there  is  very 
marked  ability  to  operate  satisfactorily  under  conditions 
of  shaft  and  housing  misalignment.  This  is  due  to  the 
fact  that  in  the  presence  of  clearance  with  other  than 
gravitational  load,  the  inner  race  and  the  lower  balls  will 
establish  perfect  contact  with  the  outer  race  at  the  lower 
side,  leaving  all  of  the  clearance  on  the  upper  side  be- 
tween the  uppermost  balls  and  the  outer  race,  so  that, 
as  illustrated  at  the  right  of  Fig.  1,  the  shaft  upon  which 
the  inner  race  is  mounted  can  deflect  about  a  suitable 
angle  before  the  uppermost  balls  come  into  force  contact 
with  the  upper  portion  of  the  outer  race.  Under  actual 
running  conditions  the  clearance  between  the  uppermost 
balls  is  greater  than  under  static  conditions,  due  to  the 
deformation  of  the  races  and  the  balls  under  load,  so  that 
the  angularity  of  shaft  deflection  transmittable  under 
these  conditions  is  in  direct  proportion  to  the  amount  of 
load  on  the  bearings. 

It  will  be  seen  that,  if  the  radius  of  curvature  of  the 
outer  race  approximates  the  radius  of  the  ball  too  closely, 
the  ability  of  the  bearing  to  withstand  ordinary  deflec- 
tion misalignments  is  greatly  reduced,  in  spite  of  the  fact 
that  there  may  be  built  into  the  bearing  a  relatively  large 
amount  of  radial  clearance. 

Our  experience  has  indicated  that  it  is  possible  to  les- 
sen seriously  the  availability  of  a  given  bearing,  through 
the  establishment  of  too  close  race  curvatures,  espe- 
cially in  the  outer  race,  to  carry  ordinary  deflections  or 
misalignments  without  excessive  noise.  While,  in  a  prop- 
erly designed  and  manufactured  ball-bearing,  a  limited 
amount  of  radial  play  is  desirable  for  the  reasons  given 
above,  it  can  be  seen  readily  that  excessive  radial  clear- 
ance may  become  detrimental  to  the  load-carrying  ability 
of  the  bearing  in  that  when  there  is  excessive  radial 
clearance  the  diameter  of  the  ball  race  in  the  outer  race 
is  materially  greater  than  the  sum  of  the  diameters  of 
the  ball  race  of  the  inner  race  plus  two  ball  diameters, 
causing  the  radial  load  of  the  bearing  to  be  carried  on 
two  or  three  balls  rather  than  on  half  of  the  balls  in 
the  bearing. 

As  stated  by  Messrs.  Crain  and  Brodie,  it  is  practically 
impossible  to  measure  radial  play.  We  therefore  advo- 
cate that  the  measurement  of  end  play  under  a  known 
load  be  used  as  an  indication  of  the  radial  clearance  exist- 
ing in  the  bearing.  It  is  well  to  remember  that  this 
means  of  measuring  is  only  an  indication,  as  the  mathe- 
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matical  relation  of  the  radial  clearance  to  the  end  play 
is  dependent  on  the  percentage  of  the  ball  diameter  to 
which  the  race  radius  is  ground  and  a  very  slight  change 
in  this  percentage  makes  a  relatively  large  change  in  the 
end  play  obtained  for  a  given  amount  of  radial  clearance. 


The  race  radius  on  all  high  quality  ball-bearings  is 
ground  by  a  generating  grinder  and  any  change  in  the 
race  diameter  from  the  standard  set-up  causes  an  equal 
change  in  the  race  radius,  therefore  causing  a  variation 
in  tne  end-play  relation  to  the  radial  clearance. 


SOME  UNIQUE  FEATURES  OF  AUTOMOBILE 

PRODUCTION 


BY  WILLIAM  DUNK 


THE  author  discusses  the  Franklin  automobile  de- 
signs in  regard  to  the  production  of  an  air-cooled 
cylinder,  the  making  of  case-hardened  crankshafts  and 
the  machining  of  duralumin  connecting-rods,  comment- 
ing also  upon  experiments  made  with  a  view  to  pro- 
ducing hot-swaged  rear-axle  drive-shafts. 

The  unit-cylinder  construction  of  the  Franklin  en- 
gine, with  the  cylinder-head  cast  integrally  with  the 
body  of  the  casting  and  steel  cooling-fins  cast  in  the 
outer  surface  of  the  cylinder-wall,  presents  a  different 
problem  from  that  of  machining  cylinders  cast-in- 
block,  and  the  procedure  is  described  in  some  detail, 
inclusive  of  the  machine  tools  used.  The  case-hardened 
crankshaft  and  the  duralumin  connecting  -  rod  are 
treated  in  a  similar  manner.  The  experiments  in  the 
manufacture  of  a  hot-swaged  rear-axle  drive-shaft 
have  extended  over  the  past  18  months,  but  have  not 
yet  justified  quantity  production  by  this  method. — 
[Printed  in  the  November,  1922,  issue  of  The  Jour- 
nal.] 

THE  DISCUSSION 

K.  L.  Herrmann: — What  percentage  of  cylinder  scrap 
does  the  Franklin  company  have  in  connection  with  its 
production  of  cylinders? 

W.  H.  WORTHINGTON: — In  connection  with  bearings, 
what  lubricating  system  is  employed?  Of  what  material 
are  the  bearings  made?  Is  the  bearing  surface  of 
bronze  or  of  babbitt  metal?  What  clearance  for  oil  is 
provided  in  the  selective  reaming? 

J.  H.  Clark: — Are  oil-grooves  used  in  connecting-rods 
and  camshaft  bearings? 

R.  H.  Weinert: — Why  is  it  necessary  to  produce  a 
smooth  finish  on  the  axle-shafts?  Is  it  because  this 
finish  is  necessary  for  some  of  the  operations?  What 
effect  does  scaling  have?  On  the  axles  that  we  produce 
we  always  have  scaling  marks,  but  we  find  that  they  do 
not  affect  our  production  in  any  way. 

E.  Planche: — What  percentage  of  rejection  does  the 
Franklin  company  have  on  duralumin  connecting-rods? 
Does  it  have  any  breakage  ? 

Robert  K.  Jack: — Is  any  trouble  experienced  in  cold 
weather  due  to  this  type  of  engine  cooling  off  very  rap- 
idly when  it  is  stopped,  on  account  of  the  absence  of 
water  around  the  bores,  which,  on  a  water-cooled  engine, 
retains  its  heat  for  a  considerable  length  of  time.  Is  it 
necessary  to  carry  a  larger  battery  than  would  be  re- 
quired for  a  water-cooled  engine  of  the  same  displace- 
ment, due  to  the  extra  drain  on  the  battery  from  re- 
peatedly cranking  a  cold  engine? 

T.  J.  Li'tle,  Jr.: — What  is  the  compression  pressure  of 
the  Franklin  engine?  How  much  weight  was  saved  by 
the  use  of  the  duralumin  connecting-rod  instead  of  the 
former  steel  rod? 

President  Bachman: — I  am  interested  in  the  por- 
tions of  the  paper  relating  to  the  case-hardened  crank- 
shaft, scleroscope  values  of  80  to  100  being  mentioned. 
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Has  any  of  the  experimental  work  indicated  a  remark- 
able difference  between  these  values  and  values  in  the 
neighborhood  of  70?  What  has  been  the  experience 
with  regard  to  copper-plating  surfaces  of  the  crankshaft? 
Are  any  preliminary  finishing  operations  necessary  to 
get  a  reasonably  smooth  surface  on  the  crankshaft  for 
that  purpose,  or  does  the  ordinary  finish  cover  the  matter 
satisfactorily? 

B.  M.  Leece: — I  request  information  particularly  in 
regard  to  the  hardening  die  used  on  the  crankshaft. 

Mr.  Herrmann: — In  the  Studebaker  plants  we  roll 
axle-shafts  instead  of  swaging  them.  We  use  no  die 
in  rolling  them,  we  require  but  one  heat  and  the  ma- 
chinery stands  up  and  gives  us  no  trouble  at  all.  The 
swaging  of  the  crankshaft  may  be  a  different  proposi- 
tion entirely. 

H.  P.  Harrison': — In  answer  to  Mr.  Herrmann's  re- 
marks, I  would  say  that  our  engineers  have  designed  a 
rear-axle  drive-shaft  that  is  extremely  light.  For  this 
reason  they  insist  on  a  perfect  circular  section  of  the 
shaft  and  a  perfect  taper  from  the  large  to  the  small  end. 
We  have  not  been  able  to  convince  them  that  we  could 
produce  a  rolled  shaft  which  would  be  good  enough  to 
meet  their  requirements. 

Foundry  scrap,  in  connection  with  the  cylinder,  aver- 
ages about  10  per  cent.  We  realize  that  this  is  rather  a 
small  figure,  but  it  is  made  so  by  the  fact  that  the  cooling 
fins  are  inserted  in  the  cylinder  wall  only  1/16  in.  Should 
we  insert  them  any  deeper  than  that,  we  would  surely  have 
trouble  with  cylinders  splitting  in  service  on  account  of 
the  extremely  thin  wall  left  between  the  bottom  of  the 
flange  and  the  bore  of  the  cylinder.  The  amount  of  our 
machine-shop  scrap  runs  very  low;  1  per  cent  will  cover 
it  at  all  times.  I  believe  that  this  is  due  primarily  to 
an  excessively  good  inspection  of  the  cylinder  castings 
and  the  comparatively  simple  machining  operation  that 
the  unit  cylinder  requires. 

We  use  a  pressure  system  of  lubrication  with  a  central 
oil-pump,  carrying  a  pressure  of  about  80  lb.  per  sq.  in 
for  the  main  and  crankpin  bearings.  The  bearing  metal 
is  a  hard  type  of  die-cast  babbitt.  We  do  not  use  what 
are  considered  true  oil-grooves  in  the  Franklin  bearing, 
but  simply  a  small  pocket  that  is  cast  entirely  through 
the  back  of  the  bearing,  making  an  opening  about  5/16 
in.  wide  and  Vi  in.  long.  This  connects  directly  with  an 
oil  lead  from  the  pump. 

The  oil  clearance  that  we  use  with  the  selective  method 
of  reaming  is  0.001  in.  We  find  that  this  gives  a  very 
quiet  engine  and  at  the  same  time  a  new  engine  is  free 
enough  to  start  easily. 

My  answer  to  Mr.  Herrmann  explains  somewhat  the 
reason  our  engineers  insist  on  a  smooth  finish  on  the  rear- 
axle  drive-shaft.  We  are  working  so  close  to  the  ulti- 
mate strength  of  this  shaft  that  we  cannot  have  the  least 
suspicion  of  an  abrasion  in  the  surface  of  the  shaft  at 
the  neck.    The  scaling  that  I  mentioned  seems  to  have  the 
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effect  of  making  rather  deep  abrasions  during  the  swag- 
ing process. 

We  have  never  had  a  duralumin  connecting-rod  fail  in 
service.  This  is  rather  a  remarkable  record  for  putting  a 
new  part  like  that  into  an  engine  but,  as  yet,  we  have 
experienced  no  trouble  whatever  from  this  source. 

In  regard  to  starting  the  Franklin  engine  in  cold 
weather,  due  to  the  excessive  cooling  effect  of  the  fan  as 
soon  as  the  engine  is  started  up  with  the  starting  motor, 
we  use  an  electric  primer  in  connection  with  the  carbu- 
reter; it  is  used  to  warm  the  gasoline  itself  before  it 
passes  into  the  venturi  tube  and  so  on  into  the  manifold. 
This  has  the  result  of  vaporizing  the  starting  charge 
quickly.  We  experience  no  trouble  whatever  in  starting 
in  cold  weather. 

The  pressure  cooling-system  we  are  using  now  allows 
us  to  carry  a  compression  pressure  of  about  4  atmos- 
pheres, which  gives  us  considerable  increase  in  power 
over  that  of  the  engine  we  have  just  abandoned. 

The  relative  weights  of  the  steel  connecting-rod  for- 
merly used  and  the  duralumin  connecting-rod  we  are 
using  now  are  as  follows:  the  steel  rod  weighed  slightly 
more  than  2  lb.;  the  duralumin  rod  weighs  but  13  oz. 
This  decreased  weight  has  the  direct  effect  of  reducing 
the  amount  of  engine  vibration.  The  steel  rod  was  de- 
signed for  a  crankpin  bearing  of  only  1%-in.  diameter, 


while  the  duralumin  rod  was  made  to  take  a  2-in.  crank- 
pin  bearing. 

We  have  had  some  shafts  go  through  which  sclero- 
scoped  as  low  as  75  at  some  points,  and  they  gave  us  no 
trouble  at  all.  The  principal  reason  for  keeping  the  re- 
quirements as  high  as  they  are  is  to  endeavor  to  reach 
the  maximum  rather  than  to  lower  the  requirements, 
which  might  induce  the  heat-treating  department  to  make 
an  insufficient  effort  to  get  a  shaft  that  can  really  be 
called  hard. 

In  preparing  the  crankshaft  for  copper-plating,  we  do 
not  find  it  necessary  to  machine  the  surfaces  that  are  to 
be  plated.  The  forging  is  simply  blasted  with  metal- 
abrasive  shot,  and  the  copper-plating  is  applied  directly 
to  the  surface.  We  have  had  no  trouble  due  to  failure  of 
the  copper  to  adhere  properly  to  the  forged  surfaces.  It 
is  necessary  to  have  the  copper  adhere  only  long  enough 
to  take  the  shaft  through  the  carburizing  process. 

The  hardening  die  we  use  is  an  evolution  of  many 
ideas  that  we  tried  out.  It  operates  exactly  like  a  pair 
of  hinged  doors  that  have  V-blocks  on  their  inner  sur- 
faces. The  V-blocks  are  made  of  high-speed  steel  and 
have  contact  points  on  the  bearing  surfaces  only  3/16  in. 
wide.  There  are  eight  of  these  contact  points  on  each 
bearing,  and  they  cover  a  very  small  area  when  compared 
with  the  total  bearing  area  of  the  bearing  in  question. 


SOME  CAUSES  OF  GEAR-TOOTH  ERRORS  AND 

THEIR  DETECTION 


BY   K.   L.   HERRMANN 


rPHE  different  gear  noises  are  classified  under  the 
*  names  of  knock,  rattle,  growl,  hum  and  sing,  and 
these  are  discussed  at  some  length,  examples  of  de- 
fects that  cause  noise  being  given  and  a  device  for 
checking  tooth  spacing  being  illustrated  and  described. 
An  instrument  for  analyzing  tooth-forms  that  produce 
these  different  noises  is  explained  and  illustrated. 

Causes  of  the  errors  in  gears  may  be  in  the  harden- 
ing process,  in  the  cutting  machines  or  in  the  cutters. 
A  hobbing  machine  is  used  as  an  example  and  its  pos- 
sibilities for  error  are  commented  upon.  Tooth-forms 
are  illustrated  and  treated  briefly,  and  the  hardening 
of  gears  and  the  grinding  of  gear-tooth  forms  are  given 
similar  attention. —  [Printed  in  the  November,  1922, 
issue  of  The  Journal.] 

THE  DISCUSSION 

J.  F.  Rand: — Were  the  gears  that  we  have  been  dis- 
cussing finished  in  one  cut?  If  not,  how  much  material 
was  left  on  them  for  the  finisher?  What  type  of  ma- 
chine finished  them,  a  hobbing  or  a  gear-shaping  ma- 
chine? We  find  it  advisable  to  attempt  to  build  a  special 
machine  of  our  own  to  overcome  the  indexing  trouble 
mentioned. 

0.  Lindberg: — We  have  found  it  impossible  to  pro- 
duce an  accurate  gear  with  a  gear-hobbing  machine.  We 
have  used  gear-hobbing  machines  only  for  roughing  pur- 
poses, and  use  a  gear-shaping  machine  for  finishing. 

C.  F.  Scott: — Many  of  the  British  and  French  cars 
are  built  with  relatively  small  engines  for  economical 
reasons.  The  cars  are  fitted  with  four-speed  gearboxes 
and  much  gearshifting  is  necessary,  which  might  not  be 
acceptable  in  this  Country.  These  gearsets  are,  some 
of  them,  direct-drive  on  third,  and  some  drive  direct  on 
fourth  speed  but,  in  any  event,  at  one  of  the  two  top 
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speeds  they  would  be  comparatively  noisy.  Would  the 
noise  at  either  top  speed  be  considered  excessive  in  ac- 
cordance with  American  standards,  or  is  the  transmission 
fairly  quiet?    If  so,  how  do  they  make  it  quiet? 

Mr.  Rand: — What  is  Mr.  Herrmann's  opinion  regard- 
ing just  how  far  one  can  go  with  spiral  angles?  In 
other  words,  suppose  a  30-deg.  spiral  angle  on  a  given 
diameter  of  gear  of  a  certain  pitch,  is  it  an  advantage  to 
go  over  30  or  35  deg.  ?  What  is  the  limiting  factor  on 
that  spiral  angle? 

A.  J.  Baker':  —  The  essential  point  Mr.  Herrmann 
brought  out  is  how  difficult  it  is  to  maintain  the  proper 
operation  of  the  gear-cutting  machine.  When  it  is  con- 
sidered that  this  machine,  no  matter  of  what  type,  is 
composed  of  two  rotating  members,  each  subject  to  eccen- 
tricities due  to  the  initial  errors  brought  about  during 
their  manufacture,  and  that  those  errors  can  be  added  to 
by  temperature  conditions,  stresses,  material  variations 
and  relative  dullness  of  the  cutting  portions,  we  are 
forced  to  the  conclusion  that  the  whole  principle  is  wrong. 

It  is  of  little  use  to  make  a  statement  of  that  kind 
unless  some  constructive  criticism  is  offered.  Do  the 
gear-cutting-machine  builders  give  any  consideration  to 
the  use  of  a  single-point  finishing-tool,  such  as  a  broach, 
in  conjunction  with  the  rotating  work,  so  as  to  eliminate 
all  of  those  points  that  give  trouble?  I  have  in  mind 
that  a  single-point  tooth  for  the  actual  finishing  tool  can 
be  made  far  more  accurately  than  it  is  possible  to  produce 
a  number  of  cutting  tools,  each  of  which  has  a  different 
relation  to  the  true  axis  of  rotation.  That  is  applicable, 
I  believe,  to  only  a  straight  spur-gear,  but  we  would  all 
be  happy  if  we  could  eliminate  some  of  our  spur-gear 
troubles. 

Mr.  Drummond: — The  indicating  apparatus  shown  by 
Mr.  Herrmann  is  well  known  to  me.     I  admire  the  w7ork 
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that  he  has  done.  He  is  more  or  less  a  pioneer  in  the 
study  of  tooth-form.  The  efforts  to  develop  mechanisms 
for  measuring  gear  teeth  are  very  worthy.  Many  types 
of  measuring  apparatus  are  being  offered  today.  In  the 
interest  of  good  gearing,  they  should  be  given  careful 
attention  because  they  are  worthwhile. 

I  am  also  interested  in  grinding  operations  and  in 
tooth-form  error  or  distortion.  The  transmission  Mr. 
Herrmann  is  working  on  is  one  of  the  most  difficult  trans- 
missions in  America  to  make  quiet.  It  is  a  combination 
of  16  and  32-tooth  gears  and  a  rear  gear  having  13  teeth 
that  drives  a  14-tooth  gear.  The  teeth  are  stub  teeth  and 
the  pressure-angle  is  141,  •>  deg.  If  you  will  figure  it  out 
and  then  cut  some  of  these  gears  in  your  own  factories,  I 
think  you  will  look  at  the  charts  again  with  more  in- 
terest and  pay  greater  attention  to  the  subject  of  measur- 
ing gear-tooth  form.  The  transmission  in  question  is 
hard  to  build,  but  this  is  being  done  successfully. 

Mention  was  made  of  a  machine  that  would  have  a 
broaching  action.  Gear  teeth  can  be  and  have  been 
broached.  We  are  using  the  shaping-type  machine  with 
a  grinding-wheel  form  to  fit  the  two  sides,  which  is  more- 
or-less  similar  to  the  broach  in  its  action.  Regardless  of 
our  own  individual  method  of  doing  this  work,  we  think 
that  the  future  of  the  industry  lies  in  the  direction  of 
doing  final  work  after  the  distortion  takes  place.  We  are 
not  opposed  in  any  way  to  doing  it  by  any  other  method, 
but  I  think  there  will  be  difficulty  in  making  hardened 
gears  until  we  do  final  work  after  distortion. 

The  variation  in  gears  that  Mr.  Herrmann  speaks  of 
sometimes  takes  peculiar  form.  We  have  on  record  a 
gear  that  had  a  number  of  teeth,  going  half-way  around 
the  gear,  with  an  index  error  as  high  as  0.015-in.,  but 
gear  noise  in  the  transmission  was  remarkably  slight. 

Mr.  Herrmann: — It  is  true  that  grinding  can  be  re- 
sorted to.  We  have  had  rather  wonderful  success  with 
such  a  machine  for  the  past  2  months.  In  this  particular 
grinding  process,  however,  it  is  necessary  that  the  gear 
be  fairly  accurate;  otherwise  the  output  of  the  machine 
is  very  limited.  We  are  getting  gears  with  less  than 
0.4-per  cent  rejection  when  ground  on  this  machine. 
However,  grinding  alone  does  not  solve  the  problem.  We 
do  not  need  to  harden  some  gears.  Some  gears  are  spiral. 
They  involve  a  somewhat  more  expensive  process  than 
we  can  afford  to  use  in  connection  with  a  medium-price 
car.  Spiral-bevel-gear  grinding  is  unknown  to  us  at  this 
time. 

The  gears  mentioned  in  the  paper  were  roughed-out 
first  and  then  finished  in  a  more  accurate  machine  that 
is  more  carefully  maintained.  It  is  possible  to  hob  an 
accurate  gear.  Gears  can  be  hobbed  as  accurately  as  they 
can  be  cut  on  a  shaping  machine. 

The  practice  in  Europe  is  entirely  different  from  that 
in  America.  Some  years  ago  I  worked  as  a  toolmaker 
at  the  Napier  plant  in  London.    When  producing  only  a 


few  cars  per  week,  many  things  can  be  done  that  cannot 
be  done  in  large  production.  European  gears  are  much 
quieter.    The  work  put  upon  them  makes  them  so. 

I  do  not  know  whether  a  30-deg.  spiral  angle  is  better 
than  45  deg.,  which  we  use  to  a  large  extent.  The  spiral 
angle,  as  well  as  the  pressure-angle,  and  tooth  heights  of 
full  or  short  length,  seem  to  have  very  little  to  do  with 
the  matter  if  the  other  errors  are  within  proper  limits. 
I  prefer  the  steeper  angle. 

As  to  the  necessity  of  a  new  gear-cutting  machine, 
most  of  the  important  gear-cutting-machine  builders  are 
designing  new  machinery. 

Silent  chains  help  to  reduce  noise  in  a  motor  car.  They 
offer  many  problems.  I  refer  you  to  the  service  divi- 
sions of  the  companies  that  use  them.  Accuracy  of  gear- 
tooth  form  is  necessary;  otherwise  silent  chains  are  noisy. 
The  same  principles  that  have  been  discussed  here  in 
connection  with  gears  can  be  discussed  in  connection  with 
silent  chains. 

After  we  do  the  best  we  can  with  gears  and  get  them 
just  as  nearly  right  as  we  can  measure,  the  gear  situ- 
ation costs  the  motor-car  manufacturers  $11,000  per  day. 
We  estimate  that  this  figure  represents  the  lowest  pos- 
sible amount  that  is  being  spent  on  this  problem. 

A.  B.  Reynders: — One  of  the  principal  reasons  for 
using  plain  bearings  on  lighting  generators  is  the  quieter 
operation  in  comparison  with  ball  bearings  running  at 
high  speeds. 

Owing  to  the  fact  that  no  absolute  standard  of  noise 
is  available,  there  are  about  as  many  different  opinions 
with  regard  to  quiet  operation  as  there  are  persons  judg- 
ing the  apparatus.  To  eliminate  this  difference  of 
opinion  we  should  have  some  sort  of  a  noise-measuring 
device  or  some  kind  of  a  standard.  At  present  we  select 
a  machine  which,  in  the  opinion  of  a  number  of  people,  is 
considered  quiet.  This  machine  is  set  aside  as  a  stand- 
ard and  production  is  obtained  by  making  comparisons 
with  this  standard.  Is  a  more  accurate  method  avail- 
able at  the  present  time  in  the  manufacture  of  automotive 
parts  ? 

Mr.  Planche  : — It  is  a  recognized  fact  that  gear  noise 
is  very  intimately  connected  with  the  pitch  sizes  of  gears. 
A  noise  is  created  by  a  metallic  vibration.  This  metallic 
vibration  is  produced  by  the  impact  of  one  gear  tooth 
against  another.  The  greater  the  pitch  for  a  given  diam- 
eter, the  greater  is  the  interval  between  each  impact  for 
the  same  speed.  I  am  sure  that,  if  the  engineers  would 
turn  their  thoughts  to  the  utilization  of  a  smaller  tooth- 
pitch,  widening  the  gear  if  necessary  to  preserve  the 
strength,  many  of  our  gear  problems  would  be  eliminated 
or  greatly  decreased.  To  confirm  this  opinion,  we  have 
only  to  study  the  steam  turbine  in  which  the  use  of  small- 
pitch  spiral-type  gears  of  great  width  has  been  very  suc- 
cessful in  transmitting  power  with  the  minimum  amount 
of  noise. 


THE  GROUP-BONUS  WAGE-INCENTIVE  PLAN 


BY  E.  KARL  WENNERLUND 


THE  author  states  that  the  purposes  of  every  plan 
of  wage  incentive  are  to  stimulate  the  worker  to  a 
greater  effort  than  is  generally  obtained  on  a  straight 
day-work  basis;  to  reward  him  somewhat  in  propor- 
tion to  his  effort;  and  the  gaining  of  other  advan- 
tages such  as  greater  attention  to  conditions  that  cur- 
tail production,  more  uniform  labor  costs  and  the 
elimination  of  inefficient  employes.  He  states  further 
that  nearly  all  industries  engaged  in  repetitive  work 
are  now  on  an  incentive  basis. 


After  outlining  the  most  successful  wage-incentive 
plans  and  enumerating  some  of  the  conditions  that 
must  be  met,  inclusive  of  four  specific  fundamental 
principles  of  industry  that  are  stated,  the  group-bonus 
plan  is  explained  and  the  application  of  group  stand- 
ard-time is  discussed  at  some  length,  supplemented  by 
tabular  data.  Experience  with  grouping  is  then  re- 
lated and  conditions  favorable  to  grouping  are  men- 
tioned. The  summary  states  that  the  group  plan,  like 
any  other  wage-incentive  plan,  has  for  its  main  objec- 
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tive  intensive  production. —  [Printed  in  the   November, 
1922,  issue  of  The  Journal.] 

THE  DISCUSSION 

Chairman  H.  W.  Alden: — What  effect  has  this  group- 
bonus  wage-incentive  plan  had  on  the  inspection  problem 
in  the  plant?  Has  it  decreased  the  ratio  of  inspectors  to 
producers  and  improved  the  general  quality  and  output 
of  the  product? 

A.  J.  Scaife: — How  is  the  individual  rewarded  in  each 
group?  How  does  the  reward  of  the  man  old  in  the 
service  compare  with  that  of  the  man  just  employed,  and 
how  do  the  rewards  of  the  efficient  and  the  inefficient 
workers  differ? 

James  H.  Marks: — What  procedure  is  followed  with 
respect  to  his  bonus  in  the  case  of  a  man  who  is  dis- 
charged or  quits  during  the  pay  period? 

We  also  have  installed  a  group-bonus  system  in  our 
plant  that  is  very  similar  to  that  of  Mr.  Wennerlund,  al- 
though I  believe  that  our  groups  as  a  whole  are  somewhat 
larger  than  his,  as  we  have  grouped  entire  departments. 
The  basis  of  bonus  that  we  use  is  certain  standards  of 
efficiency  that  we  have  determined  for  machine  operators, 
assembly  men,  molders,  steam-hammer  men  and  others. 
We  have  set  various  standards  of  efficiency  rather  than 
use  one  of  80  per  cent  as  described  by  Mr.  Wennerlund. 
We  offer  a  1-per  cent  bonus  for  each  point  that  the  group 
efficiency  exceeds  the  predetermined  standard  of  effi- 
ciency. We  take  care  to  have  varying  rates  per  hour  for 
the  different  employes  in  the  group,  in  proportion  to 
their  speed  and  ability.  What  is  meant  when  the  effi- 
ciency of  the  group  exceeds  100  per  cent? 

S.  W.  Taylor: — I  worked  for  Mr.  Wennerlund  for  a 
number  of  years.  We  based  our  time-studies  on  100-per 
cent  production  for  the  good  average  worker. 

J.  C.  William  Smith  : — At  the  Willys-Overland  plant 
in  Toledo  we  use  a  similar  plan,  but  it  is  straight  piece- 
work and  each  man  in  the  group  is  assigned  a  specific 
piece-price  that  is  paid  him  for  each  operation  he  per- 
forms. For  example,  in  our  gear-housing  group  there 
are  eight  Gisholt  machines,  together  with  numerous  other 
machines ;  if  the  group  turns  out  500  housings  at  the 
end  of  the  line,  for  the  day,  we  pay  each  man  in  the 
group  for  500  housings.  Where  there  is  more  than  one 
machine  on  the  same  operation,  as  in  the  case  of  the 
eight  Gisholts,  the  pay  is  divided  equally  between  the 
eight  men,  if  agreeable  to  them.  If  not,  each  man  is 
paid  for  the  number  of  housings  on  which  he  performed 
the  operation,  but  the  total  paid  for  does  not  exceed  500. 
The  foreman  makes  the  decision  as  to  the  number,  if  the 
men  do  not  agree.  In  this  way  we  have  done  away  en- 
tirely with  the  job  tickets  mentioned  by  Mr.  Wenner- 
lund. The  method  obviates  paying  for  the  gear  housings 
before  they  are  actually  received.  It  gives  us  the  in- 
dividual efficiency  of  each  operator  and  reduces  the  num- 
ber of  our  inspectors,  checkers  and  truckers,  as  the  work 
does  not  touch  the  floor.  It  demonstrates  to  each  man 
that  he  is  paid  exactly  for  the  work  performed.  We  use 
guaranteed  piece-work  prices  and  the  price  is  not  changed 
before  the  end  of  a  year. 

W.  G.  Careins: — I  am  connected  with  the  Milwaukee 
plant  of  the  Nash  Motors  Co.  We  use  group-bonus  plans. 
We  use  some  straight  piece-work  and,  in  fact,  we  are  not 
partial  to  any  one  system,  but  use  what  we  think  is  best 
adapted  to  the  particular  line  of  work  in  hand.  In  case 
a  new  man  comes  into  a  group  to  perform  an  operation 
that  requires  some  time  for  him  to  become  proficient  in 
it  and  to  develop  a  standard  rate  of  production,  such  as 
the  instance  cited  of  the  Gisholt  machines,  we  would  pay 


him  the  day  rate  for  a  certain  length  of  time,  perhaps 
1  week,  10  days  or  3  days,  depending  upon  the  length 
of  time  needed  for  him  to  become  proficient.  The  other 
men  in  the  group  take  the  balance  of  the  pay  and  split  it 
among  themselves. 

In  some  departments  where  we  use  the  group-bonus 
plan  to  provide  an  incentive  to  different  classes  of  labor, 
we  have  what  we  call  Class  A,  Class  B  and  Class  C  men 
who  take  different  proportions  of  the  total  bonus-price. 
We  find  that  this  works  very  satisfactorily ;  for  instance, 
in  engine  tests,  where  a  certain  number  of  men  probably 
handle  the  hoists,  another  class  of  men  who  are  real  en- 
gine mechanics  do  the  class  of  work  they  are  fitted  for 
and  a  third  group  run  the  engines.  In  our  Kenosha, 
Wis.,  plant,  every  operation  is  individual  piece-work. 
This  plant  has  never  gone  into  the  bonus  plan  or  the 
group  plan  in  any  way. 

H.  K.  Reinoehl: — Must  the  group  be  kept  small  so 
that  the  individual  members  can  watch  each  other  for  the 
purpose  of  eliminating  the  poor  producer? 

E.  Bouton  : — In  a  group-bonus  plan,  how  are  costs 
maintained  level?  There  is  a  fluctuation  of  cost.  When 
does  Mr.  Wennerlund  arrive  at  a  true  cost,  or  an  actual 
cost? 

J.  L.  Lannen: — What  disposal  is  made  of  scrap? 

J.  A.  Murray  : — We  have  in  the  General  Motors  Truck 
Co.  plant  the  group-bonus  system,  which  was  installed 
under  Mr.  Wennerlund's  supervision.  We  have  been 
operating  this  system  for  about  2%  years  and  I  cannot 
say  enough  in  its  praise.  It  relieves  me  of  a  great  amount 
of  detail  that  we  had  to  work  out  when  operating  under 
the  individual-effort  system  and  has  reduced  consider- 
ably the  amount  of  clerical  work  in  both  our  time-keeping 
and  production  departments. 

We  have  approximately  525  machines  at  work  on  the 
group-bonus  plan  and  they  are  split  into  23  groups.  Each 
group  is  really  a  plant  in  itself,  inasmuch  as  there  is  a 
machine  in  each  group  or  division  for  each  operation 
and  the  work  flows  down  the  line  progressively,  passing 
only  from  machine  to  machine  and  never  jumping  across 
from  one  line  to  another. 

We  also  maintain  what  we  call  a  day-work  well.  This, 
is  built  up  when  we  install  a  line  of  machines  or  route 
new  parts  over  the  line.  It  naturally  follows  that  dur- 
ing the  tryuig-out  of  the  group  and  the  demonstration 
of  tools,  a  number  of  parts  are  made  which  we  pay  for  on 
the  day-work  basis.  This  number  of  hours  is  always  held 
back  from  the  operators  and  constitutes  what  we  call  a 
day-work  well.  We  consider  this  well  the  same  as  a  ma- 
chine, the  company  owning  it,  inasmuch  as  we  already 
have  paid  for  the  work  done  on  the  day-work  basis.  Our 
aim  is  to  pay  a  bonus  only  for  the  parts  actually  pro- 
duced on  bonus.  This  well,  as  you  will  see,  needs  to  be 
built  up  only  once,  and  we  maintain  it  until  a  group  is 
either  done  away  with  or  a  new  well  is  established. 

E.  Karl  Wennerlund  : — The  effect  of  the  group-bonus 
plan  upon  inspection  methods  is  that  inspection  must 
become  more  exacting  as  soon  as  an  incentive  plan  is 
inaugurated;  however,  that  is  true  of  every  plan.  For 
example,  the  highest  type  of  car  might  be  built  on 
straight  day-work  and  some  inspection  would  be  neces- 
sary ;  but  if  that  same  car  were  built  under  a  wage- 
incentive  plan  it  would  be  done  to  speed-up  production. 
Just  as  soon  as  production  is  speeded-up,  the  tendency,  at 
least,  is  for  the  quality  of  the  product  to  deteriorate.  I 
do  not  wish,  however,  to  convey  the  impression  that  the 
group-bonus  system  alone  would  cause  this  tendency  but, 
with  the  factory  oi'ganization  remaining  the  same,  addi- 
tional inspectors  are  needed  to  counteract  it. 
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In  regard  to  inspection  under  the  group-bonus  system 
as  compared  with  the  inspection  of  individual  piece-work, 
we  have  gradually  developed  certain  practices.  Under 
either  plan  there  is  the  same  inherent  tendency  to  speed- 
up production  and  for  quality  to  go  down;  so  every  piece 
or  a  certain  percentage  of  pieces  must  be  inspected  in 
any  event.  Inspection  is  not  eliminated  or  quality  im- 
proved simply  by  introducing  groups,  but  we  are  coming 
to  the  point  where  we  pay  for  the  good  product  only,  un- 
less it  can  be  shown  that  the  material  from  the  manu- 
facturer was  defective  or  had  defects  when  it  came  to 
the  department.  The  result  is  that  the  group  tries  to 
turn  out  better  work  instead  of  trying  only  to  get  the 
work  through. 

For  example,  in  a  plant  where  we  are  introducing  the 
group-bonus  plan  now,  armatures  for  starting  systems 
are  tested  and  a  certain  percentage  of  them  fails  to  pass 
inspection.  It  is  very  difficult  to  say  that  this  is  the 
fault  of  any  one  employe.  Formerly,  the  armatures  were 
laid  aside  and,  when  a  certain  number  of  them  had 
accumulated,  they  would  be  sent  through  on  a  day-work 
ticket  to  be  fixed.  It  was  not  practicable  to  deduct  the 
cost  from  anybody's  pay,  because  it  was  impossible  to 
determine  who  caused  the  trouble.  We  told  these  em- 
ployes that  we  would  pay  only  for  the  good  armatures 
and  that  we  had  found  the  defective  ones  to  constitute 
about  2  per  cent  of  the  total  number.  Therefore,  we  said 
we  would  add  2  per  cent  to  the  time  standard,  so  that,  if 
the  defects  ran  higher  than  that,  there  would  be  a  fine 
against  the  men.  On  the  other  hand,  if  this  proved  to  be 
unfair,  we  would  adjust  it.  Now,  when  a  defective 
armature  comes  through,  the  tendency  is  for  the  in- 
spector to -throw  it  back  into  the  line,  and  we  do  not  have 
to  get  the  elapsed  time  for  fixing  it.  We  used  to  get 
time  tickets  that  were  charged  to  expense. 

Defective  products  fall  into  one  of  two  classes;  the 
first  is  defective  work  that  can  be  corrected,  and  the 
other  is  simply  junk.  If  the  product  has  to  be  scrapped, 
this  is  done  just  the  same  as  under  the  individual-effort 
system.  If  it  can  be  fixed  on  the  line,  it  is  sent  back 
without  any  ticket  and  without  any  credits.  That  plan 
has  had  a  very  good  effect  in  standardizing  our  defective 
work. 

As  to  the  division  of  earnings,  there  may  be  a  man  in 
the  group  on  an  operation  that  requires  great  skill,  the 
result  of  years  of  service,  and  he  may  have  to  work  to 
limits  that  are  within  0.0005  in.  In  the  same  group  there 
may  be  a  boy  who  drills  little  pin-holes  on  a  vertical 
drilling  machine.  He  places  the  piece  in  a  jig  and  could 
not  spoil  it  if  he  tried.  Naturally,  the  skilful  man  should 
not  have  the  same  earnings  as  the  boy.  In  this  particu- 
lar case  we  paid  the  skilled  man  a  base  rate  of  60  cents 
per  hr.  and  the  boy  30  cents  per  hr.  The  efficiency  of 
that  group  at  the  end  of  the  pay  period  might  be  110-per 
cent  production.  If  so,  each  member  of  the  group  would 
get  a  32-per  cent  bonus  on  his  earnings.  If  each  worked 
100  hr.,  the  mechanic  would  get  $60  flat  rate  with  32  per 
cent  added  and  the  boy  would  get  $30  flat  rate  and  32 
per  cent  additional.  That  plan  takes  care  of  all  of  our 
division  of  earnings.  Sometimes  we  have  girls  working 
on  a  small  bench-operation  and  we  may  have  a  skilled 
mechanic  on  the  very  next  operation ;  it  would  not  be 
fair  to  them  or  to  any  one  to  divide  their  earnings 
equally. 

The  case  of  the  worker  who  is  discharged,  or  who 
quits,  was  a  little  troublesome  at  first.  We  used  to  tell 
them  we  would  give  them  straight  pay  and  that  at  the 
end  of  the  pay  period  we  would  give  them  the  bonus 
they  had  earned.     Sometimes  such  men  left  and  did  not 


know  where  they  were  going,  so  that  plan  did  not  work 
out  very  satisfactorily.  Furthermore,  our  State  law  is. 
rather  strict;  it  requires  that,  if  a  man  is  discharged,  he 
must  be  paid  that  same  day.  We  adopted  a  very  good 
working  rule  by  taking  the  average  efficiency  of  the 
group  up  to  the  end  of  the  previous  day,  and  figuring  the 
bonus  on  that  basis  for  the  workman  who  leaves  the 
service.  For  example,  suppose  the  pay  period  to  have 
extended  5  days  and  that  the  workman  quits  today  at 
noon.  He  might  be  discharged;  if  so,  we  are  compelled 
to  pay  him  his  actual  flat-rate  multiplied  by  the  hours  he 
has  worked,  the  same  as  for  straight  day-work.  But  we 
are  under  a  moral  obligation,  at  least,  to  pay  him  a  bonus ; 
so  we  take  the  efficiency  up  to  the  previous  night.  It 
may  be  90  or  100  per  cent,  and  it  may  not  be  the  same  as 
at  the  end  of  the  pay  period  but,  so  far  as  the  company 
is  concerned,  it  follows  the  law  of  averages,  being  some- 
times a  little  over  and  sometimes  a  little  under.  It  seems 
to  be  entirely  satisfactory  to  our  men,  and  we  have  had 
no  complaints.  A  man  seems  to  think  it  is  entirely  fair 
if  he  gets  his  straight  pay  plus  the  bonus  up  to  the  last 
night  on  the  basis  of  average  efficiency ;  so  it  has  worked 
out  very  simply. 

Concerning  the  size  of  a  group,  we  must  all  concede 
that  the  individual-effort  incentive  is  right,  and  we  find 
that  we  must  secure  the  individual  interest  of  the  em- 
ploye in  his  own  effort.  He  must  be  placed  right  next  to 
his  team-mates  and  on  similar  work.  In  isolated  cases 
one  can  do  almost  anything,  but  certain  fundamental 
principles  apply  to  groups  and  one  cannot  get  very  far 
away  from  them. 

We  started  a  complicated  job  recently  at  one  of  our 
large  factories  that  employs  about  2000  people.  The  first 
operation  was  performed  by  about  eight  girls  each  of 
whom  did  exactly  the  same  thing,  picking  up  little  bars 
and  measuring  them  with  micrometer  calipers.  The  next 
major  operation  was  assembling,  done  by  probably  8  to 
10  persons,  who  put  a  bushing  in  and  fastened  it.  The 
next  group,  8  to  10  men,  did  the  machine  work.  It  would 
be  a  mistake  to  put  all  of  these  operatives  in  one  gang 
or  one  group.  The  girls  on  the  first  operation  knew 
nothing  about  the  machine  work.  Assuming  that  the 
group  became  reduced  from  eight  to  seven  because  of 
one  who  quit,  seven  operatives  would  get  the  pay  of 
eight.  If  this  amount  were  spread  out  among  a  lot  of 
other  operatives,  the  group  would  not  get  the  benefit  of 
it;  so,  we  try  to  keep  our  groups  fairly  small,  to  localize 
the  interest.  When  we  wanted  to  group  the  girls  who 
performed  the  first  operation,  they  objected  on  the  ground 
that  two  of  them  were  slow  operators;  so,  the  slow  ones 
were  replaced  by  faster  workers. 

The  primary  object  of  the  group-bonus  plan  was  to  re- 
duce the  amount  of  clerical  work.  We  found  later  that 
this  is  only  a  minor  consideration.  The  big  effect  is  in 
increasing  production  because  the  slow  workers  are 
eliminated,  and  those  who  remain  help  each  other  out  on 
certain  operations,  all  along  the  line. 

As  to  what  is  meant  when  the  group  efficiency  exceeds 
100  per  cent,  the  question  should  be:  "What  do  you  mean 
by  100  per  cent?"  It  means  whatever  meaning  is  given 
it.  The  standard  time  for  an  operation  is  the  time  taken 
repeatedly  by  the  average  competent  workman,  over  an 
extended  period  and  eliminating  lost  and  waste  time.  It 
is  not  the  time  in  which  the  operation  can  be  done  by  an 
expert.  The  efficiency  measurement  is  the  standard  time 
divided  by  the  actual  time,  and  100  per  cent  on  produc- 
tion is  the  average  time  made  by  the  average  competent 
workman.  For  example,  a  good  workman  ought  to  dig  a 
certain  number  of  feet  of  ditch  in  a  day;  another  man 
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may  dig  only  half  as  much  and  a  third  man  may  dig  25 
per  cent  more ;  the  efficiency  measurement  is'  from  an  as- 
sumed standard  that  we  called  "standard  time." 

In  regard  to  new  men  who  enter  the  group,  we  found 
it  a  good  plan  to  carry  a  new  man  for  3  days  and  at  the 
end  of  that  period  to  throw  him  automatically  into  the 
group  unless  the  superintendent  asks  specifically  to  have 
the  probation  time  extended.  The  effect  is  that  the  com- 
pany carries  the  new  man  for  3  days  and  the  men  in  the 
group  carry  him  for  the  following  3  days;  after  that  it 
is  up  to  the  man  to  make-good  in  the  group. 

Another  method  which,  in  principle,  amounts  to  the 
same  thing,  is  to  charge  half  of  the  new  man's  time  to 
the  group  and  the  other  half  to  the  expense  account  and 
not  to  allow  the  man  to  participate  in  the  bonus  while 
he  is  on  that  basis.  The  effect  is  that  the  group  carries 
only  half  of  the  new  man's  time,  and  he  does  not  get  the 
bonus  and  therefore  tries  to  enter  the  group.  That 
works  out  very  well. 

The  question  regarding  the  proper  size  of  a  group  and 
why  it  should  be  small  has  to  do  with  individual  effort. 
The  worker  should  be  able  to  see  that  the  output  depends 
upon  his  own  efforts.  As  an  illustration,  we  had  20  men 
snagging  castings.  Handling  this  work  on  an  individual 
basis  was  very  difficult  because  we  had  to  weigh  all  the 
castings  for  each  man  and  keep  track  of  them.  To  handle 
them  on  a  day-work  basis  would  have  required  about  30 
instead  of  20  men;  so,  we  placed  them  all  in  one  group 
and  took  the  foundry  report  for  a  certain  number  of 
pounds  per  day,  and  allowed  a  certain  number  of  man- 
hours  per  1000  lb.  That  plan  worked  well.  We  dis- 
pensed with  from  six  to  eight  men  that  had  been  required 
under  the  individual-effort  system.  The  only  reason  we 
could  get  the  men  to  work  under  this  plan  was  that  they 
had  an  incentive  to  increase  the  output.  If  we  had  tried 
to  group  them  with  the  molders,  for  instance,  we  would 
not  have  got  anywhere.  The  plan  demands  very  close  co- 
operation; the  men  must  be  near  together  so  they  can 
see  that  every  man's  efforts  count.  A  certain  output 
from  a  group  costs  us  a  certain  amount  of  money  and,  if 
we  are  making  only  one  part,  the  cost  of  the  group  oper- 
ation is  the  money  we  pay  divided  by  the  number  of 
pieces  we  obtain.  That  is  positive  and  actual.  We  may 
have  various  operations  going  through  the  group.  We 
may  have  a  heat-treating  group  in  which  there  are  as 
many  as  80  different  parts,  ranging  all  the  way  from 
small  washers  to  front  axles.  There  may  be  20  to  30 
men,  split  into  various  groups  that  perform  the  different 
operations.  We  can  determine  the  cost  because  every 
one  of  those  pieces  has  its  own  standard  time.  The  time 
in  which  a  front  axle  goes  through  is  known  to  be  a  cer- 
tain number  of  minutes  or  tenths  of  hour  and,  if  a 
washer  has  to  be  hardened,  that  would  represent  a  smaller 
unit  of  time.  When  the  pay  period  closes  we  know  cer- 
tain positive  facts.  We  know  the  amount  of  money  paid 
out  and  the  number  of  pieces  produced  and  we  have  a 
standard  time-value  on  each  one.  We  determine  the  total 
number  of  actual  man-hours  in  a  group  and  the  total 
number  of  standard  man-hours  and  can  therefore  com- 
pute the  cost  per  standard  hour.  For  example,  if  each 
standard  hour  costs  us  54  cents  and  the  standard  time  on 
a  certain  product  was  0.1  hr.,  the  cost  would  be  $0,054. 
Above  100  per  cent,  the  cost  is  uniform.  If  the  efficiency 
runs  down  to  90  per  cent,  the  bonus  decreases  10  per  cent 
and  our  costs  increase  about  1.5  per  cent.  If  the  effi- 
ciency is  reduced  to  50  per  cent,  the  cost  increases;  but, 
whatever  the  cost  is,  it  can  be  computed. 

We  have  very  uniform  costs,     Under  the  group-bonus 


plan  the  cost  efficiency  is  maintained  above  90  and  100  per 
cent  fairly  well,  and  we  get  a  uniform  cost  for  given 
base-rates.  No  matter  how  many  cr  how  few  pieces  go 
through,  or  how  many  dividends  there  are,  we  can  always 
determine  the  costs. 

The  general  superintendent  of  an  important  factory 
that  has  been  using  the  group-bonus  system  for  about  5 
months  wrote  me  as  follows: 

The  results  shown  already  are  certainly  most  grati- 
fying to  us  and  substantiate  our  belief  that  the  com- 
plete installation  of  this  system  in  our  factory  will 
result  in  a  wonderful  saving  to  our  company.  A  rough 
average  of  the  results  disclosed  about  a  23-per  cent 
reduction  in  the  number  of  employes,  compared  with 
the  old  method,  20-per  cent  increased  real  earnings  for 
employees,  and  49-per  cent  increased  man-hour  pro- 
duction. 

As  you  are  aware,  we  installed  this  system  a  small 
group  at  a  time,  explaining  to  the  employes  its  ad- 
vantages to  them  and  to  the  company,  and  in  no  in- 
stance have  we  had  any  difficulty  in  throwing-in  addi- 
tional groups.  We  are  frank  to  say  that  the  company 
and  the  employes  are  sold  100  per  cent  on  this  system, 
and  the  factory  in  general  is  benefited  under  this  new 
method  of  working,  as  it  is  more  quiet  and  orderly 
than  under  the  old  method.  We  hope  to  complete  the 
necessary  details  and  to  have  all  operations  working 
under  this  system  by  the  first  of  the  year. 

To  show  why  these  men  are  taking-up  this  group- 
bonus  system,  I  will  include  an  extract  from  a  letter 
written  by  the  general  manager  of  a  company  that  builds 
a  well-known  car.     He  says : 

After  years  of  experience,  I  am  of  the  opinion  that 
the  group-bonus  system  is  the  best  system  adaptable 
not  only  to  progressive  manufacturing,  but  to  other 
classes  of  work  where  the  measurement  of  individual 
production  would  be  expensive  or  burdensome.  We  are 
using  the  group-bonus  plan  because  we  feel  that  it  is 
better  adapted  to  our  needs  than  the  former  individual- 
effort  system,  and  that  it  is  much  more  satisfactory 
than  the  usual  piece-work  system  to  both  the  manage- 
ment and  our  employes.  Our  experience  during  the 
past  year  has  confirmed  our  views  on  this  subject. 

Another  extract  from  an  unsolicited  letter  by  the  gen- 
eral superintendent  and  the  chief  executive  officer  in  one 
of  the  largest  automobile  factories  in  this  Country  is  as 
follows : 

In  regard  to  the  group-bonus  wage-incentive  system, 
one  of  the  first  benefits  is  a  doing  away  with  a  large 
number  of  clerks  and  carriers  that  were  necessary  un- 
der the  old  method  of  payment.  We  have  found  also 
that  we  have  less  labor  trouble.  I  believe  this  is  be- 
cause the  men  take  more  interest  in  their  work.  We 
have  found  also  that  we  are  getting  more  production 
where  we  have  this  system  thoroughly  worked  out. 
Another  item  of  interest  is  the  fact  that  we  have  re- 
duced the  percentage  of  scrap. 

This  last  factory  was  formerly  100  per  cent  on  the 
individual-effort  system  and  had  been  ever  since  its 
start.  It  had  worked  on  the  individual-effort  system  for 
years.  It  was  turned  over  to  a  group-bonus  plan  a  few 
years  ago  and  is  still  operating  that  way. 

I  wish  to  show  that  the  factory  managers  who  have 
taken  this  up  and  have  tried  it  are  with  us  on  the  proposi- 
tion. I  have  received  other  letters  along  the  same  line. 
Unless  these  men  were  with  us  and  found  the  group- 
bonus  plan  to  be  the  right  thing,  there  would  be  no  use 
trying  to  put  it  through.  It  succeeds  because  each  one 
who  tackles  it  right  and  gives  it  proper  cooperation,  be- 
comes one  of  our  good  friends  and  boosters. 
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STATING  that  most  of  the  copying  of  aircraft  prac- 
tice in  post-war  car-design  has  proved  a  failure 
because  the  fundamental  difference  in  duty  has  not 
been  realized,  the  author  proposes  to  show  wherein 
the  automobile  designer  and  the  engine  builder  can 
profit  by  the  use  of  practice  developed  for  air-cooled 
aircraft  engines  and,  after  generalizing  on  the  main 
considerations  involved,  discourses  on  the  simplicity 
of  layout  of  the  efficient  air-cooled  cylinder  as  a  preface 
to  a  somewhat  detailed  discussion  regarding  cylinder 
design  and  performance,  inclusive  of  valve  location, 
type  of  finning  and  form  of  cylinder-head. 

Cylinder  material,  cooling  surface,  port  arrangement 
for  in-line  engines,  and  the  camshaft  and  valve-gear 
arrangement  most  desirable  are  subjects  treated  at 
length  and  illustrated,  the  thought  then  passing  to  a 
consideration  of  sleeve-valve  types,  temperature  and 
exhaust-valve  cooling,  in  such  detail  as  to  include  many 
enlightening  data;  and  similar  treatment  is  accorded 
the  subjects  of  air  supply,  a  cooling  system  for  in-line 
engines,  air-blast  direction  and  the  necessary  quantity 
of  air.  Desirable  types  of  fan,  spark-plug,  piston  and 
fuel  are  commented  upon  somewhat  briefly.  The 
author  concludes  (a)  that  scaling-down  of  design  in 
internal-combustion-engine  cylinders  is  a  safe  process, 
while  scaling-up  is  decidedly  unsound;  (6)  that,  since 
thermal  troubles  have  been  the  greatest  cause  of  diffi- 
culty with  air-cooled  cars,  a  consideration  of  the  de- 
signs capable  of  continuous  full-throttle  operation  is 
likely  to  demonstrate  the  ease  with  which  the  rela- 
tively mild  thermal  difficulties  of  an  air-cooled  car 
can  be  overcome. 

Appendix  1,  by  C.  Fayette  Taylor,  treats  the  subject 
of  the  experimental  development  of  air-cooled  engine- 
cylinders  specifically;  it  reviews  briefly  the  methods 
used  by  the  Engineering  Division  in  developing  and 
testing  cylinder  units  for  both  air  and  water-cooled 
engines,  and  discusses  some  of  the  results  obtained  with 
several  of  the  air-cooled  cylinders  mentioned  in  the 
paper  proper.  Performance  investigations  of  experi- 
mental cylinders  are  described  and  commented  upon, 
inclusive  of  illustrations  and  tabular  data  that  are 
given  rather  lengthy  attention.  Laboratory  experi- 
ence in  regard  to  exhaust-valve  cooling  is  related,  to- 
gether with  mention  of  the  experimental  results  with 
internally  cooled  valves.  Subsequently,  many  air  and 
water-cooled-type  comparisons  are  made,  the  conclu- 
sion being  that  there  will  be  a  rapid  and  healthy 
growth  of  the  air-cooled  type  of  powerplant  for  auto- 
motive vehicles. 

Appendix  2,  by  E.  H.  Dix,  Jr.,  has  as  its  subject  the 
foundry  production  of  air-cooled  cylinders  with  the  fins 
cast  integrally  and  first  describes  the  experience  of  the 
Engineering  Division  foundry  in  casting  aluminum- 
alloy  cylinder-heads,  numerous  illustrations  of  castings 
being  included.  The  suitable  gating  for  aluminum- 
alloy  casting  is  discussed,  supplementary  illustrations 
being  presented,  and  the  conclusion  is  reached  that 
the   experience   related   tends   to   show   that  air-cooled 


1  S.M.S.A.E. — Aeronautical  mechanical   engineer,  engineering  divi- 
sion. Air  Service,  McCook  Field,  Dayton,  Ohio. 


cylinder-head  castings  of  the  types  illustrated  are  far 
from  being  bad  production  propositions. 

THE  aim  of  this  paper  is  to  show  wherein  the  auto- 
mobile designer  and  builder  can  profit  by  the  use 
of  practice  developed  for  air-cooled  aircraft  en- 
gines. The  aircraft-engine  designer  is  apt  to  over- 
emphasize the  importance  of  full-throttle  performance 
in  car  engines,  forgetting  that  the  modern  automobile 
engine  is  essentially  a  smoothly  rotating  mechanism 
rather  than  a  problem  of  intense  heat-flow.  Much  of  the 
slavish  copying  of  aircraft  practice  in  post-war  car- 
design  has  proved  a  failure,  because  the  fundamental 
difference  in  duty  has  not  been  realized.  Nevertheless, 
it  is  felt  that  much  of  aircraft  practice  can  be  used  in 
car  design  with  good  effect.  There  is  no  reason  why 
more  efficient  and  more  uniform  cylinder  cooling  and 
increased  exhaust-valve  durability  should  in  any  way 
reduce  silence  or  smoothness.  Rather  the  reverse  is  true, 
as  an  over-heated  engine  with  distorted  cylinders  and 
leaky  valves  is  not  usually  remarkable  for  either  smooth- 
ness or  mechanical  silence. 

The  average  automobile  engineer  derides  aircraft- 
engine  practice  on  the  ground  of  assumptions  such  as 
that  the  exhaust-valves  have  to  be  discarded  after  100  hr. 
of  running,  or  that  the  whole  engine  has  only  a  gross 
life  of  about  300  hr.  of  running.  Neither  of  these  as- 
sumptions happens  to  apply  to  modern  engines  or  even 
to  several  1914  and  1915  designs.  It  would  be  of  in- 
terest to  know  how  many  modern  car-engines  are  capable 
of  running  100  hr.  at  three-quarter  throttle  for  say  4000 
miles,  and  what  would  be  the  relative  condition  of  any 
passenger-car  engine  after  such  a  test  in  comparison 
with  an  aircraft  engine  after  a  similar  test.  There  is 
little  question  that  the  comparison  would  be  altogether 
favorable  to  the  aircraft  engine.  The  rather  grotesque 
attempts  at  exhaust-valve  cooling  evident  in  most  cars, 
both  air  and  water-cooled,  lead  to  the  conclusion  that  the 
use  of  aircraft  practice  would  be  productive  of  great  im- 
provement. Aircraft  practice  in  this  connection  would 
result  in  greatly  increased  durability  for  equal  cost. 

The  application  of  a  large  part  of  aircraft  practice 
would  not  involve  greater  cost  than  that  of  present-day 
car-practice.  Complication  and  expense  do  not  neces- 
sarily spell  efficiency,  and  crudity  is  not  necessarily 
economy.  Much  of  the  crudity  seen  in  air-cooled  engines 
is  decidedly  very  expensive. 

Air-Cooled  Cylinder  Layout 

Aircraft  practice  has  shown  how  remarkably  similar 
in  layout  the  best  air  and  water-cooled  cylinders  are. 
For  both  types,  the  layout  with  inclined  overhead  valves 
can  be  said  to  have  proved  most  efficient  as  regards  out- 
put, fuel  economy  and  cooling.  The  successful  air-cooled 
cylinder  consists  essentially  of  the  body  of  a  first-class 
water-coo'ed  cylinder  with  the  water-jacket  replaced  by 
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suitable  fins.  The  use  of  air-cooling  does  not  involve 
throwing  into  the  discard  all  of  the  experience  gained 
in  the  construction  of  water-cooled  engines,  but  rather 
the  use  of  that  knowledge  with  due  consideration  of  the 
differing  physical  characteristics  of  the  cooling  medium. 
The  modern  air-cooled  aircraft-engine  cylinder  is  ad- 
mittedly expensive  and  apparently  complicated  in  com- 
parison with  automobile-engine  practice.  It  is,  however, 
the  necessity  for  minimum  weight  and  sustained  high 
specific  output  together  with  high  thermal  efficiency  that 
is  responsible  for  both  the  expensive  built-up  construc- 
tion and  the  use  of  high-class  material.  High-duty  air- 
cooled  cylinders  can  be  built  of  commercial  materials 
throughout.  Alloy-steel  exhaust-valves  are  needed,  but 
not  more  so  than  in  present  water-cooled  types.  A  plain 
cast-iron  cylinder-body  with  an  aluminum  piston  and  a 
chromium-steel  exhaust-valve  can,  with  suitable  design, 
be  made  to  cool  efficiently  and  pull  brake  mean-effective 
pressures  of  over  100  lb.  per  sq.  in.  for  prolonged  periods 
with  a  full-throttle  fuel-consumption  of  less  than  0.6  lb: 
per  b.hp-hr. 


cylinder  testing,  considerable  disparity  is  evident  in  the 
apparent  brake  performance  of  different  cylinders  when 
they  are  of  widely  differing  capacity.  The  author,  there- 
fore, in  his  portion  of  the  paper,  will  correct  the  appar- 
ent brake  performance  to  a  constant-friction  mean 
effective  pressure  of  15  lb.  per  sq.  in.,  which  is  a  fair 
average  figure  for  a  modern  aircraft  engine  or  a  single- 
cylinder  installation  designed  for  minimum  friction; 
brake  horsepower,  brake  mean  effective  pressure  and 
fuel  consumption  will  be  quoted  on  this  basis. 

A  constant-friction  mean  effective  pressure  is  really  a 
much  sounder  basis  to  use  than  one  of  constant  me- 
chanical efficiency,  since  engines  of  similar  construction 
except  as  regards  cylinders  usually  have  approximately 
an  equal-friction  mean  effective  pressure,  although  the 
brake  mean  effective  pressure  may  vary  widely  and  thus 
result  in  a  considerable  difference  in  the  mechanical 
efficiency.  In  few  cases  is  it  possible  to  duplicate  a  single- 
cylinder  output  and  fuel-consumption  on  multi-cylinder 
engines,  and  it  may  seem  useless  to  quote  such  figures 
as   they  are  at  present  generally   impossible   to  attain. 


Fig.   1 — Assembly   Drawing   of  the  Ttpe-K  Air-Cooled  Cyxinder 


A  modern  air-cooled  aircraft-cylinder  is  illustrated  in 
Fig.  1.  This  has  a  cast  aluminum  head,  screwed  and 
shrunk  onto  an  integrally  finned  steel-barrel.  The  valve- 
seat  inserts  are  of  aluminum  bronze  and  are  shrunk  into 
the  aluminum  head,  the  head  metr>.l  being  peened  over  a 
shoulder  on  the  inserts  before  the  head  and  the  seats  are 
finish-machined.  While  the  construction  is  undoubtedly 
expensive  when  measured  by  automobile  standards,  the 
production  is  really  a  straightforward  proposition.  The 
head  casting  is  a  very  simple  job,  being  produced  with  a 
stripper-plate  pattern.  It  does  not  involve  the  use  of  any 
cores  of  loose  pieces  in  the  mold,  has  only  a  single-body 
core  and,  in  addition,  is  cast  without  the  use  of  chills. 
While  the  operations  are  lengthy,  none  of  them  is  un- 
controllable or  uncertain. 

This  design  bears  comparison  with  proposed  and  exist- 
ing automobile-engine  designs  having  fins  that  are  cast- 
in  or  otherwise  attached  in  such  a  manner  as  largely  to 
prohibit  inspection  of  the  soundness  of  attachment. 

Cylinder  Performance  and  Design 

Owing  to  the.  high  friction-loss  in  the  universal-test 
engines   used   by  the   Engineering   Division   for   single- 

2  Sec-  The  Journal.  April.  1922.  p.  231. 


Nevertheless,  such  figures  show  the  potential  possibilities 
of  the  cylinders  on  multi-cylinder  engines  with  suitable 
distribution  systems,  and  indicate  what  can  be  and  is 
clone  in  certain  cases,  such  as  with  radial  aircraft  en- 
gines with  rotary  mechanical  distribution,  if  the  charge 
be  taken  into  the  cylinder  under  similar  conditions  to 
those  obtaining  in  a  single-cylinder  unit. 

Very  little  reason  has  arisen  for  modification  of  the 
author's  views  on  the  subject  of  cylinder  design  during 
the  last  year.  It  will  be  necessary,  however,  for  the  sake 
of  continuity  to  reiterate  some  of  the  ground  covered  in 
his  last  contribution  to  the  Society  on  Some  Aspects  of 
Air-Cooled  Cylinder  Designs  and  Development."  Recent 
work  has  also  given  ground  for  a  modification  of  some  of 
the  views  previously  held. 

Valve  Location  and  Type  of  Finning 

The  overhead  valve-cylinder  is  superior  to  the  side- 
valve  type  as  regards  output,  cooling,  lack  of  distortion, 
fuel  economy,  ease  of  production  and  symmetry.  The  only 
advantage  of  the  side-valve  design  is  that  of  possibly 
more  silent  valve  operation,  and  this  can  be  largely  over- 
come by  careful  design  of  the  overhead-valve  operating- 
mechanism.    The  outstanding  advantage  of  the  overhead 
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type  lies  in  cooling.  In  water-cooled  car-engines,  the 
overhead  location  usually  is  chosen  because  of  the  char- 
acteristically greater  output,  but  this  is  really  a  minor 
consideration  for  an  air-cooled  car-engine  in  comparison 
with  the  marked  cooling  advantage.  No  further  con- 
sideration will  therefore  be  given  to  the  side-valve  type, 
beyond  stating  that  a  first-class  side-valve  type  is  much 
superior  to  a  poorly  cooled  over-valved  overhead-type. 

The  argument  in  favor  of  axial  finning  on  the  score 
that  it  is  productive  of  uniform  air-distribution  to  all 
parts  of  the  barrel  is  basically  unsound.  The  heat  given 
to  the  cylinder-head  and  the  barrel  varies  markedly 
throughout.  Since  uniform  temperature-distribution  is 
desired,  it  follows  that  this  cannot  be  secured  if  the  air 
is  uniformly  distributed  over  a  surface  having  varying 
heat  reception.  The  circumferential  fin  has  the  following 
advantages  over  the  axial  fin: 

(1)  Ease  of  foundry  production 

(2)  More  complete  finning  and  cooling  of  the  cylinder- 
head  is  obtainable 

(3)  A  very  considerable  stiffening  effect  is  obtained, 
counteracting  any  tendency  of  the  cylinder  barrel 
to  go  out-of-round 

(4)  With  a  suitable  blast  distribution,  a  very  uniform 
distribution  of  the  temperature  throughout  the 
head  and  the  barrel  can  be  secured 

(5)  Dirt  is  removed  more  readily  from  the  fin  cells. 
The  axial-fin  type  has  closed  air-cells  which  are 
obtained  either  by  bending  the  fin-tips  or  by  a 
closely  fitting  jacket;  both  methods  result  in  a 
long  narrow  passage  from  which  the  removal  of 
burnt-on  dust  and  oil  or  mud  is  a  matter  of  some 
mechanical  difficulty.  In  the  circumferential-fin 
type,  any  accumulation  of  foreign  matter  is  ap- 
parent on  a  casual  inspection  and  is  easily  removed 
with  a  wire  brush  or  compressed  air 

(6)  The  long  narrow  parallel  air-cells  of  the  axial-fin 
type  are  in  themselves  the  cause  of  a  heavy  drop 
of  pressure-head  in  the  cooling  air.  The  bad  entry 
and  exit  from  the  cells,  in  conjunction  with  the 
sharp  right-angle  turns  at  the  entry  and  the  exit, 
are  further  causes  of  loss  of  head.  From  the 
resistance  viewpoint,  the  easy  convergence  and 
divergence  of  the  air  at  the  entry  to  and  the  exit 
from  the  cells  in  the  circumferential-fin  type  pre- 
sent a  marked  contrast 

The  normal  flat-head  air-cooled  cylinder  with  axial 
finning  betrays  an  appalling  crudity  in  cylinder-head 
cooling.  As  a  general  rule,  the  head  and  the  ports  are 
completely  bare  of  finning  and,  in  nearly  all  cases  where 
finning  is  attempted,  the  result  is  worse  than  a  complete 
absence  of  fins,  as  the  main  results  obtained  appear  to 
be  the  disturbance  and  the  obstruction  of  the  air-flow 
over  the  cylinder  and  a  marked  increase  of  the  casting 
difficulties  with  no  compensating  cooling  advantage.  It 
is,  however,  possible  to  fin  the  cylinder  crown  of  an  axial- 
fin  type  efficiently,  as  regards  both  heat  abstraction  from 
the  crown  wall  and  dissipation  to  the  cooling  air,  with- 
out causing  broken  or  obstructed  air-flow  over  either  the 
crown  or  the  barrel.  Figs.  2  and  3  show  two  such  de- 
signs by  H.  E.  Morehouse,  of  the  Engineering  Division. 
These  have  evidence  of  original  attack  and  great  care, 
and  are  the  first  designs  seen  by  the  author  that  show 
any  real  attempt  at  head  cooling  of  an  axial-fin  type. 
The  author's  admiration  for  these  designs,  however,  in 
no  way  alters  his  belief  in  the  superiority  of  the  cir- 
cumferential-fin type. 

As  regards   evenness   of   temperature   distribution    in 


Flfi. 


-Tiik    Morehouse    Axial-Fin    Cylinder    with    Horizontal 
Port  Outlets 


the  circumferential-fin  type,  the  B.  S.  A.  car-engine 
cylinder,  with  exhaust-side  blast,  illustrated  in  Fig.  4, 
showed  a  maximum  circumferential  temperature-differ- 
ence at  full  throttle  of  27  deg.  fahr.  at  the  top  of  the 
barrel  and  47  deg.  fahr.  at  the  base  of  the  barrel. " 

Form  of  Cylinder-Head 

Recent  work  has  confirmed  the  author's  views  still 
further  as  to  the  fundamental  fault  of  the  flat-head  type 
of  cylinder,  and  comparative  tests  of  the  types  I  and  J 
Engineering-Division  cylinders  indicate  sharply  the  in- 
feriority of  the  flat  design.  Both  types  are  of  5%-in. 
bore  and  eV^-in.  stroke;  type-I  has  a  flat  head  with  twin 
exhaust-valves  and  a  single  inlet,  and  type-J  a  hemi- 
spherical head  with  single  inlet  and  exhaust-valves. 
These  cylinders  give  a  very  fair  comparison  as  both  are 
by  the  same  designer,  were  produced  during  the  same 
period  and  have  a  common  construction,*  except  for  the 
number  of  valves  and  form  of  cylinder-head.  The  type-I, 
with  internally  cooled  exhaust-valves,  developed  a  maxi- 
mum brake  mean  effective  pressure  of  132  lb.  per  sq.  in.  on 
a  fuel-consumption  of  0.62  lb.  per  b.  hp-hr.,  with  a  maxi- 
mum cylinder-head  temperature  of  570  deg.  fahr.  The 
type-J,  with  a  normal  exhaust-valve,  developed  more  than 
137  lb.  per  sq.  in.  brake  mean  effective  pressure  on  a 
fuel-consumption  of  0.48  lb.  per  b.  hp-hr.  with  a  maxi- 


3  See  The  Journal,  April.  1922,  p.  231. 
'See  The  Journal.  April,  1922,  p.  231. 
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mum  cylinder-head  temperature  of  450  deg.  fahr.  With 
an  internally  cooled  exhaust-valve,  it  has  proved  possible 
to  run  as  lean  as  0.43  lb.  per  b.hp-hr.  with  123  lb.  per 
sq.  in.  brake  mean  effective  pressure. 

With  regard  to  valves,  there  seems  to  be  no  justifica- 
tion for  more  than  two  valves  for  any  car  or  truck-engine 
cylinder.  Recently,  the  author  has  had  cause  to  modify 
considerably  his  views  regarding  the  relative  merits  of 
two  and  four-valve  constructions  for  large  air-cooled 
cylinders.  Recent  experience  of  the  Engineering  Divi- 
sion indicates  that,  for  up  to  at  least  50  b.hp.  per  cylin- 
der, the  two-valve  type  is  preferable  on  account  of  the 
less  severe  conditions  of  heat-flux  in  the  combustion- 
chamber  walls,  fewer  parts  and  general  ease  of  produc- 
tion. Of  course,  the  use  of  such  power  with  a  single 
exhaust-valve  necessitates  efficient  exhaust-valve  cooling. 
The  recent  work  of  the  Engineering  Division  indicates 
that  this  is  a  matter  of  no  great  difficulty.  The  success 
of  the  91  and  122-cu.  in.  Fiat  racing  cars  goes  to  show- 
that  multi-valves  are  not  a  fundamental  necessity  for  a 
maximum  output,  even  at  abnormally  high  speeds,  and 
that  the  use  of  multi-valves  for  small  cylinders  in  racing 
cars  has  been  a  matter  of  fashion  rather  than  necessity. 
The  futility  of  over-valving  has  been  demonstrated  by 
aircraft  engines  of  both  the  air  and  the  water-cooled 
types.  If  aircraft  engines,  where  the  last  pound  of  out- 
put is  required,  can  secure  the  desired  result  with  rela- 
tively small  valves,  obviously,  there  is  no  reason  for  the 
use  of  excessive  valve-capacity  in  car  engines  where  the 
output  must  of  necessity  be  sacrificed  to  smooth  run- 
ning, acceleration  and  even  firing  at  all  speeds.  The  use 
of  large  valve-area  is  required  only  for  abnormal  speeds 
and,  even  in  this  connection,  has  its  limits  on  account  of 
the  low  turbulence  that  produces  a  low  rate  of  flame 
propagation.  For  normal  purposes,  large  valves  result 
in  a  bad  combustion-chamber  form  and  an  accentuation 
of  the  cylinder-head  and  valve-cooling  difficulties. 

Automobile  engineers  generally,  and  particularly  those 
of  European  persuasion,  seem  to  consider  that  the  last 
step  in  obtaining  high  output  has  been  taken  by  the  use 
of  large  valves,  apparently  considering  that  poor  torque 
at  the  lower  speeds,  cracked  valve-seats  in  the  cylinders 
and  valve-burning  produced  by  a  few  hours  at  anything 
approaching  full  throttle  are  necessary  adjuncts  to  high 
output.  Such  absurdities  as  exhaust-valves  larger  than 
the  intakes  should  be  extinct  in  these  days,  yet  they  are 
nevertheless  to  be  found.  Even  if  the  experimental  evi- 
dence be  ignored,  it  is  difficult  to  imagine  any  logical 
ground  for  such  practice  when  it  is  considered  that  a 
pressure  up  to  100  lb.  per  sq.  in.  is  available  for  the  ex- 
pulsion of  the  burnt  charge  and  only  14.7  lb.  per  sq.  in. 
to  produce  filling  with  fresh  charge.  Therefore,  it  seems 
that  such  a  design  can  only  be  the  result  of  pure  guess- 
work. 

The  ideal  form  of  cylinder-head  appears  to  be  the 
complete  hemisphere,  and  the  more  nearly  this  is  ap- 
proached the  more  efficient  will  be  the  design  from  the 
standpoints  of  minimum  stress  due  to  explosion  and 
maximum  amount  of  fin  area  directly  attached  to  the 
cylinder  crown.  The  author  has  found  that  a  large  angle 
of  valve-tilt  is  productive  of  the  best  results,  as  this  pro- 
duces the  maximum  metal  space  between  valve-ports  and 
apparently  maximum  filling  and  discharge  capacity  from 
a  given  size  of  valve.  An  included  angle  of  approxi- 
mately 70  deg.  between  the  valves  has  proved  satisfac- 
tory, although  this  prohibits  the  direct  boring  of  the 
valve-seats  and  ports  from  the  cylinder  mouth  when  an 
integral  head  and  barrel  are  used. 

The  term  detachable  cylinder-head  is  used  in  the  sense 


of  a  removable  head,  and  not  to  represent  the  separate 
but  non-removable  head  of  the  type  shown  in  Fig.  1. 
While  there  is  little  question  that  air-cooled  cylinders 
with  detachable  heads  can  be  made  to  function  with  fair 
satisfaction,  there  is  not  much  doubt  that  the  cooling  and 
general  efficiency  of  the  type  is  lower  than  that  of  the 
solid-head  construction.  Some  of  the  reasons  for  avoid- 
ing detachable  heads  are  as  follows: 

(1)  The  heat  given  to  the  head  has  to  be  almost  en- 
tirely dissipated  by  it,  as  the  transmission  to  the 
barrel  and  its  finning  is  limited  owing  to  the  very 
high  thermal  resistance  of  the  joint  and  the  gasket. 
Hence,  the  head  runs  hotter  and  the  barrel  finning 
does  not  carry  as  much  of  the  cooling  duty  as  it 
might  carry  otherwise 

(2)  Gas  leakage  at  the  joint,  with  the  attendant  high 
temperature,  is  likely  to  occur,  as  the  pulling-up  of 
a  gasket  on  a  single-cylinder  head  is  a  matter  of 
considerable  skill  and  requires  more  than  one 
adjustment 

(3)  The  bolts  or  studs  and  their  bosses  for  holding 
down  the  head  usually  cut-up  the  head  finning 
considerably  and  break-up  the  uniformity  of  air- 
flow over  the  head 

(4)  The  uneven  sections  resulting  from  the  attachment 
bosses  are  liable  to  produce  distortion  under  tem- 
perature, in  addition  to  the  mechanical  distortion 
that  is  induced  so  readily  by  uneven  bolting-down 
or  lack  of  stiffness  in  the  head  or  barrel 

(5)  It  is  easier  to  lift  a  separate  cylinder  for  de- 
carbonizing than  to  break  and  remake  a  head 
gasket-joint,  particularly  in  a  push-rod  engine 
involving  the  readjustment  of  the  tappet  clearance 
after  refitting  the  head  and  at  intervals  while  the 
head  joint  is  settling,  as  it  practically  always  does 

Satisfactory  block-type  cylinder-construction  with  air- 
cooling  has  yet  to  be  produced  and,  if  the  detachable 
head  be  assumed  to  be  unsatisfactory,  no  argument  ex- 
cept stiffness  of  the  engine  as  a  whole  can  be  adduced  in 
its  favor,  as  it  presents  an  undesirable  foundry  problem 
and  is  more  unwieldy  to  handle  in  both  manufacture  and 
service.  The  use  of  separate-cylinder  construction  in  a 
water-cooled  engine  involves  lengthening  the  engine  by 
the  thickness  of  two  jacket-walls,  the  external  space  be- 
tween them  and  the  two  water  spaces,  which,  together, 
are  usually  greater  than  would  be  allowed  between  the 
barrels  with  block  construction.  These  disadvantages  do 
not  apply  in  an  air-cooled  engine,  as  a  certain  minimum 
space  for  air-flow  has  to  be  allowed,  irrespective  of 
whether  block  or  separate-cylinder  construction  is  used. 

Cylinder  Material 

The  cast-iron  cylinder  with  the  fins  cast  integrally 
still  appears  to  be  the  most  logical  solution  for  car  en- 
gines up  to  the  $2,000  class.  Recent  tests  by  the  Engi- 
neering Division,  which  will  later  be  dealt  with  more 
fully,  have  shown  that,  in  capacities  of  up  to  KlVi  cu.  in. 
per  cylinder,  cast-iron  cylinders  at  continuous  full- 
throttle  will  give  cooling,  output  and  fuel  economy  that 
are  adequate  for  automobile  use. 

There  is  a  tendency  to  assume  that  some  particular 
material  can  be  found  that  will  solve  the  difficulties  of 
air-cooling.  Design  is  the  dominant  factor  in  air-cooling 
and  no  material,  whatever  its  thermal  conductivity  is, 
can  counterbalance  the  effect  of  poor  design.  It  may  be 
well  to  emphasize  that  there  is  no  mystery  concerning 
air-cooling.  Successful  cylinder  design  is  mainly  a  com- 
bination of  common-sense  and  applied  science,  with  very 
little  computation  involved.  However,  the  author  recom- 
mends cast  iron  as  a  cylinder  material  only  provided  a 


Vol.   XII 


January,  1923 


No.   1 


AIRCRAFT-ENGINE  PRACTICE  APPLIED  TO  PASSENGER  CARS 


3& 


suitable  design  be  used.  The  B.  S.  A.  car-engine  cylin- 
der-design illustrated  in  Fig.  4,  and  that  of  the  type-K 
cylinder  shown  in  Fig.  1,  represent  types  that  have 
proved  satisfactory. 

The  designs  already  mentioned  no  doubt  will  be  ob- 
jected to  at  once  for  car  use,  on  the  score  of  the  hemi- 
spherical head.  This  type  of  head  unquestionably  gives 
rise  to  a  minor  machining  difficulty,  but  the  elimination 
cf  this  difficulty  by  the  use  of  a  flat  head  is  sure  to  result 
in  a  final  increase  of  the  cost  to  secure  a  similar  perform- 
ance, because  larger  fan  capacity,  and  probably  more 
cowling  and  more  expensive  cylinder  and  valve  material, 
will  be  required.  While  the  matter  has  not  been  the 
subject  of  an  exact  comparative  test,  it  is  the  author's 
considered  opinion  that,  from  the  performance  stand- 
point, the  flat-head  aluminum  cylinder  using,  except  for 
the  flat  head,  the  best  of  aircraft  practice,  is  in  no  way 
superior  to  the  hemispherical  type  of  cast-iron  head;  in 
fact,  up  to  100-cu.  in.  capacity,  it  is  actually  inferior. 

If,  in  the  production  of  a  medium-priced  air-cooled 
car-engine,  design  be  subordinated  to  production,  the 
result  is  sure  to  be  unsatisfactory.  The  air-cooled  engine 
has  yet  to  gain  the  confidence  of  the  entire  public,  and 
it  is  urged  that  nothing  be  done  to  destroy  the  existing 
amount  of  faith  by  allowing  full  sway  to  the  production 
engineer  who  can  see  only  a  production  proposition  in 
an  air-cooled  engine  and  is  entirely  uninterested  in  its 
functioning  as  a  prime-mover.  The  Liberty  aircraft- 
engine  cylinder  is  an  excellent  example  of  what  the  pro- 
duction engineer  can  do  if  given  a  fixed  piece  to  produce, 
without  license  to  obliterate  the  original  design  to 
facilitate  production. 

It  has  been  found  that  fairly  thick  metal  is  necessary 
in  the  walls  and  fins  of  a  successful  cast-iron  cylinder. 
The  old  idea  of  thin  walls  being  most  efficient  on  account 
of  the  heat  having  less  distance  to  flow  through  is  al- 
together unsound  in  the  light  of  present-day  experience. 
In  fact,  there  is  considerable  reason  to  believe  that  the 
superiority  of  aluminum  to  cast  iron  for  large  cylinders 
is  as  much  due  to  the  low  resistance  to  heat-flow  around 
rather  than  through  the  walls  (that  is,  the  rapid  con- 
duction of  heat  from  the  points  of  maximum  heat- 
reception  to  the  parts  having  a  lower  reception)  as  it  is 
to  the  greater  heat-dissipating  powers  of  the  fins.  For 
a  3V2-in.  bore  hemispherical-head  cast-iron  cylinder,  a 
thickness  of  %  in.  at  the  center  of  the  combustion- 
chamber,  tapering  to  7/16  in.  at  the  edge  of  the  chamber 
and  to  not  less  than  Vi  in-  at  the  lowest  fin  on  the  barrel, 
appears  to  be  suitable. 

Fairly  thick  fins  are  necessary  to  insure  sufficient  heat- 
flow  capacity  in  average  castings,  ease  of  production  and 
strength  to  resist  rough  handling;  the  last-named  is  by 
no  means  an  unimportant  factor.  From  these  consider- 
ations, suitable  fin  proportions  appear  to  be  a  maximum 
length  of  1  in.,  a  pitch  not  less  than  %  in.,  a  thickness 
at  the  root  of  9/64  in.  and  a  thickness  at  the  tip  of  5/64 
in.  Such  fins  are  produced  readily  and  commercially 
from  stripper-plate  patterns  with  jolt-ramming.  To  in- 
sure clean  and  sharp  casting  of  fins  having  the  propor- 
tions given,  it  appears  to  be  necessary  to  have  a  mini- 
mum of  0.5  per  cent  of  phosphorus  in  the  iron. 

While  the  straight  cast-iron  cylinder  has  a  consider- 
able advantage  over  more  complicated  and  expensive  and 
at  the  same  time  less  efficient  constructions  commonly 
considered  to  be  essential  for  air-cooling,  it  is  neverthe- 
less inferior  as  regards  cooling,  fuel  economy,  tendency 
to  detonation,  weight  and,  to  a  very  slight  extent,  out- 
put, to  the  type  of  aluminum  cylinder  used  for  aircraft 


•See  The  Journal.  April,  1922.  p.  231. 
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Fig.    4 — Plan  View  and   Sectional  Elevations   of  the   Cylinder 
Used  in  the  B.  S.  A.  Passenger  Car 

engines.  Where  considerations  of  cost  will  allow,  the 
use  of  aluminum  cylinders  should  be  given  very  serious 
thought.  As  a  basis  of  comparison  with  the  straight 
cast-iron  type,  the  general  construction  used  by  the 
Engineering  Division  will  be  used.  The  screwed-on  head 
aluminum-construction  is  the  only  type  considered  as,  in 
general,  this  has  proved  the  best  all-round  design  for 
heavy  duty,  is  the  easiest  type  to  produce  and  gives  the 
least  trouble  with  a  variation  of  the  thermal  contact  and 
the  like  in  a  quantity  of  cylinders.  The  pros  and  cons 
of  the  various  types  of  aluminum-cylinder  construction 
have  been  discussed  at  length  previously.'  The  construc- 
tion is  well  exemplified  by  the  type-K  cylinder  shown  in 
Fig.  1.  The  aluminum-head  casting  will  cost  more  than 
the  cast-iron,  but  will  be  much  more  easily  machined, 
particularly  if  valves  tilted  to  a  large  included  angle,  70 
deg.  in  this  case,  be  used.  The  hemisphere  can  be  ma- 
chined at  a  much  higher  rate  of  speed,  on  account  of 
cutting  facility  and  also  accessibility,  as  the  hemi- 
spherical surface  in  the  case  of  the  aluminum  head  is  not 
at  the  bottom  of  a  deep  hole.  To  offset  the  more  rapid 
and  accessible  working  of  the  interior  of  the  head,  there 
is  the  extra  work  due  to  the  threading  for  barrel  attach- 
ment, boring  valve-seat  insert-recesses  and  machining 
and  shrinking-in  the  seat  inserts.  The  seat-insert  ma- 
terial also  has  to  be  provided;  in  this  case  it  is  extruded 
aluminum-bronze.  This  can  be  obtained  extruded  in 
tubular  form,  very  close  to  the  finished  dimensions. 
While  the  cost  of  this  is  not  negligible,  a  remarkably 
durable  valve-seat  is  obtained  and,  furthermore,  the  in- 
serts can  be  replaced  with  ease  if  damaged  or  worn-out, 
although  the  life  is  probably  far  in  excess  of  that  of  any 
iron  or  steel  seat.  The  aluminum  head  will  accumulate 
less  carbon-deposit,  and  the  deposit  obtained  is  more 
readily  removable  than  that  on  cast  iron.  Aircraft  prac- 
tice at  present  uses  forged-steel  barrels  with  machined 
integral  fins.    The  Engineering  Division  is,  however,  in- 
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Fig.    6 — Plan    View    and    Side    Elevation    of    a   Four-Cylinder    In-Line 

Engine     with     the     Same    Arrangement     of     Ports     as    the    Engine 

Illustrated  in  Fig.  4 


vestigating  the  possibilities  of  obtaining  centrifugally 
cast  steel-barrels,  with  little  or  no  machining  on  the  fins. 
Should  this  prove  possible,  use  might  be  made  of  barrels 
produced  in  this  manner  for  car  practice.     In  any  case, 


Fig. 


-A    Motorcycle    Cylinder    with    an    Aluminum    Head 
Screwed   on    to    a    Cast-Iron    Barrel 


centrifugal  cast-iron  barrels  appear  to  be  a  commercial 
product  for  car  practice,  as  centrifugal  casting  produces 
a  high-grade  material  having  great  strength,  close  grain, 
excellent  wearing  properties  and  uniform  machining 
characteristics,  with  little  wastage  due  to  unsoundness. 
Threading  the  head  and  the  barrel  should  not  prove  very 
costly  with  suitable  tooling.  The  limits  need  not  be  ex- 
cessively fine  if  the  minimum  shrink  be  such  as  to  pro- 
duce a  slight  permanent-stretch  in  the  head.  If  the 
maximum  shrink  within  the  limits  set  be  obtained,  this 
will  merely  cause  an  increased  stretch  of  the  head.  The 
general  result  will  be  to  obtain  a  nearly  uniform  amount 
of  actual  shrink  between  the  head  and  the  barrel,  irre- 
spective of  the  initial  shrink.  The  use  of  a  separate 
barrel  allows  the  replacement  of  this  part  in  the  event 
of  scoring  or  other  damage.  The  use  of  the  aluminum 
head  also  causes  additional  expense,  due  to  the  necessity 
for  spark-plug  bushings. 

Fig.  5  shows  a  successful  motorcycle  cylinder  having 
an  aluminum  head  with  a  screwed  and  shrunk  cast-iron 
barrel.  With  aluminum  heads,  rough  handling  is  liable 
to  result  in  unscrewing  the  studs  from  the  casting  while 
removing  nuts.  Replacement  of  the  valve-guides  is  also 
liable  to  result  in  torn  and  scored  bosses,  unless  carried 
out  with  care.  Hard  alloys  and  the  use  of  bronze  studs 
go  far  toward  minimizing  the  above-named  troubles.  In 
any  case,  the  aluminum  head  does  not  suffer  from  the 
burning  together  of  cylinder  metal  and  studs  or  valve- 
guides  that  is  liable  to  occur  with  cast  iron. 

The  fin  proportions  recommended  for  cast  iron  are  also 
suitable  for  use  with  aluminum.  To  stand  rough  han- 
dling, finning  for  car  engines  should  generally  be  heavier 
than  that  used  for  aircraft  engines,  the  slight  increase 
of  weight  and  possibly  of  cost  being  of  no  moment. 

Cooling  Surface 

The  cooling  surface  obtainable  with  finning  of  the  pro- 
portions recommended  will  not  vary  very  much.  The 
B.  S.  A.  cylinder  of  approximately  3%-in.  bore  and  3%- 
in.  stroke  has  4.18  sq.  ft.  of  area  in  the  fin,  head,  barrel 
and  port  surfaces  and,  at  the  normal  maximum  output 
of  8.5  b.hp.  per  cylinder,  this  is  equivalent  to  almost  0.5 
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sq.  ft.  per  maximum  hp.  The  larger  the  cylinder  is,  the 
lower  the  cooling  surface  obtainable  per  unit  capacity 
becomes  and,  while  the  smaller  cylinder  usually  works  at 
a  higher  number  of  revolutions  per  minute  and  has 
higher  output  per  unit  capacity,  it  nevertheless  usually 
has  greater  cooling  surface  per  maximum  brake-horse- 
power. 

The  type-K  cylinder  has  6.68  sq.  ft.  of  cooling  surface; 
the  head  has  3.60  sq.  ft.  and  the  barrel  has  3.08  sq.  ft. 
At  110-lb.  per  sq.  in.  brake  mean  effective  pressure  and 
a  speed  of  2000  r.p.m.,  or  24.3  b.hp.,  this  is  equivalent  to 
0.275  sq.  ft.  per  b.hp.  A  much  higher  output  is  obtain- 
able from  this  cylinder  with  a  cast-iron  head,  with  satis- 
factory operation,  although  a  blast  velocity  of  60  m.p.h. 
or  more  has  to  be  used. 

The  type-J  Engineering-Division  cylinder  has  11.40 
sq.  ft.  of  cooling  surface;  the  head  has  6.95  sq.  ft.  and  the 
barrel  has  4.45  sq.  ft.  It  has  a  normal  power  of  47.5 
b.hp.  at  1700  r.p.m.,  although  considerably  more  can  be 
obtained  without  overheating;  this  is  equivalent  to  0.240 


Exhaust. 
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Fig.   7 — Exterior  View  and  Sectional   Elevation  of  the  4D 
Cylinder  Developed  by  the  Royal  Aircraft  Establishment 

sq.  ft.  per  b.hp.     This  cylinder  cools  excellently  at  full 
throttle  in  a  70-m.p.h.  blast. 

The  performance  of  the  B.  S.  A.  engine  is  of  interest 
in  showing  the  ease  with  which  air-cooled  cars  with 
reasonable  cylinder  design  can  be  cooled.  This  engine, 
of  only  65-cu.  in.  capacity,  gives  satisfactory  cooling  on 
the  road  while  pulling  a  car  weighing  1700  lb.  when 
loaded.  It  has  no  cooling  fan,  the  motion  of  the  car  be- 
ing relied  on  entirely  for  the  cooling-air  supply.  An 
•engine  of  such  a  capacity  works  at  a  considerably  higher 
mean  power-factor  than  do  engines  of  capacities  suitable 
for  use  in  this  Country.  In  view  of  this  perfoi'mance, 
the  author  has  no  hesitation  in  claiming  that  extremely 
efficient  cooling  can  be  obtained  from  any  four  or  six- 
cylinder  car-engine  having  finning  of  the  recommended 
proportions  and  a  cooling-surface  allowance  of  0.4  sq.  ft. 
per  maximum  b.hp.  This  allowance,  in  conjunction  with 
a  suitable  cooling  fan  that  absorbs  not  over  3  per  cent  of 
the  maximum  engine  brake  horsepower,  should  give  ex- 
cellent cooling  at  continuous  full-throttle  on  the  road, 
provided  reasonable  cylinder-design  and  air-distribution 
be  used. 

Port-Arrangement  for  In-Line  Engines 

It  is  of  interest  to  examine  the  possible  port-arrange- 
ments with  hemispherical-type  cylinder-heads  on  in-line 


Pig.   S — Plan  View  and  Side  Elevation  of  a  Four-Cylinder  In- 
Line    Engine   with    the    Same    Arrangement    of    Ports    as    the 
Engine  Illustrated  in  Fig.  7 

engines.  Fig.  4  shows  what  is  probably  the  best  arrange- 
ment, as  it  allows  exhaust-side  draft.  This  type  gives 
the  most  uniform  cooling  and  results  in  the  most  readily 
molded  cylinder  casting.     Fig.   6   shows  a   layout   of   a 
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Fig.  9 — Plan  View,  Elevations  and  Section  of  a  Hemispherical- 
Head  Cylinder  with  Both  Port  Outlets  on  One  Side 
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four-cylinder  in-line  engine  with  this  port-arrangement. 
Fig.  7  shows  another  possible  layout;  this  type  of  cylin- 
der has  given  very  successful  results  on  the  R.A.E.  4D 
aircraft-engine.  This  arrangement  tends  to  produce  a 
longer  engine  than  that  shown  in  Fig.  6,  as  the  valve- 
springs  and  the  like  of  adjacent  cylinders  are  liable  to 
interfere  with  each  other,  particularly  if  enclosed  valve- 
gear  and  valves  inclined  at  a  large  angle  be  used.  The 
cylinder  casting  in  this  case  is  not  produced  so  readily 
as  that  shown  in  Fig.  6.  Fig.  8  shows  a  four-cylinder 
in-line  engine  with  the  above-mentioned  arrangement  of 
porting.  This  type  of  porting  does  not  give  the  best 
possible  distribution  of  temperature.  Fig.  9  shows  yet 
another  possible  type  of  porting.  This  is  used  on  the 
highly  successful  Armstrong-Siddeley  radial  air-cooled 
aircraft-engines.  This  allows  the  intake  and  exhaust- 
manifolds  to  be  on  the  same  side  of  the  engine,  which 
may  be  of  advantage  for  hot-spotting  and  stoving.  This 
type  of  porting  has  the  same  foundry  difficulties  and 
temperature-distribution  disadvantages  as  that  of  Fig.  7. 
Fig.  10  shows  an  in-line  engine  with  this  port-arrange- 
ment. 

Regarding  the  relative  merits  of  the  three  port- 
arrangements  illustrated,  that  shown  in  Fig.  6  is  the 
best  and  those  in  Figs.  8  and  10  are  of  equal  merit.  It 
is  considered  that  an  engine  with  cast-iron  cylinders, 
having  ports  as  shown  in  Fig.  6,  will  cool  and  perform 
about  as  efficiently  as  an  aluminum-cylinder  engine  with 
porting  such  as  that  shown  in  Figs.  8  or  10.  For  the 
best  all-round  design,  there  is  little  question  that  an 
aluminum  engine  with  Fig.  6  porting  is  superior,  as  this 
will  allow  large  valve  inclination,  permit  the  shortest 
engine  and  give  the  most  efficient  cooling. 

Camshaft  and  Valve-Gear  Arrangement 

The  port-arrangement  shown  in  Fig.  6  necessitates  two 
camshafts  with  a  push-rod  valve-gear  or,  alternatively, 
an  overhead  camshaft.  The  author  considers  that  the 
push-rod  type  is  by  far  the  best  for  a  touring-car 
engine,  when  it  is  considered  that  the  advantage  of  the 
separate  cylinder  as  regards  handling,  adjustment  and 
decarbonizing  is  largely  lost  with  solid-head  air-cooled 
cylinders  if  an  overhead  camshaft  be  adopted.  Push-rod 
valve-gears,  to  operate  successfully  at  3000  r.p.m.  and 
more,  can  be  produced  with  careful  but  not  necessarily 
expensive  design.  The  port  layouts  of  Figs.  8  and  10 
allow  the  use  of  a  single  camshaft  with  push-rods  and 
practically  prohibit  the  use  of  an  overhead  camshaft. 

In  settling  the  port  and  camshaft  arrangement,  it  will 
be  largely  a  question  of  striking  an  economic  balance 
between  the  simpler  cylinder-casting,  more  efficient  cool- 
ing, cheaper  cylinder  material  for  equally  efficient  cool- 
ing, shorter  engine  and  more  expensive  camshaft  ar- 
rangement produced  by  a  design  similar  to  Fig.  6;  and 
the  more  difficult  castings,  possibly  longer  engine,  less 
efficient  cooling  and  cheaper  camshaft  arrangement  re- 
sulting from  designs  such  as  those  shown  in  Figs.  8 
and  10. 

As  regards  valve-gear,  the  author  considers  that  there 
is  no  possible  excuse  for  the  use  of  open-type  gear,  ex- 
cept that  of  cheapness.  The  open  gear  is  noisy  and 
wears  rapidly;  this  gives  trouble  particularly  with  worn 
valve-stems  and  results  in  bad  running  at  low  speeds. 

The  enclosed  gear,  having  lubricated  surfaces,  can  be 
made  to  be  extremely  satisfactory.  The  enclosure  causes 
the  push-rods  to  be  kept  warm;  the  result  is  that  the 
valve-tappet  clearance  can  be  maintained  almost  constant 
by  the  use  of  suitable  push-rod  material.     An  enclosed 


"See  The  Journal,  April.  1922,  p.  231. 


valve-gear,  when  using  suitable  push-rod  material  (such 
as  aluminum,  bronze  or  steel,  depending  upon  the  type 
and  the  material  of  the  cylinder  and  the  temperature  at- 
tained by  the  rods),  backed-off  cams  and  positive  lubri- 
cation, can  be  made  remarkably  silent  in  spite  of  the 
greater  resonance  of  an  air-cooled  cylinder  in  compari- 
son with  a  water-cooled  cylinder. 

The  type  of  enclosed  valve-gear  shown  in  Figs.  1  and 
4  has,  in  the  author's  experience,  given  considerable- 
satisfaction.  While  the  angles  of  the  boxes,  push-rods 
and  rockers  appear  to  result  in  complication,  neverthe- 
less the  parts  are  really  remarkably  easy  to  produce  and 
the  difficulty  of  the  type  is  mainly  confined  to  the  design 
office. 

The  lubrication  of  the  type  of  valve-gear  shown  is- 
satisfactorily  attained  by  breathing  through  the  valve- 
gear,  vertical  slots  being  cut  in  the  cam-follower  guides 
and  the  vapor  being  exhausted  through  a  small  hole  in 
each  rocker-box  cover.  In  the  B.  S.  A.  90-deg.  V-type 
engine  very  satisfactory  lubrication  was  obtained  by 
breathing  through  the  valve-gear,  this  being  assisted  by 
the  large  variation  of  crankcase  pressure  occurring  dur- 
ing every  revolution,  producing  a  pulsation  of  vapor  into 
the  boxes  from  the  crankcase  and  back  again.  Breath- 
ing through  the  valve-gear  tends  to  produce  an  engine- 
with  an  oily  and  dirty  exterior,  and  allows  the  possible- 
ingress  of  dust  and  grit.  Direct  oil-feed  to  the  valve- 
gear  is  probably  the  most  certain  system  and  has  decided 
advantages  as  regards  valve-cooling,  but  it  must  be  used: 
with  caution,  as  an  excess  of  oil  will  result  in  the  valves- 
not  following  the  cams,  smoky  exhaust  and  fouled  spark- 
plugs. 

Sleeve-Valve  Types 

Although  the  author  has  had  no  experience  with  the? 
type,  and  while  relatively  little  work  has  been  done  on 
air-cooled  sleeve-valve  engines,  he  considers  that  the  type- 
should  be  given  thought.  Tests  by  the  Engineering 
Division  on  the  cast-iron  type-K  cylinder,  described 
under  the  subsequent  heading  of  Temperature,  have 
indicated  that  high  wall-temperatures  do  not  necessarily 
have  such  deleterious  effects  as  are  commonly  assumed.. 
It  seems  that  the  unquestionably  high  internal  wall- 
temperatures  of  the  sleeve-valve  engine  may  be  of  no 
serious  disadvantage,  especially  in  view  of  the  absence 
of  red-hot  exhaust-valves. 

Temperature 

The  author  has  discussed  previously,  at  some  length, 
the  effect  of  mixture-strength,  compression-ratio  and 
blast  velocity  and  direction  upon  the  temperature  and 
the  output."  Since  then,  however,  reason  for  sharp  modi- 
fication of  the  views  expressed  has  arisen. 

Tests  on  a  cast-iron  head  type-K  cylinder  such  as  is 
shown  in  Fig.  1  have  been  the  cause  for  the  modification 
of  viewpoint.  The  cylinder  in  question  is  exactly  as- 
shown  in  Fig.  1,  except  that  the  bronze  valve-seat  and 
spark-plug  inserts  are  omitted,  and  it  has  a  cast-iron 
head  screwed  and  shrunk  onto  the  integrally  finned  steel- 
barrel.  The  cylinder  is  of  4V2-in.  bore  and  5%-in.  stroke; 
it  has  an  87.5-cu.  in.  capacity  and  an  internally  cooled 
wide-seat  tulip  exhaust-valve,  the  valve-gear  being  lubri- 
cated by  forced  feed.  The  best  performance  is  a  brake 
mean  effective  pressure  of  140  lb.  per  sq.  in.  at  1800 
r.p.m.,  or  28.0  hp.,  with  a  5.3  compression-ratio  and  an 
0.56-lb.  fuel-consumption  when  using  a  mixture  of  80- 
per  cent  of  aviation  gasoline  and  20  per  cent  of  benzol. 
This  performance  was  secured  with  an  air-temperature- 
of  55  deg.  fahr.  and  a  head-temperature  of  730  deg.  fahr. 
at  Tlt  the  blast  speed  being  100  m.p.h.     It  is  possible- 
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under  these  conditions  to  run  continuously  on  full 
throttle  with  no  thermal  trouble  and  no  more  detonation 
than  is  usual  with  an  aircraft  engine  of  high  output.  Not 
unnaturally,  a  cylinder  having  such  high  wall-tempera- 
tures is  rather  sensitive  to  such  conditions  as  air-tem- 
perature and  spark-advance,  and  it  has  not  proved  pos- 
sible to  duplicate  regularly  the  output  just  quoted.  How- 
ever, it  has  been  found  possible  to  maintain  regularly 
at  least  a  brake  mean  effective  pressure  of  130  lb.  per 
sq.  in.  at  1800  or  2000  r.p.m.,  with  head-temperatures  up 
to  800  deg.  fahr.  In  this  cylinder,  the  last  10  lb.  of  brake 
mean  effective  pressure  is  obtained  at  the  cost  of  a  very 
•  considerable  increase  of  the  head-temperature,  the  dif- 
ference between  120  and  130  lb.  causing  an  increase  of 
temperature  of  about  150  deg.  fahr. 

The  best  performance  of  this  cylinder  was  obtained 
under  nearly  ideal  conditions,  as  an  extremely  large  car- 
bureter was  used  to  secure  the  maximum  volumetric  effi- 
-ciency  and  the  maximum  temperature  of  the  exhaust- 
valve  was  about  900  deg.  fahr.,  this  temperature  being 
confined  to  a  very  small  zone.  It  was  thought  at  first 
that  the  high  output  was  due  to  the  internally  cooled 
•exhaust-valve,  eliminating  the  red-hot  surface  within  the 
•cylinder;  and  that,  under  such  conditions,  high  combus- 
tion-chamber temperatures  were  of  no  great  moment. 
This  assumption,  however,  was  proved  incorrect  by  com- 
parative tests  of  cooled  and  uncooled  valves.  The  tests 
were  carried  out  on  the  same  day.  With  the  cooled 
valve,  a  brake  mean  effective  pressure  of  approximately 
135  lb.  per  sq.  in.  was  obtained;  the  maximum  tempera- 
ture of  the  valve-head  was  approximately  900  deg.  fahr. 
and  the  stem  was  dead-black.  With  the  uncooled  valve, 
no  change  in  the  power  or  the  cylinder-head  temperature 
was  evident.  The  uncooled  valve  attained  a  maximum 
temperature  of  about  1300  deg.  fahr.,  which  is  decidedly 
hot.  In  view  of  the  fact  that  the  cylinder-head  tempera- 
ture was  more  than  700  deg.  fahr.  and  that  the  valve  was 
not  of  the  best  design  for  use  without  internal  cooling, 
it  was  a  cause  of  surprise  that  the  valve-cooling  was  as 
efficient  as  it  proved  to  be,  especially  as  similar  valves 
in  many  water-cooled  engines  run  just  as  hot,  although 
with  cylinder-head  temperatures  that  are  probably  of  the 
order  of  400  deg.  fahr. 

In  the  author's  experience,  cylinder-wall  temperatures 
of  the  order  of  those  attained  by  the  type-K  have  hitherto 
invariably  been  associated  with  low  output,  excessive 
thermal  trouble  with  the  valves  and  the  cylinder-head, 
detonation  and  a  very  low  thermal  efficiency.  The  type-K 
cast-iron  cylinder  has  had  more  than  50  hr.  of  rather 
brutal  full-throttle  testing  and,  during  this  time,  it  has 
developed  no  thermal  trouble  beyond  burnt  or  disinte- 
grated spark-plugs.  This  cylinder  attains  wall-tempera- 
tures that  militate  against  fuel  economy,  and  the  mini- 
mum fuel-consumption  obtained  was  about  0.45  lb.  per 
b.  hp-hr.,  this  consumption  being  obtained  only  by  very 
delicate  adjustment;  it  could  be  duplicated  or  bettered 
with  much  greater  ease  in  an  aluminum  cylinder. 

The  blast  direction  shown  in  Fig.  1  is  not  the  most 
suitable,  and  some  reduction  of  the  temperature  could 
be  obtained  by  the  use  of  exhaust-side  blast  in  conjunc- 
tion with  a  port-arrangement  similar  to  that  in  Fig.  4. 
The  cast-iron  type-K  cylinder  can  be  operated  at  full 
throttle  in  a  blast  velocity  as  low  as  60  m.p.h.  without 
any  reduction  of  the  output  or  an  increase  of  the  fuel  con- 
sumption, although,  of  course,  the  head-temperature  and 
the  tendency  to  detonation  increase. 

There  is  no  question  that  the  cooling  of  this  cylinder 
would  be  improved  markedly  if  a  heavy  integral  cast-iron 
barrel  were  used  in  place  of  the  light  screwed-in  steel- 


Pig.  10 — Plan  View  and  Side  Elevations  of  a  Four-Cylinder  In- 
line  Engine    with   Both   Port  Outlets    on   the   Same   Side 

barrel.  When  choked  down  to  a  brake  mean  effective 
pressure  of  105  or  110  lb.  per  sq.  in.  and  arranged  with 
a  suitable  blast  direction  and  port  layout,  a  cast-iron 
cylinder  of  even  this  size  should  give  very  satisfactory 
results  in  car  or  truck  service,  although  such  power  per 
cylinder  is  hardly  likely  to  be  required.  When  throttled 
to  a  brake  mean  effective  pressure  of  110  lb.  per  sq.  in., 
a  considerable  reduction  in  the  head-temperature  can  be 
expected  and  excellent  fuel-economy  should  be  obtained 
without  difficulty. 

The  fuel  economy  between  three-quarter  and  full  throt- 
tle is  usually  of  little  importance  on  a  car  or  truck  en- 
gine, as  relatively  little  running  is  done  in  this  range. 
As  the  effect  of  an  increased  specific  fuel-consumption  is 
to  reduce  the  cylinder  temperature  markedly  it  is  prob- 
able that  beneficial  results  will  be  obtained  by  progres- 
sively stepping-up  the  consumption  from  0.55  lb.  at 
three-quarter  throttle  to  0.70  or  0.75  lb.  at  full  throttle. 
This  will  tend  to  secure  the  maintenance  of  a  constant 
cylinder-temperature  and  the  elimination  of  detonation, 
and  probably  will  not  increase  the  fuel  consumption  in 
miles  per  gallon  on  account  of  permitting  more  full- 
throttle  work  and  requiring  a  lower  power-consumption 
in  the  cooling  fan. 

It  is  commonly  said  that  air-cooled  car-engines  pick- 
up poorly  on  high-gear  from  low  speeds.  This  is  prob- 
ably caused  by  charge-heating  due  to  the  hot  walls,  and 
the  relatively  large  period  available  for  heating  at  low 
speeds.  In  the  author's  limited  experience  with  air- 
cooled  car-engines,  however,  poor  pick-up  at  low  speeds 
has  not  proved  to  be  a  necessary  evil  of  air-cooling. 
Torque  at  low  speeds  and  pick-up  are  closely  connected, 
and  comparatively  the  most  determined  puller  at  low 
speed  on  high-gear  that  the  author  has  had  experience 
with  was  an  air-cooled  two-cylinder  car-engine.  A  very 
probable  cause  for  poor  pick-up  on  air-cooled  cars  appears 
to  be  the  very  odd  heavily  overlapped  valve-timing  that 
is  considered  necessary.  Such  timing,  while  desirable  for 
aircraft  or  racing  engines,  is  not  by  any  means  suitable 
for  a  touring-car  engine. 

It  is  probable  that  such  temperatures  as  are  quoted 
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for  the  type-K  cylinder  would  result  in  a  poor  pick-up. 
Temperatures  of  this  order  are  not  generally  to  be  rec- 
ommended and,  in  any  case,  would  be  produced  only  by  a 
long  full-throttle  pull.  They  could  be  eliminated  by  shift- 
ing gears  and  speeding-up  the  engine  with  the  throttle 
partly  closed  thus  increasing  the  air  supply  and  reducing 
the  flame  temperature.  The  average  water-cooled  engine 
of  medium  class  is  not  usually  remarkable  for  pick-up 
immediately  after  a  15  to  20-in.  pull  on  full  thu-ottle. 

In  the  light  of  present  knowledge,  it  seems  desirable 
for  average  service  to  limit  the  maximum  cylinder-tem- 
perature to  about  600  deg.  fahr.  and  the  mean  temper- 
ature to  about  350  deg.  fahr.,  although  these  figures  can 
be  exceeded  for  short  periods  safely.  The  author  is  of 
the  opinion  that,  if  measures  be  taken  to  insure  that  the 
exhaust-valve  temperature  never  exceeds  1000  deg.  fahr., 
maximum  and  mean  temperatures  considerably  higher 
than  those  quoted  can  be  used  without  danger.  In  decid- 
ing how  high  the  temperatures  are  to  be  allowed  to  go, 
it  will  be  necessary  to  settle  just  how  much  the  pick-up 
following  a  long  full-throttle  burst  can  be  sacrificed.  The 
use  of  very  high  cylinder-temperatures  also  has  an  unde- 
sirable influence  on  detonation,  a  factor  of  considerable 
importance  with  low-grade  automobile-fuel. 

The  Engineering  Division  has  investigated  tempera- 
ture conditions  in  the  wall  of  a  Liberty-engine  cylinder 
and,  although  this  investigation  is  still  in  progress,  the 
preliminary  results  are  of  great  interest  for  comparative 
purposes.  The  tests  were  conducted  with  full  throttle 
at  normal  speed,  water  temperature  and  water  circula- 
tion. With  walls  and  jackets  free  of  scale,  the  maximum 
temperature  in  the  combustion-chamber  wall  was  310 
deg.  fahr.  When  the  walls  had  accumulated  an  0.025-in. 
thickness  of  scale,  which  is  approximately  the  maximum 
for  a  Liberty-engine  cylinder  because  flaking-off  occurs 
on  reaching  this  thickness  owing  to  the  deflection  of  the 
head  walls,  the  maximum  temperature  rose  to  430  deg. 
fahr.  Heavily  scaled  cylinder  and  jacket-walls  are  the 
normal  condition  of  the  average  water-cooled  engine, 
scale  of  even  1  *  or  3  16-in.  thickness  being  not  unusual. 
The  effect  of  such  a  coating  on  the  wall  temperature  can 
be  imagined  readily  if  0.025  in.  is  sufficient  to  account 
for  a  temperature-rise  of  120  deg.  fahr.  in  a  Liberty 
engine  cylinder. 

The  Liberty-engine  tests  indicate  that  there  is  prob- 
ably little  difference  in  the  cylinder-wall  temperature  of 
a  good  air-cooled  cylinder  and  that  of  a  water-cooled  type 
after  it  has  seen  some  service  and  become  scaled-up. 
Large  aluminum  aircraft-cylinders,  such  as  the  Engineer- 
ing Division  type-J  that  develops  well  over  40  b.hp.,  will 
run  on  continuous  full-throttle  for  8-hr.  periods  with 
maximum  cvlinder-head  temperatures  of  400  to  450  deg. 
fahr. 

i:\haust- Valve  Cooling 

The  design  of  the  exhaust-valve  port  and  seat  in  the 
average  car  engine,  whether  water  or  air-cooled,  is  ex- 
tremely crude  from  the  viewpoint  of  the  proponent  of 
the  aircraft  engine.  A  run  of  10  hr.  with  full  throttle 
at  2000  r.p.m.  will  work  severe  havoc  with  the  exhaust- 
valves  and  seats  of  most  car  engines ;  whereas,  in  an  air- 
craft engine,  the  valves  will  merely  be  nicely  run-in 
after  such  a  test. 

Much  of  the  barbaric  practice  exhibited  in  car-engine 
exhaust-valve  cooling  has  not  even  the  virtue  of  being 
cheaper  than  good  design.  The  worst  features  of  aver- 
age practice  are  as  follows : 

(1)  The  width   of  the   seat  in  the  cylinder  is  usually 
extremely  small 

(2)  The  rim  of  the  valve  is  often  very  thin 


(3)  A  considerable  length  of  the  valve-stem  is  often 
directly  exposed  to  flame 

(4)  The  length  of  the  valve-guide  within  the  exhaust- 
port  is  usually  directly  exposed  to  flame,  instead  of 
being  shrouded  by  the  valve-guide  boss 

(5)  Valve-stems  of  very  small  diameter  are  often  used 

(6)  Valve-seats  in  water-cooled  engines  are  rarely  in 
direct  contact  with  water  for  the  entire  circumfer- 
ence of  the  seat.  In  many  air-cooled  engines  no 
attempt  is  made  to  circulate  air  between  the  intake 
and  exhaust-ports.  On  the  contrary,  a  wall  of 
solid  metal  usually  joins  the  two  ports  at  the 
point  of  closest  proximity 

Taking  these  points  in  order,  the  disadvantages  of 
each  will  be  enumerated.  The  narrow  seat  referred  to 
in  (1)  involves  a  high  specific  rate  of  heat-flow  from  the 
valve  to  the  cylinder  seat.  This  increases  the  tempera- 
ture-drop from  the  valve  to  the  cylinder  and  thus  in- 
creases the  valve  temperature.  Apparently,  narrow  seats 
are  used  for  their  rapid-seating  qualities  although,  gen- 
erally, they  seem  to  unseat  almost  as  quickly  as  they  seat. 
Extremely  wide  seats  have  a  tendency  to  pit  slightly  in 
excessively  oily  engines,  on  account  of  carbon  being  ham- 
mered into  the  face  of  the  seat  of  either  the  valve  or  the 
cylinder,  whichever  be  the  softer. 

The  bad  qualities  of  valves  with  ultra-thin  rims,  men- 
tioned in  (2),  are  not  very  readily  apparent  on  the  sur- 
face. However,  consider  the  thermal  conditions  in  a 
valve  that  is  blowing-by  in  the  seat,  a  condition  that  will 
occur  more  or  less  in  service.  Hot  gas  is  blown  through 
an  aperture  of  small  sectional-area  and  large  exposed  sur- 
face, which  removes  most  of  the  available  heat-content  of 
the  gas.  The  gas  is  at  a  high  temperature  and  pressure 
and  possesses  an  extreme  cutting-quality  on  red-hot 
metal.  When  blowing  occurs,  a  large  volume  of  heat  is 
liberated  in  the  leak  aperture.  In  the  cylinder,  this  heat 
will  flow  radially,  circumferentially  and  axially  in  the 
cylinder  metal  away  from  the  location  of  the  blow.  In 
the  valve,  the  heat  will  flow  circumferentially  and  radially 
to  the  remainder  of  the  valve-head.  If  the  valve  has  a 
thin  rim,  there  will  not  be  sufficient  heat-flow  capacity 
to  conduct  the  heat  to  the  cooler  portions  of  the  valve 
fast  enough  to  prevent  the  metal  at  the  location  of  the 
blow  being  raised  to  the  burning  temperature. 

With  a  thick  valve-rim,  sufficient  circumferential  heat- 
flow  capacity  exists  to  carry  the  heat  away  from  the  leak 
aperture  fast  enough  to  prevent  the  temperature  rising 
locally  to  the  erosion  or  burning-point.  The  radial  heat- 
flow  capacity  does  not  seem  to  be  of  as  much  importance 
as  the  circumferential  heat-flow  capacity.  The  Engineer- 
ing Division  has  run  tulip  valves  with  thick  rims  and  thin 
centers  at  full-throttle  for  many  hours  under  conditions 
of  continual  local-blowing,  without  any  burning  and  with 
only  the  slightest  of  scaling.  Such  tests  have  been  car- 
ried out  with  valves  of  high-tungsten  steel  that  burn 
readily  if  the  design  be  poor. 

That  rim-burning  is  due  to  insufficient  capacity  to  con- 
duct the  heat  away  from  the  point  of  leakage  appears  to 
be  proved  by  the  fact  that  a  valve  that  is  not  rotating 
may  have  a  large  piece  burnt  out  of  the  rim,  and  the  cyl- 
inder seat  at  the  location  of  the  blow  will  not  be  scaled 
even  slightly.  This  is  due  to  the  fact  that  the  heat  is 
abstracted  from  the  cylinder  seat  so  fast  that  the  tem- 
perature cannot  reach  even  the  scaling-point. 

In  regard  to  items  (3)  and  (4),  the  materials  section 
of  the  Engineering  Division  has  been  able  to  determine 
by  micrographic  examination  of  its  structure  that,  in  a 
valve  operating  with  a  bright  red-hot  stem,  a  sharp 
change  in  the  character  of  the  structure  occurs  at  ap- 
proximately the  point  where  the  stem  enters  the  guide, 
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Fig.  11 — Partial  Section  op  an  Engine  Illustrating  Poor  Valve-Cooling  Conditions 


the  structure  showing  that  the  portion  of  the  stem  be- 
yond the  guide  has  reached  a  much  higher  temperature 
than  the  section  shrouded  by  the  guide.  This  evidence 
merely  confirms  the  conclusions  of  observation  and  ex- 
perience with  aircraft  engines.  The  subject  is  of  suffi- 
cient interest  to  warrant  reiterating  the  considerations 
of  heat-flow  from  the  valve-stem  to  the  cooling  medium, 
and  of  heat  absorption  within  the  exhaust-port  by  the 
valve-stem,  guide  and  guide  boss. 

If  the  whole  of  the  section  of  the  valve-stem  within 
the  port  be  beyond  the  guide  end,  the  whole  of  the  axial 
flow  of  heat  from  the  head  has  to  be  carried  by  the  stem 
which  is,  in  addition,  absorbing  heat  from  the  exhaust 
gases  throughout  its  exposed  length.  If  the  whole  par- 
allel section  of  the  stem  within  the  port  be  shrouded  with 
the  exposed  guide,  the  conditions  are  somewhat  better, 
provided  the  guide  be  of  sufficient  thickness  to  be  able  to 
conduct  the  heat  axially  without  reaching  a  red  heat. 
The  exposed  guide  is  better  than  the  exposed  stem,  as  the 
heat-flow  capacity  of  both  the  stem  and  the  guide  is 
available  for  axial  heat-flow  to  the  port  wall  and  the 
guide  housing.  The  guide,  of  course,  presents  more  sur- 
face to  the  flame  than  an  exposed  stem,  but  is  more  able 
to  get  rid  of  the  heat  absorbed,  as  this  only  has  to  pass 
a  single  thermal  gap  in  flowing  to  the  cylinder  metal; 
whereas  the  heat  from  the  stem  has  to  pass  two.  The 
first  is  a  bad  gap,  that  occasioned  by  the  loose  fit  of  the 
stem  in  the  guide;  the  second  is  the  thermal  gap  caused 
by  the  fit  of  the  guide  in  the  guide  boss,  which  is  much 
less  serious  than  the  former  because  the  guide  is  a  drive 
or  force  fit  in  the  guide  boss. 

The  design  in  which  the  whole  of  the  parallel  length 
of  the  stem  within  the  port  is  covered  by  the  guide,  the 
guide  in  turn  being  completely  shrouded  by  a  fairly  thick 
guide-boss,  has  proved  to  be  the  most  satisfactory  in  full- 
throttle  service.  Heat  flowing  along  the  stem  begins  to 
be  dissipated  rapidly  to  the  guide  at  the  point  where  the 
stem  enters  the  guide.  The  guide,  in  turn,  begins  to 
dissipate  the  heat  to  the  valve-guide  boss.  Thus  the 
stem,  the  guide  and  the  guide  boss,  are  available  for  the 
axial  transmission  of  the  heat  to  the  port  wall.  The  heat- 
absorption  effect  of  the  large  exposed  surface  of  a  long 
guide-boss  having  relatively  a  large  diameter  seems  to  be 
of  little  importance,  as  the  boss  is  part  of  the  port  metal 
and  the  resistance  to  the  heat-flow  is  small.  Theoreti- 
cally a  large  guide-boss  appears  to  be  bad  on  account  of 
causing  turbulence,  thereby  increasing  the  heat  absorp- 
tion ;  but,  in  practice,  any  ill  effects  due  to  this  cause  are 
completely  nullified  by  the  improved  cooling  obtained. 

Valve-stems  of  small  diameter,  item  (5),  have  a  low 
axial  heat-flow  capacity  and  insufficent  surface  to  trans- 
mit the  heat  to  the  valve-guide.     Hence,  they  cause  a 


greater  temperature-gradient  in  the  stem  and  a  higher 
temperature-drop  from  the  stem  to  the  guide  than  exists 
with  large-diameter  stems. 

The  ideal  cylinder  valve-seat,  item  (6),  is  symmetrical, 
equally  cooled  at  all  points  of  its  circumference  and  of 
such  proportions  that  it  will  not  distort  due  to  circum- 
ferential inequalities  of  the  temperature,  if  -such  occur, 
or  uneven  temperature-distribution  in  other  portions  of 
the  head. 

The  design  shown  in  Fig.  11  exhibits  the  undesirable 
characteristics,  and  is  of  a  class  found  in  many  automo- 
bile engines.  It  is  not  surprising  that  this  type  is  pro- 
ductive of  distorted  valve-seats,  leading  to  the  cracking 
and  the  burning  of  the  seat  and  scaled  and  burnt  valves. 
This  design  exhibits  all  of  the  objectionable  features 
cited  and,  as  regards  the  features  producing  seat  and 
guide  cooling,  is  not  appreciably  cheaper  to  produce  than 
that  shown  in  Fig.  12,  which  illustrates  an  exhaust-port 
section  of  the  type-K  cylinder.  This  valve  layout,  while 
admittedly  involving  extreme  steps  to  secure  the  valve 
cooling,  is  nevertheless  worth  the  price  involved  for  air- 
craft purposes.  The  valve  is  internally  cooled,  resulting 
in  the  tip  of  the  valve-stem  running  at  much  higher  tem- 
perature than  it  would  run  otherwise.  The  hot  tip  of 
the  valve  is  exposed  to  an  oil-spray.  Thus,  a  large 
amount  of  the  heat  is  dissipated  to  the  oil  and  the  direct 
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Pig.   12 — Section  of  the  Type-K  Exhaust-Valve  and  Port 
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transmission  of  the  heat  from  the  stem  to  the  guide  is 
facilitated  by  the  oil-film  between  the  two.  This  design 
produces  a  remarkably  efficient  valve-cooling  because,  on 
continuous  full-throttle  in  a  cast-iron  cylinder,  the  maxi- 
mum valve  temperature  obtained  is  less  than  1000  deg. 
fahr.  and  this  is  confined  to  a  narrow  band  on  the  neck. 

Air  Supply 

Few  successful  attempts  have  been  made  at  cooling  in- 
line engines  with  circumferential  finning.  Several  en- 
gines with  such  finning  have  been  produced  in  which  no 
effort  has  been  made  to  provide  uniform  air-distribution; 
a  propeller-type  fan  is  placed  at  the  front  of  the  engine 
and  blows  the  air  onto  the  front  of  the  front  cylinder 
and  down  the  sides  of  the  others.  While  such  systems 
may  function  sufficiently  well  to  allow  the  engine  to  pass 
muster  in  flat  country,  the  result  can  scarcely  be  called 
cooling  and  disaster  is  likely  to  result  from  any  attempt 
at  protracted  full-throttle  running  in  hilly  country.  It  is 
commonly  considered  that  it  is  next  to  impossible  to  ob- 
tain anything  like  an  even  air-supply  with  an  in-line  en- 
gine having  circumferential  finning.  The  reason  for  this 
impression  is  by  no  means  clear,  for,  if  it  is  possible  to 
secure  a  uniform  air-supply  with  an  in-line  engine  with 
axial  finning  having  an  air-duct  along  the  tops  of  the 
cylinders,  why  should  it  be  any  more  difficult  with  an  air- 
duct  along  the  sides?  The  supposed  difficulty  of  air  sup- 
ply on  car  engines  appears  to  be  responsible  for  the  gen- 
eral lack  of  individuality  in  cylinder  design  in  this  Coun- 
try. As  the  best-known  car-engine  has  axial  finning,  the 
stock-design  procedure  appears  to  be  a  copy  of  this,  ap- 
parently on  the  ground  that  anything  else  is  a  leap  into 
the  unknown.  Since  all  the  most  successful  high-duty 
air-cooled  cylinders  produced  in  this  Country  and  else- 
where are  of  the  circumferential-fin  type ;  that  is,  of  the 
Lawrance  and  the  Engineering-Division  types,  the  axial- 
fin  type  seems  to  be  the  more  risky,  for  it  has  yet  to  be 
produced  in  large  high-duty  sizes. 

Very  successful  cooling  was  obtained  in  the  past  with 
the  Renault  and  R.A.E.  air-cooled  engines  of  the  8  and 
12-cylinder  V-type.  As  a  V-type  engine  is  nothing  more 
than  two  in-line  engines  side-by-side,  there  appears  to  be 
little  reason  to  anticipate  any  grave  difficulty  in  securing 
a  uniform  air-supply.  Fig.  13  gives  a  general  idea  of  the 
cooling  system  used  in  the  R.A.E.  5  engine,  this  being  a 
copy  of  that  previously  used  on  the  very  successful 
Renault  air-cooled  V-type  engines.  The  R.A.E.  5  engine 
was  a  12-cylinder  60-deg.  V-type  having  cast-iron  L-head 
cylinders  of  100-mm.  (3.937  in.)  bore  and  140-mm.  (5.112 
in.)  stroke,  with  side  inlet-valves  in  cages  and  superim- 


posed exhaust-valves  seated  directly  in  the  cylinder-head. 
The  type  was  used  in  pusher  airplanes  and  the  cooling 
air  was  supplied  by  a  centrifugal  fan  at  the  anti-propeller 
end  of  the  crankshaft.  The  air  from  the  fan  volute  dis- 
charged directly  into  a  vertically  tapering  hood  enclosing 
the  top  of  the  V  and  thence  discharged  between  the  cylin- 
ders at  approximately  90  deg.  to  the  crank  axis.  This 
air-supply  arrangement,  assisted  by  the  blast  due  to  the 
propeller  inflow  and  the  velocity  of  transition,  gave  rea- 
sonably efficient  cooling  in  spite  of  what  is  now  known 
to  be  an  exceedingly  crude  cylinder  design.  The  engine 
complete  developed  140  net  b.hp.  and  the  fan  absorbed 
9.25  hp.  or  6.50  per  cent  of  the  engine  power.  The  ex- 
cessive power-consumption  of  the  fan  was  due  to  the 
crude  cylinder  design,  the  low  output  and  the  high  resist- 
ance to  air-flow  over  the  cylinder-heads.  For  use  in 
tractor  airplanes,  the  fan  was  omitted  and  the  hood  re- 
versed so  that  it  tapered  down  to  the  anti-propeller  end, 
the  front  plate  being  omitted  and  the  rear  end  of  the 
hood  and  the  rear  of  the  back  cylinders  being  blanked-off. 
Thus,  the  air  supply  was  scooped-up  by  the  hood  and 
discharged  between  the  cylinders  as  in  the  pusher  type. 
The  foregoing  should  suffice  to  show  one  tried  method 
of  cooling  V-type  engines,  and  it  is  now  proposed  to  deal 
with  the  cooling-air  supply  of  in-line  engines,  this  being 
the  type  of  most  general  interest  to  the  car  builder. 

Cooling  System  for  In-Line  Engines 

Fig.  14  shows  a  design  by  the  Engineering  Division 
for  a  cooling  system  for  in-line  engines.  This  design  is 
suitable  for  either  aircraft  or  mechanical-transport  ve- 
hicles, but  is  shown  adapted  to  a  passenger-car  engine. 
It  is  merely  an  evolution  of  the  Renault  and  RA.E. 
methods  applied  to  an  in-line  engine.  The  aim  in  this 
case  has  been  to  secure  an  approximately  uniform  air- 
distribution  to  all  of  the  cylinders  without  the  use  of  a 
large  amount  of  cowling  and  baffles,  both  of  these  hav- 
ing decided  disadvantages  in  destroying  accessibility  and, 
in  the  case  of  car  engines,  being  potential  rattle  and  squeak 
sources  and,  in  aircraft  engines,  causing  undesirable  addi- 
tional weight.  The  design  shown  uses  the  hood  or  engine 
covering  as  the  collector  and  the  ducts  for  the  cooling 
air  and  divides  this  into  two  compartments  along  the 
vertical  center  line  of  the  engine.  This  is  carried  out 
by  a  vertical  partition  arranged  so  that  air-flow  from  one 
side  of  the  engine  to  the  other  is  possible  only  through 
the  fin-cells. 

Air  is  collected  in  front  through  a  dummy  radiator,  the 
collection  being  probably  assisted  by  a  fan  in  the  case  of 
a  car  engine.  The  air  is  delivered  from  the  collector  duct 
to  the  sealed  pressure-compartment,  suitable  baffles  being 
arranged  as  shown  to  prevent  the  air  piling  up  at  the  rear 
of  the  compartment  and  thus  causing  the  major  portion 
of  the  air  to  flow  over  the  rear  cylinders.  The  pressure 
compartment  is  sealed  at  the  rear  by  the  dashboard  and 
at  the  bottom  by  a  sill.  The  air  flows  from  the  pressure 
compartment  to  the  exhaust  air-compartment  through  the 
fin-spaces,  all  air  being  effectively  used  and  none  wasted, 
and  thence  away  to  the  open  under  the  floor-boards 
through  holes  in  the  sill  or  through  suitable  louvers  in 
the  hood.  The  design  is  arranged  so  that  lifting  the  hood 
leaves  the  engine  practically  as  accessible  for  adjustment 
and  examination  as  in  the  normal  water-cooled  type. 

Blast  Direction 

It  has  been  shown  previously  that  the  method  of  appli- 
cation of  the  cooling  blast  to  a  circumferentially  finned 
cylinder  has  a  marked  effect  on  the  maximum  tempera- 
ture and  the  temperature  distribution.     It  is  manifestly 
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desirable  to  aim  at  holding  the  temperature  at  the  hot- 
test part  of  the  cylinder  to  a  minimum,  and  to  secure 
such  uniformity  of  the  temperature  distribution  through- 
out the  cylinder  and  the  combustion-chamber  walls  as 
will  eliminate  distortion,  axial  temperature-differences 
are  not  productive  of  distortion  but  circumferential  dif- 
ferences are.  This  result  is  suitably  achieved  in  prac- 
tice by  directing  the  cooling  blast  against  the  exhaust 
side  of  the  cylinder. 

Tests  made  on  a  four-valve  air-cooled  cylinder,  the  re- 
sults of  which  are  given  in  Table  3  of  the  author's  pre- 
vious paper,'  showed  that  the  maximum  combustion- 
chamber  wall-temperature  with  inlet-side  blast  was  197 
deg.  fahr.  higher  than  with  the  blast  on  the  exhaust  side 
and,  further,  that  the  circumferential  temperature-dif- 
ference at  the  top  of  the  bore  was  increasel  from  33  deg. 
fahr.  with  exhaust-side  blast  to  301  deg.  fahr.  with  inlet- 
side  blast.  Uniformity  of  the  circumferential  tempera- 
ture-distribution, and  thus  the  minimum  tendency  for 
the  cylinder  bore  to  go  out-of-round,  is  of  considerable 
importance  in  securing  silence  of  operation,  not  to  men- 
tion other  obvious  advantages. 

Exhaust-side  blast,  as  it  secures  the  maximum  effect 
from  a  given  air-supply  by  giving  the  major  cooling- 
effect  of  the  air  to  the  portions  of  the  cylinder  having  the 
maximum  heat-reception,  thus  allows  a  minimum  air- 
supply.  Minimum  air-supply  is  desirable  both  for  econ- 
omy of  fan-power  and  as  regards  the  rapid  warming-up 
of  the  engine.  With  large  aluminum  aircraft-engine 
cylinders,  satisfactory  results  are  obtained  with  the  blast 
directed  at  90  deg.  to  the  exhaust  side.  However,  even 
in  aircraft  practice,  with  aluminum  cylinders  and  the 
cooling  efficiency  not  restricted  by  considerations  of  cost, 
if  the  maximum  cylinder-size  and  minimum  air-supply 
are  aimed  at,  there  is  no  question  that  exhaust-side  blast 
is  desirable. 

Quantity  of  Air 

As  regards  the  quantity  of  air  required  for  cooling, 
much  will  depend  upon  such  circumstances  as  the  average 
air-temperature  in  the  locality  where  the  car  is  to  be 
used,  whether  the  country  is  flat  or  mountainous,  or  if 
long  periods  of  pulling  through  deep  sand  must  be  pro- 
vided for.  The  quality  of  the  cylinder  design  and  the 
efficiency  with  which  the  air  is  used,  that  is,  if  the 
maximum  effect  of  the  cooling-air  supply  is  given  to  the 
portions  of  the  cylinder  with  the  maximum  heat-recep- 
tion, will  have  an  influence  also  upon  the  quantity  of  air 
necessary. 


'  See  The  Journal,  April.  1922,  p.  236. 

8  See    Proceedings    of    the    Institution    of    Automobile    Engineers, 
vol.  14,  p.  243. 


A.  Ludlow  Clayden  states  that,  if  a  water-cooled  car 
be  provided  with  sufficient  radiator-capacity  to  cool  at 
full  speed  and  full  throttle,  the  cooling  will  be  sufficient 
normally  for  all  other  circumstances.  Whether  such 
cooling-allowance  will  be  suitable  for  all  circumstances 
with  an  air-cooled  car  is  not  very  certain.  If  an  air- 
cooled  car  is  to  be  operated  continuously  at  full  speed  on 
the  level,  little  difficulty  will  be  experienced  in  cooling 
without  a  fan.  Likewise,  with  cylinders  of  the  type  used 
on  the  B.S.A.  car,  no  difficulty  with  over-heating  will 
arise  from  continuous  idling  with  a  closed  hood  and  no 
fan  if  suitable  vents  be  provided  in  the  hood  to  allow  the 
escape  of  hot  air,  thereby  allowing  natural  convection. 
With  the  B.S.A.  engine  it  was  possible  to  idle  the  engine 
for  hours  on  end,  without  having  the  maximum  cylinder- 
head  temperature  exceed  350  deg.  fahr. 

For  continuous  full-throttle  work,  approximately  30  cu. 
ft.  of  air  per  min.  per  b.  hp.  is  sufficient  with  correct  cyl- 
inder design.  It  is,  however,  unlikely  that  it  will  be  nec- 
essary to  provide  a  fan  with  such  a  capacity  for  the  fol- 
lowing reasons :  (a)  the  fan  will  have  its  still-air  capacity 
considerably  augmented  by  the  motion  of  the  car;  (6) 
the  average  load-factor  of  a  car  engine  is  well  below  50 
per  cent  and,  for  the  normally  limited  periods  of  full 
throttle,  the  heat-storage  capacity  of  the  cylinders,  crank- 
case,  oil  and  the  like  is  capable  of  providing  a  heat  accu- 
mulator or  flywheel  which,  for  short  periods,  will  store 
heat  and  prevent  excessive  cylinder-temperatures. 

While  the  actual  heat-storage  capacity  per  degree  of 
temperature-rise  of  an  air-cooled  engine  is  considerably 
lower  than  that  of  a  water-cooled  engine,  the  effective 
capacity  is  probably  fully  as  great,  due  to  the  fact  that 
the  heat  can  be  stored  at  a  much  higher  temperature; 
while  heat  storage  ceases  in  a  water-cooled  engine  when 
boiling  commences,  no  such  critical  temperature  exists 
with  an  air-cooled  type.  To  what  extent  the  heat-storage 
capacity  effect  can  be  used  is  open  to  some  doubt.  The 
Engineering  Division  has  had  reason  lately  to  modify  its 
view  in  this  respect,  due  to  work  on  cast-iron  cylinders. 

Gibson  has  determined  the  characteristics  of  heat  dis- 
sipation from  finned  cylinders  in  the  wind-channel,  and 
from  actual  engines  found  the  relation  between  the  speed 
of  rotation  and  the  air  discharge  from  the  fan  and  the 
cowling;  he  presents  these  data  in  his  paper  on  The  Air 
Cooling  of  Petrol  Engines."  The  results  of  these  findings 
are  as  follows: 

(1)  The  heat  dissipation  is  proportional  to  the  differ- 
ence between  the  mean  temperature  of  the  cooling 
surfaces  and  that  of  the  incoming  air 

(2)  The  heat  dissipation  is  proportional  to  the  0.73 
power   of  the  weight  of  cooling  air  brought   into 


Fio.  14 — Elevation  and  Plan  View  op  an  In-Line  Engine  Showing  the  Air- 
Distribution  System 
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contact  with  the  cooling  surfaces  per  unit  of  time. 
For  a   pressure  type  of  fan,  this   sensibly  equals 
V •",  where  V  is  the  velocity  of  the  cooling  blast 
(3)    The  discharge  of  a  cooling  fan  of  the  propeller  or 
centrifugal  type,  moving  air  through  a  cooling  sys- 
tem of  the  type  shown  in  Fig.  13,  is  approximately 
proportional    to   A7  ' ',   where   N   is   the   number  of 
revolutions  per  unit  of  time 
Thus,  as  the  heat  dissipated  at  a  constant  mean-tem- 
perature is  proportional  to  V"v"  and  V  varies  as  AT0K,  the 
heat  dissipated  will,  at  constant  mean-temperature,  vary 
as  (Ar85)'"  or  N0K. 

Assuming  that  the  mean  effective  pressure  and  heat 
loss  per  brake  horsepower  do  not  vary  with  the  speed  of 
rotation  and,  therefore,  that  the  heat  to  be  dissipated  is 
proportional  to  the  speed,  or  N,  a  fan-cooled  engine  will 
get  hotter  with  an  increase  of  the  speed  of  rotation,  since 
the  heat  to  be  dissipated  will  increase  as  AT  but  the  cool- 
ing effect  at  a  constant  mean-temperature  will  increase 


only 

hold 
Let 


as  N°    .     Under  these  conditions  the  following  will 


i     —  a  constant 

C:  =  a  constant 

C3  =  a  constant 

N  =  the  number  of  revolutions  per  unit  time 

T  =  the  mean  temperature-difference  between  the  cool- 
ing surfaces  and  the  incoming  air 

V  =  the  velocity  of  the  cooling  blast 
Then  we  have 

Heat  given  =  ( \.Y 

Heat  dissipated  =  C  \  T      <   V   -  X  T 

Since  the  heat  given  equals  the  heat  dissipated,  we  have 
CAT  =  CJV  "2  X  T 
T  =  C,.\   <    \  i  ■  X 

From  the  equation  deduced  with  the  stated  conditions, 
the  effect  of  doubling  the  speed  of  rotation  of  a  fan- 
cooled  engine  at  full  throttle,  when  the  fan  capacity  is 
not  assisted  by  the  car  motion,  will  be  to  increase  the 
mean  temperature  by  30  per  cent.  Actually,  of  course, 
the  mean  effective  pressure  falls  off  at  the  higher  speeds; 
thus,  the  heat  to  be  dissipated  does  not  increase  so  fast 
as  the  engine  speed.  Further,  the  cylinder-wall  temper- 
ature at  the  point  of  maximum  temperature,  even  with  a 
sensibly  constant  brake  mean  effective  pressure  and  a 
constant  air-supply,  does  not  increase  in  direct  propor- 
tion with  the  speed,  or  approximately  with  the  output. 
This  is  of  importance  because,  with  sound  cylinder- 
design,  the  maximum  rather  than  the  mean  temperature 
appears  to  be  the  limiting  factor  in  operation. 

Table  1  shows  the  results  of  some  tests  made  by  the 
author  on  a  four-valve  air-cooled  cylinder  of  S'—in.  bore 
and  6-in.  stroke.  Reference  is  made  also  to  Figs.  1  and 
9  and  Table  10  of  his  previous  paper."  These  tests  were 
carried  out  with  a  constant  air-blast  velocity  of  87  m.  p.  h. 
The  temperatures  given  are  those  at  the  hottest  point  of 
the  combustion-chamber  wall,  and  it  will  be  seen,  from  the 
ratio  of  the  temperature  to  the  brake  horsepower,  that  the 
temperature  does  not  increase  proportionally  to  the  output. 
The  temperature  increase  with  the  speed  was  in  this  case 
greater  than  occurs  with  normal  design,  owing  to  the 
restricted  exhaust  capacity  that  resulted  in  the  maximum 
heat-reception  by  the  point  least  able  to  dissipate  the 
heat  received;  that  is.  the  bridge  between  the  two  ex- 
haust-valves. 

The  figures  in  Table  1  suggest  that  a  fan-cooled  en- 
gine with  an  air-supply  proportional  to  the  engine  speed 
to  a  fractional  power  less  than  1,  and  arranged  so  as  to 
keep  the  maximum  cylinder-temperature  around  400  deg. 

"See  The  Journal.   April.   1922,  pp.   233,   2  17  and  257. 
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11.0 

72 

2,000 

43.1 

119.5 

0.56             515 

12.0 

79 

fahr.  with  full  throttle  at  normal  engine-speed,  will  not 
develop  excessive  cylinder-temperatures  at  full  speed  and 
full  throttle.  This  is  in  view  of  the  Engineering  Divi- 
sion's experience  that  temperatures  hitherto  considered 
excessive  can  be  used  without  damage,  reduction  of  out- 
put or  unsatisfactory  performance. 

To  arrive  at  the  quantity  of  air  required  for  cooling, 
it  is  proposed  to  use  a  hypothetical  design  of  a  six-cylin- 
der car-engine,  using  a  known  cylinder  arranged  on  a 
crankcase  in  a  manner  that  past  experience  indicates 
fairly  definitely  will  produce  satisfactory  cooling  with  the 
air-supply  and  output  assumed.  The  B.S.A.  cylinder  has 
been  taken  as  a  basis,  the  design  being  modified  to  suit 
an  in-line  engine,  the  fins  being  slabbed  off  to  be  11/16 
In.  long  on  the  sides  at  the  base  of  the  barrel,  a  1  16-in. 
space  between  the  fin-tips  being  allowed.  Two  cylinders 
are  showm  arranged  thus  in  Fig.  15  and,  if  all  the  air 
used  be  forced  through  the  fin-cells,  the  area  available 
for  flow  is  8.6  sq.  in.  The  bore  is  31  ■>  in.  and  the  stroke 
3%  in.,  giving  a  capacity  for  six  cylinders  of  195  cu.  in. 
The  output  is  assumed  to  be  100-lb.  per  sq.  in.  brake  mean 
effective  pressure  at  2500  r.p.m.,  or  61.5  b.  hp.,  and  the 
blast  velocity  60  m.p.h.,  or  5280  ft.  per  min.,  at  the  throat 
as  shown  by  the  black  area  in  Fig.  15. 

The  total  air-flow  under  these  conditions  becomes 
[  (8.6  X  6)  144]  X  5280  =  1890  cu.  ft.  per  min. ;  and  this 
figure  equals  30.8  cu.  ft.  per  min.  per  b.  hp.  The  theo- 
retical power  necessary  to  move  this  quantity  of  air  at 
60  m.p.h.  is  0.52  hp.  It  will,  however,  be  of  more  inter- 
est to  calculate  the  power  required  from  the  pressures 
found  necessary  on  engines  that  have  been  poorly  laid- 
out. 

The  R.A.E.  5  engine  shown  in  Fig.  13,  which  had  an 
excessive  pressure-drop  in  the  air-flow  around  the  cylin- 
ders, required  a  total  head  of  6  in.  of  water.  The  static 
plus  the  velocity  head,  in  the  cowl  to  produce  approxi- 
mately the  60-m.p.h.  blast  between  the  cylinders  that  was 
necessary  to  secure  good  cooling  at  continuous  full-throt- 
tle on  the  dynamometer.  A  total  head  of  6  in.  of  water  will 
therefore  be  assumed,  although  this  is  probably  at  least 
50  per  cent  in  excess  of  that  necessary.  By  extrapolation 
of  the  tables  given  in  Kent's  Mechanical  Engineers' 
Pccket-Book  for  the  American  Blower  Co.'s  Sirocco  fans, 
the  power  required  to  force  1890  cu.  ft.  of  air  with  a  total 
head  of  6  in.  or  water  is  3.1  hp.  or  5  per  cent  of  the 
maximum  engine-output. 

Assuming  that  the  discharge  of  the  fan  varies  as  A" 
and  that  the  power  consumed  is  proportional  to  the  cube 
of  the  discharge,  the  power  absorbed  will  be  propoi'tional 
to  (A"")3  or  Ar=  ■"■■''.  If  3.1  hp.  is  absorbed  at  2500  r.p.m., 
at  1250  r.p.m.  only  0.53  hp.  or  1.70  per  cent  of  the  full- 
throttle  horsepower  at  this  speed,  assuming  100  lb.  per 
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sq.  in.  brake  mean  effective  pressure,  will  be  absorbed. 
But  1.7  per  cent  of  the  full-throttle  output  is  equivalent 
to  only  1.7  lb.  per  sq.  in.  friction  mean  effective  pressure, 
a  power  loss  that  is  negligible  in  comparison  with  the 
other  losses,  especially  when  it  is  considered  that  the  fan 
and  water-pump  losses  of  the  normal  water-cooled  engine 
are  replaced  by  the  above  loss.  It  is  easily  possible  to 
produce  an  extrafriction-loss  of  three  or  more  times  the 
order  of  1.7  lb.  per  sq.  in.  mean  effective  pressure  by 
having  the  oil  too  cold  or  too  heavy. 

Objection  may  be  raised  to  the  above-given  computa- 
tions as  being  hypothetical.  However,  as  good  cooling 
with  similar  blast-velocities  and  cylinder-spacing  has 
been  obtained  with  aircraft  engines  and,  as  the  output 
assumed  has  actually  been  obtained  with  this  cylinder, 
although  without  the  fins  slabbed-off  but  with  a  lower 
cooling-blast  velocity,  the  whole  appears  not  to  be  wild 
assumption. 

The  B.S.A.  cylinder  is  not  of  the  most  useful  propor- 
tions for  use  on  an  in-line  engine,  as  the  bore-stroke  ratio 
used  will  produce  a  relatively  long  engine.  However,  no 
difficulty  would  arise  in  using  a  cylinder  of  about  3-in.  bore 
and  5-in.  stroke  in  a  similar  manner.  The  hypothetical  de- 
sign considered  would  be  capable  of  continuous  full-throt- 
tle at  the  speed  quoted  and,  since  the  air  was  considered 
as  being  supplied  without  assistance  from  the  motion  of 


AREA  8.6  sp. in. 


Fig.    15- 


-Drawing   Showing   the   Area   Available   for   Air-Flow 
between  in-line  engine  cylinders 


Fig.   16 — Drawing  of  Blower  Developed  by  the  Engineering 
Division 

the  car,  there  is  no  question  that  the  engine  would  be 
grossly  over-cooled  in  normal  passenger-car  service. 

Fans 

The  pressure  type  of  fan  is  decidedly  more  efficient  for 
cooling  than  the  suction  type,  for  the  turbulent  discharge 
of  the  pressure  type  is  much  more  effective  for  heat  ab- 
straction than  the  approximately  streamline  flow  induced 
by  the  suction  type.  Further,  with  the  suction  type  at  a 
given  fan-speed,  the  hotter  the  engine  becomes,  the  lower 
the  weight  of  air  passing  over  the  cylinders  will  be,  the 
discharge  of  this  type  falling  much  more  rapidly  under 
such  conditions  than  that  of  the  pressure  type. 

The  use  of  an  exhaust  turbine-driven  cooling-fan  has 
been  proposed.  While  this  would  doubtless  be  very  ex- 
pensive and  difficult  to  produce,  it  would  be  nearly  ideal 
in  that  the  air-supply  would  be  almost  directly  propor- 
tional to  the  indicated  horsepower  developed  at  any  mo- 
ment and  would  further  provide  a  very  efficient  muffler, 
although  the  fan  itself  would  be  liable  to  scream  on  ac- 
count of  the  high  rotational  speed  necessary. 

As  regards  the  choice  of  the  fan  type,  whether  pro- 
peller or  centrifugal,  much  will  depend  upon  the  service 
required.  For  a  truck  or  tractor  engine  that  must  be 
capable  of  developing  continuous  full-power  at  very  low 
vehicle-speeds,  there  is  little  question  that  the  centrif- 
ugal type  is  the  best,  since  it  handles  large  volumes  of 
air  with  a  relatively  high  discharge-pressure  at  a  fairly 
low  number  of  revolutions  per  minute  and  is  relatively 
very  quiet. 

For  passenger-car  use,  there  is  much  to  be  said  in  favor 
of  the  propeller  type  of  fan  because  it  can  be  used  in  the 
conventional  position,  is  easy  to  drive,  has,  when  properly 
designed,  a  very  high  efficiency,  does  not  require  any 
elaborate  casing  to  secure  efficiency  and,  when  suitably 
installed  in  a  phaeton,  will  have  its  still-air  capacity  very 
considerably  augmented  by  the  motion  of  the  car.  The 
propeller  type  is,  however,  noisier  than  the  centrifugal 
type  and,  when  running  at  very  high  speeds,  is  liable  to 
produce  an  objectionable  whine.  The  propeller  type,  un- 
less of  large  diameter  or  run  at  very  high  speed,  does 
not  give  as  high  a  discharge  pressure  as  the  centrifugal 
type,  and  is  therefore  not  so  suitable  where  cooling  is  re- 
quired at  continuous  full-power  with  a  slowly  moving 
vehicle. 

If  a  propeller  type  of  fan  be  used,  care  will  be  neces- 


Vol.   XII 


January,  1923 


No.  1 


46 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


sary  in  the  design  of  the  cooling  system  to  keep  the  fric- 
tion-head of  the  cowling,  the  fin-cells  and  the  ducts  to  a 
minimum.  There  is  little  question  that  a  propeller  type 
of  fan  would  be  of  small  use  with  an  axial  fin-construc- 
tion having  long  narrow  cooling-cells  with  a  large  fric- 
tion-head. With  a  centrifugal  fan,  a  high  friction-head 
in  the  cooling  system  can  be  overcome  by  an  increased 
fan-power,  bad  though  this  may  be.  With  the  propeller 
type,  however,  a  high  friction-head  will  result  in  little 
or  no  air-flow.  Some  propeller-type  blowers  recently  de- 
signed and  produced  by  the  propeller  branch  of  the  Engi- 
neering Division  are  of  considerable  interest  from  the 
air-cooled  passenger-car  engine  point  of  view.  One  of 
these  blowers  is  illustrated  in  Fig.  16.  This  blower  runs 
at  4000  r.p.m.,  has  a  delivery  of  2000  cu.  ft.  per  min. 
against  0.85  in.  of  water  pressure,  absorbs  0.36  hp.  and 
shows  an  efficiency  of  74  per  cent.  This  particular  point 
on  the  delivery  curve  was  chosen  because  it  is  considered 
to  be  the  most  suitable  one  for  an  air-cooled  car  operating 
at  full  speed  and  full  throttle.  While  the  discharge  pres- 
sure of  this  fan  is  not  very  high,  it  must  be  considered 
that,  at  high  speeds,  the  head  will  be  considerably  aug- 
mented by  the  velocity  of  transition  of  the  car.  A  blower 
of  the  type  shown  is  in  a  very  different  class  from  that 
of  the  wind-churns  fitted  to  the  average  water-cooled  car. 
The  average  fan  fitted  is  extremely  inefficient  and  not  ap- 
preciably cheaper  than  the  one  shown  in  Fig.  16.  Fans 
absorbing  6  hp.  at  the  maximum  engine-speed  are  by  no 
means  unknown  on  water-cooled  cars.  A  power  consump- 
tion of  this  order  constitutes  a  serious  wastage  without 
adequate  return. 

Fuel 

Probably  owing  to  the  fact  that  their  mean  wall-tem- 
peratures are  normally  somewhat  higher,  an  air-cooled 
cylinder  seems  to  require  fuel  with  less  tendency  to  de- 
tonate than  does  a  water-cooled  engine  of  similar  size  and 
compression-ratio.  The  difference  is  not  very  marked 
and,  in  any  case,  it  is  probable  that  detonation  is  appar- 
ently more  acute  in  the  air-cooled  type  than  in  a  similar 
water-cooled  cylinder,  due  to  the  fact  that  the  noise  is  not 
deadened  by  the  equivalent  of  a  water-jacket.  However, 
the  air-cooled  engine  is  not  damaged  by  detonation  to 
anything  like  the  extent  that  the  water-cooled  type  is. 
The  Engineering  Division  has  run  air-cooled  cylinders 
for  extended  periods  of  full  throttle  with  violent  ringing 
pinking  occurring  every  second  or  third  explosion  with- 
out apparent  damage  to  the  cylinder  and  with  only  slight 
distress  from  the  spark-plugs.  Such  treatment  of  a 
water-cooled  cylinder  will  result  usually  in  exhaust-valve, 
spark-plug  and  piston  trouble. 

Spark-Plugs 

The  Engineering  Division  has  had  no  great  difficulty  in 
securing  spark-plugs  capable  of  standing-up  to  sustained 
full-throttle  in  air-cooled  engines.  Plugs  of  both  mica 
and  porcelain  construction  have  given  satisfaction,  and 
there  seems  to  be  no  ground  for  the  notion  that  highly 
elaborate  and  expensive  plugs  are  essential  or  that 
over-heated  and  burnt-out  plugs  are  a  necessary  adjunct 
of  an  air-cooled  engine.  Plugs  capable  of  standing  more 
than  100  hr.  of  full-throttle  running  without  apparent  de- 
terioration have  been  obtained  by  the  Division.  These 
plugs  are  not  of  a  type  designed  only  to  withstand  heat, 
but  have  considerable  resistance  to  fouling  in  addition  to 
being  able  to  withstand  unlimited  full-throttle  running. 


"Contributed  by  C.  Fayette  Taylor.  S.M.S.A.E. — Engineer  in 
charge  of  powerplant  -laboratory,  engineering  division,  Air  Service, 
McCook  Field.  Dayton.  Ohio. 


Pistons 

The  use  of  piston  material  other  than  aluminum,  and 
possibly  magnesium  alloys  in  the  future,  for  air-cooled 
car  engines  is  not  worthy  of  consideration,  as  the  effect 
of  the  aluminum  piston,  in  comparison  with  cast  iron  or 
steel,  is  to  secure  an  increase  of  output,  a  lower  fuel- 
consumption,  a  higher  allowable  compression,  less  ten- 
dency to  detonation  and  a  better  pick-up,  particularly  at 
low  speeds.  Any  company  that  is  incapable  of  success- 
fully using  aluminum  pistons  would  be  well  advised  to 
leave  air-cooled  cars  alone.  There  is  no  reason  to  an- 
ticipate piston  trouble  with  air-cooled  engines.  The 
Engineering  Division  has  had  much  less  burnt  piston 
trouble  with  air-cooled  than  with  water-cooled  engines.. 
In  fact,  anything  other  than  the  very  slightest  of  pitting 
has  yet  to  be  experienced,  in  spite  of  several  hundreds 
of  hours  of  full-throttle  testing  with  cylinders  of  5%-in. 
and  larger  bore. 

Collapsed  and  severely  pitted  pistons  are  by  no  means 
unknown  with  the  modern  high-efficiency  water-cooled 
aircraft-engine,  and  just  why  this  should  not  occur  also 
with  air-cooled  engines  of  similar  duty  and  output  is  not 
clear;  nevertheless,  such  is  the  case.  It  is  possible  that 
the  lack  of  piston  trouble  in  the  air-cooled  aircraft-en- 
gines is  due  to  the  more  careful  general  thermal  design 
of  the  whole  cylinder-unit  that  has  had  to  be  developed  to 
make  a  cylinder  of  high  output  function  at  all. 

Conclusion 

While,  from  the  automobile  standpoint,  the  paper  may 
seem  to  deal  too  largely  with  large-capacity  cylinders  and 
full-throttle  conditions,  nevertheless  the  following  rea- 
sons justify  such  considerations.  First,  scaling-down  of 
design  in  internal-combustion  engine  cylinders  is  a  safe 
process,  while  scaling-up  is  decidedly  unsound.  The  dan- 
gers of  scaling-up  would  be  speedily  evident  if  an  at- 
tempt were  made  to  use  the  type  of  cylinder  design  gen- 
erally found  in  air-cooled  vehicles,  for  150-cu.  in.  air- 
craft-engine cylinders.  The  use  of  scaled-down  success- 
ful aircraft  practice  has,  in  general,  proved  mechanically 
and  thermally  satisfactory.  Much  of  the  so-called  air- 
craft practice  grafted  onto  post-war  car-design  has  been 
the  work  of  designers  lacking  in  experience  with  success- 
ful modern  aircraft  engines.  A  considerable  amount  of 
the  practice  can  rightly  be  described  as  aircraft  design, 
with  the  qualifying  statement  that  it  was  proved  un- 
sound for  aircraft  use  and  was  discarded  during  1914 
and  1915.  Second,  as  thermal  troubles  have  been  the- 
greatest  cause  of  difficulty  with  air-cooled  cars,  a  consid- 
eration of  the  designs  capable  of  continuous  full-throttle 
running  is  likely  to  demonstrate  the  ease  with  which  the 
relatively  mild  thermal  difficulties  of  an  air-cooled  car 
can  be  overcome. 

The  preparation  of  this  paper  has  been  greatly  assisted 
by  the  able  work  of  H.  E.  Morehouse  in  preparing  many 
of  the  designs  illustrated  and  by  the  very  practical  auto- 
mobile viewpoint  of  L.  H.  Pomeroy  who  has  enabled  the 
author  to  grasp  more  clearly  the  essential  differences  in 
the  duty  of  automobile  and  aircraft  engines. 

The  appendices  by  Messrs.  Dix  and  Taylor  should  tend 
to  give  the  contribution  a  less  biased  character,  for  these 
gentlemen  are  thoroughly  familiar  with  the  vices  and 
virtues  of  both  air  and  water-cooling,  in  their  own  fields 
of  effort. 

APPENDIX  1 

Experimental  Development  of  Air-Cooled  Engine- 
Cylinders10 
In  connection  with  Mr.  Heron's  paper,  it  is  of  interest 
to  review  briefly  the  methods  used  by  the  Engineering 
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Division  in  developing  and  testing  cylinder  units  for  both 
air  and  water-cooled  engines,  and  to  discuss  some  of  the 
results  obtained  with  several  of  the  air-cooled  cylinders 
mentioned  by  Mr.  Heron.  In  general,  nearly  all  the  con- 
clusions reached  in  Mr.  Heron's  paper  regarding  the  per- 
formance of  air-cooled  cylinders  have  been  confirmed  by 
work  in  the  Engineering-Division  laboratories.  In  those 
few  cases  where  tests  have  not  been  made  by  the  Engi- 
neering Division,  the  information  given  is  based  on  tests 
made  by  the  Royal  Aircraft  Establishment  of  Great 
Britain. 

All  cylinder  units  developed  by  the  Engineering  Divi- 
sion are  tested  on  an  apparatus  known  as  a  universal- 
test  engine.  This  consists  of  a  ruggedly  built  single- 
cylinder  crankcase  arranged  so  as  to  accommodate  any 
of  the  usual  sizes  of  aircraft-engine  cylinder  with  any 
valve-gear,  of  either  the  push-rod  or  the  overhead  type. 
The  crankcase  is  equipped  with  a  chankshaft  having  an 
adjustable  stroke,  and  with  means  whereby  the  com- 
pression-ratio of  the  cylinder  can  be  changed  readily. 
The  lubrication  system  of  the  engine  is  arranged  so  that 
the  oil  is  circulated  through  temperature-control  appa- 
ratus, by  which  any  desired  temperature  of  the  lubricat- 
ing oil  can  be  maintained.  Means  are  provided  also  for  ad- 
justing the  rate  of  flow  of  the  lubricating  oil  through  the 
bearings  and  the  crankpin  of  the  engine  and  for  regu- 
lating, within  limits,  the  amount  of  oil  sprayed  into  the 
cylinder. 

The  universal-test  engines,  several  of  which  are  avail- 
able at  the  Engineering  Division  laboratories,  are  direct- 
connected  to  50-hp.  Sprague  electric  dynamometers  of 
the  usual  type.  Fig.  17  shows  an  installation  especially 
designed  for  testing  air-cooled  cylinders.  The  cooling- 
air  is  supplied  by  a  100-hp.  centrifugal-blower  deliver- 
ing air  through  a  duct  18  in.  square  at  velocities  up  to 
120  m.p.h.  The  blower  is  arranged  so  that  the  blast  can 
be  applied  against  the  cylinder  in  a  direction  either  par- 
allel or  perpendicular  to  the  crankshaft  axis.  The  fuel- 
consumption  is  measured  by  accurately  graduated  special 
volume-meters.  Stop-watches  are  used  to  time  the  flow 
of  fuel  through  the  meters.  "Load  scales,  speed-counters, 
thermometers,  air-speed  meters  and  the  like,  are  installed 
carefully  and  calibrated  at  regular  intervals.  Cylinder 
temperatures  are  obtained  from  thermocouples  that  are 
embedded  in  the  cylinder-walls. 

In  testing  an  experimental  cylinder-design,  at  least 
two  cylinders  are  built,  since  it  has  been  found  that  re- 
sults obtained  on  only  one  cylinder  of  a  type  are  apt  to 
require  verification.  Great  care  is  exercised  in  "working 
in"  cylinders  for  test,  to  make  sure  that  the  pistons,  pis- 
ton-rings, valves  and  valve  gear  are  thoroughly  worn-in 
and  that  the  cylinder  castings  are  well  seasoned.  This 
eliminates  a  frequent  source  of  error  in  testing  new 
cylinders.'  Considerable  importance  is  attached  also  to 
the  determination  of  the  proper  carbureter  and  venturi 
size  for  a  given  cylinder.  While  it  is  possible  to  esti- 
mate these  sizes  closely,  a  series  of  runs  with  different 
sizes  is  made,  where  any  doubt  exists,  to  establish  the 
proper  conditions  in  the  induction  system. 

PERFORMANCE  INVESTIGATIONS 

In  making  a  thorough  investigation  of  the  performance 
of  an  experimental  cylinder,  the  necessity  of  changing 
the  mixture-ratio  and  the  timing  of  the  ignition,  to  suit 
varying  conditions,  is  realized  fully.  When  investigating 
the  performance  of  a  cylinder  at  any  given  speed,  the 
first  run  usually  made  is  one  in  which  the  amount  of 
fuel  supplied  to  the  cylinder  is  varied  and  all  other  con- 
ditions are  held  constant,  except  that  the  timing  of  the 


Fig.    17 — Installation    op   the    Single-Cylinder    Test   Apparatus. 
Used  by  the  Engineering  Division 

spark  must  be  set  to  the  optimum  position  for  the  par- 
ticular mixture-ratio  used.  Curves  of  typical  runs  of  this 
kind  are  shown  and  will  be  discussed  in  greater  detail 
later.  Such  curves  are  extremely  convenient  in  deter- 
mining the  proper  carbureter  and  ignition  settings  for 
a  certain  cylinder  at  any  given  speed.  In  the  case  of 
air-cooled  cylinders  where  the  performance  of  the  cylin- 
der is  so  closely  connected  with  the  amount  of  fuel  sup- 
plied, tests  of  this  kind  are  of  primary  importance. 

One  particularly  difficult  problem  in  single-cylinder  de- 
velopment is  that  of  making  proper  allowance  for  the 
friction  losses  on  the  single-cylinder  engine.  To  predict 
accurately  the  performance  of  a  multi-cylinder  engine 
from  the  single-cylinder  tests,  it  is  necessary  to  deter- 
mine as  closely  as  possible  the  friction  losses  of  the 
single-cylinder  engine.  Unfortunately,  no  direct  method 
of  measuring  friction  losses  during  actual  engine  opera- 
tion exists  at  present.  The  following  methods  for  ob- 
taining an  approximation  of  the  friction  losses  are-, 
available : 

( 1 )  The  engine  can  be  driven  by  the  dynamometer  at 
various  speeds,  holding  the  oil  temperature,  as  well 
as  the  water  temperature  in  the  case  of  a  water- 
cooled  cylinder,  at  the  same  value  that  is  used  in 
the  running  tests  and  observing  the  power  required 
to  drive  the  engine  at  various  speeds.  This  method 
is  open  to  the  objection  that  the  piston  and  the 
bearing  pressures  are  not  equal  to  those  that  exist 
during  the  firing  stroke,  and  that  the  cylinder  is 
not  running  at  its  normal  working-temperature. 
The  difference  in  the  bearing  pressures  would  tend 
to  make  the  readings  thus  obtained  too  low,  while 
the  lower  cylinder-temperatures  would  tend  to  make 
them  higher  than  during  normal  operation.  It  is 
probable  that  this  latter  effect  is  the  more  impor- 
tant, and  that  the  friction  losses  so  obtained  are 
slightly  higher  than  those  actually  existing  when 
the  engine  is  running 

(2)  The  engine  can  be  run  under  normal  conditions  at 
a  given  speed  until  the  conditions  are  steady,  the 
ignition  and  air-blast  then  being  suddenly  switehed- 
off  and  the  dynamometer  operated  as  a  motor. 
As  soon  as  possible  after  this  shift  is  made,  a 
number  of  readings  of  the  friction  load  are  taken 
at  regular  intervals  of  time,  measured  from  the 
instant  at  which  the  engine  ceased  to  fire.  The 
results  are  plotted  in  terms  of  friction  load  versus 
time,  which  gives  a  curve  that  can  be  extrapolated 
to  the  point  of  zero  time,  the  intersection  being  the 
desired  friction-load.  This  method  attempts  to 
take  account  of  the  normal  operating-temperatures 
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TABLE    2 — FRICTION     LOSSES;     DETERMINED    ON     THE    UNI- 
VERSAL-TEST  ENGINE" 


Cylinder-Type 
Designation 


Bore,  in 

Stroke,  in 

Type  of  Cooling 
Compression- 
Ratio 


'Total  Friction, 
hp 

Friction  Mean 
Effective  Pres- 
sure, lb.  per  sq. 


Total  Friction 
without  Crank- 
shaft and  Auxi- 
liaries, hp 

Friction  Mean 
Effective  Pres- 
sure without 
ises  ofCrank-J 
shaft  and  Auxil- 
iaries, lb.  per 
so  in 


Speed, 
r.p.m. 


1.600 
1,700 

1,800 

1 ,  601) 
1,700 
1,800 

1.600 
1,700 

1.S0O 


1.600 
1,700 

1.800 


Uni- 
ver- 
sal; 


2  75 

3  00 
3  20 


4'2 
5'.. 
Air 

5  32 
5  20 
5  82 

I.   4v 

29.40 

31  00 

32  60 

2  45 
2. 82 

3  28 


13  85 

15  nil 

16  48 


W-\ 


:>>  . 

6>  2 
Water 

5.40 
9  00 

1 

11  00 

28.70 

30  00 

31  20 

6  25 

7  00 

7 


19.9! 

21  00 

22  10 


5J4 
6'-j 
Air 

5.40 
6.40 
7.40 
8.50 

20.40 
22  20 
24  20 

3.65 

4  40 
5.30 


11  64 
13  20 
15.00 


W-2 


Water 

5  43 
13  10 
15  30 

IS.  00 

26  00 

js  r,n 
31.80 

10.35 
12.30 
14.80 


20  60 
23.10 
26  -'li 


5 

7 
Water 

5.42 

8  30 

9  00 
9.80 

29.80 
30  40 
31.30 

5  55 
6.00 
6.60 


19  95 

20  30 

21.10 


Cast- 
iron 

Head 


5 

6 

Water 

5.38 
7.20 
7.85 
8  50 

30.20 

31  mi 
31  70 

4  45 

4  85 

5  30 


is  65 
19  25 
19  75 


5H 
614 
Air 

5  30 
9  00 
10.00 


27.50 

28  70 


6.25 
7.00 


19  10 

20  10 


51  2 
6H 
Air 

5  21 
8.00 
8.90 
9.90 

25.50 
26.70 
28.10 

5  25 
5.90 
6.70 


16  75 

17  7(1 
19.00 


11  Different  cylinders  used,  of  types  designated. 
1    Inclusive  of  crankshaft  and  auxiliaries. 


of  the  engine  but,  in  case  of  the  universal-test  en- 
gines, it  gives  results  very  nearly  the  same  as  are 
obtained  by  method  (1) 
(3)  The  indicated  horsepower  can  be  obtained  by  a 
suitable  indicator  and  the  friction  losses  computed 
by  subtraction  of  the  brake  horsepower.  This  is 
obviously  the  most  desirable  method  but,  unfor- 
tunately, the  Engineering  Division  has  not  yet  dis- 
covered an  indicator  that  is  sufficiently  accurate 
for  this  purpose  at  the  high  speeds  at  which  avia- 
tion engines  are  run.  It  is  to  be  hoped  that  such 
an  instrument  will  be  developed  in  the  near  future 

Method  (1)  is  generally  used  by  the  Engineering  Divi- 
sion, since  it  is  very  convenient  and  appears  to  be  as 
accurate  as  any  of  the  methods  available.  Several  inde- 
pendent investigators  have  stated  that  the  results  ob- 
tained by  this  method  are  very  close  approximations  of 
the  friction  losses  that  exist  under  actual  running  con- 
ditions. 

Table  2  shows  the  friction  losses  of  the  universal-test- 
engine  crankshaft  and  auxiliaries,  which  are  practically 
the  same  irrespective  of  the  type  or  the  size  of  the  cylin- 
der. Table  2  also  shows  the  friction  losses  of  a  number 
of  different  types  of  cylinder  on  the  engine,  both  includ- 
ing and  excluding  these  losses.  For  comparing  the  per- 
formance of  different  types  and  sizes  of  cylinder,  the 
writer  prefers  to  add  the  power  lost  in  friction  of  the 
basic  engine,  that  of  the  crankshaft  and  the  auxiliaries, 
to  the  brake  power-output  of  the  engine  with  each  cylin- 
der, and  to  correct  the  performance  data  to  the  values  so 
obtained.  While  this  method  gives  better  performance- 
figures  than  can  be  obtained  normally  in  multi-cylinder 
engines,  it  is  useful  for  comparative  purposes,  and  the 
absolute  values  so  obtained  are  a  measure  of  a  cylinder's 
potential  output  since  only  those  losses  inherent  in  the 
cylinder  design  are  included;  those  losses  that  depend 
solely  en  the  particular  type  of  crankcase  on  which  the 
cylinder  happens  to  be  mounted  are  excluded.    Thus,  the 

TABLE  3 — DISTRIBUTION   OF  FRICTION   LOSSES 

Indicated  Power,     Friction  Losses, 
Per  Cent  Per  Cent 

45.0 


Distribution 
Pumping  Losses 
Piston,      Piston  -  Ring      and 

Connecting-Rod  Friction 
Crankshaft   and  Auxiliaries-, 

including  Valve-Gear 
Total  Friction  Losses 


5.85 

6.24 

0.91 
13.00 


48.0 

7.0' 
100.0 


data  obtained  by  this  method  show  the  performance  that 
can  be  approached  with  a  multi-cylinder  design  by  reduc- 
ing the  induction-system  losses,  and  the  friction  losses  in 
the  crankshaft  and  the  auxiliaries,  to  a  minimum.  This 
method  of  correcting  for  friction  losses  was  used  in  pre- 
paring some  of  the  illustrations,  and  gives  results  that 
are  slightly  less  favorable  to  the  cylinder  than  would  be 
obtained  by  the  method  used  in  the  paper.  The  average 
distribution  of  the  so-called  "friction"  losses  in  the 
modern  V-type  water-cooled  aircraft  engine  is  as  shown 
in  Table  3. 

MULTI-CYLINDER  PERFORMANCE 

In  estimating  multi-cylinder  performances  from  single- 
cyiinder  test-results,  factors  other  than  friction  losses 
must  be  taken  into  account.  The  single  intake-pipe  of  the 
single-cylinder  installation,  together  with  the  fact  that 
lower  induction-system  depressions  can  be  used  due  to  the 
absence  of  the  considerations  of  distribution,  idling  and 
acceleration,  results  in  an  indicated  power-output  for  the 
cylinder  on  the  universal-test  engine  considerably  greater 
than  that  of  the  same  cylinder  on  a  multi-cylinder  engine. 
With  large  cylinders,  the  lower  induction-system  losses 
often  more  than  offset  the  high  friction-losses  of  the 
single-cylinder  crankcase,  and  result  in  brake  power- 
outputs  from  the  single-cylinder  installations  that  exceed 
the  brake  power-outputs  of  the  same  cylinders  on  multi- 
cylinder  engines. 

Fig.  18  illustrates  the  difference  between  single  and 
multi-cylinder  performance  for  a  5  x  7-in.  cylinder.  It 
will  be  noted  that  the  single  cylinder  gives  a  higher  brake 
power-output,  a  much  higher  indicated-output  and  a 
higher  "peak"  on  the  pewer  curve,  than  the  same  cylinder 
on  a  multi-cylinder  engine.  In  the  case  of  a  smaller  cyl- 
inder, such  as  the  type-K  shown  in  Fig.  1,  it  is  probable 
that  the  uncorrected  brake  power-output  obtained  on  the 
universal-test  engine  would  be  exceeded  in  a  well-de- 
signed multi-cylinder  installation.  However,  so  many 
variable  factors  are  involved,  such  as  the  number  and  the 
arrangement  of  the  cylinders  and  the  different  valve- 
timing  and  manifolding  required  on  the  multi-cylinder 
engine,  that  no  accurate  method  of  predicting  multi- 
cylinder  performance  from  a  single-cylinder  test  has  yet 
been  evolved.  With  certainty,  it  can  be  said  only  that  the 
results  obtained  with  the  methods  of  correction  used  in 
Appendix  1  or  in  the  paper  have  been  approached,  but  not 
yet  equaled,  in  the  best  multi-cylinder  designs. 

OTHER  INVESTIGATIONS 

In  addition  to  determinations  of  the  effect  of  the  mix- 
ture-ratio on  the  performance  and  of  the  magnitude  of 
the  friction  losses,  an  investigation  of  the  power-output 
at  various  rotational  speeds  is  conducted  usually  on  an 
experimental  cylinder.  Also,  in  the  case  of  an  air-cooled 
cylinder,  an  investigation  is  made  of  the  performance 
with  varying  air-blast  velocities  and  with  varying  air- 
blast  direction.  For  a  water-cooled  cylinder,  an  investi- 
gation is  made  also  of  the  performance  with  varying 
cooling-water  temperatures  and  rates  of  flow,  and  one  for 
endurance  qualities  for  long  periods  of  full-throttle 
operation. 

Any  or  all  of  the  above  investigations  can  be  con- 
ducted with  different  compression-ratios  and  valve-tim- 
ing. All  of  the  single-cylinder  work  is  done  at  full  throt- 
tle, since  at  throttled  speeds  the  wide  departure  in  the 
induction  system  from  multi-cylinder  conditions  makes 
the  results  of  little  value. 

Fig.  19  shows  comparative  performance  curves  of  a 
typical  water-cooled  and  an  air-cooled  cylinder,  at  con- 


Vol.  XII 


January,  1923 


No.   1 


AIRCRAFT-ENGINE  PRACTICE  APPLIED  TO  PASSENGER  CARS 


49 


stant  speed  and  with  varying  mixture-ratios.  The  impor- 
tance of  this  particular  type  of  curve  cannot  be  over- 
estimated in  single-cylinder  work  since,  with  a  given  com- 
pression-ratio and  speed,  it  indicates  clearly  the  points  of 
maximum  efficiency  and  maximum  power-output  of  a 
given  cylinder.  It  will  be  noted  that  the  compression- 
ratio  of  the  two  cylinders  is  approximately  the  same  and 
that,  therefore,  the  results  can  be  compared  safely.  The 
water-cooled  cylinder  evidently  is  capable  of  satisfactory 
operation  on  leaner  mixtures  and  with  lower  specific  fuel- 
consumption  than  the  air-cooled  cylinder.  However,  as  the 
mixture  becomes  richer,  the  air-cooled  cylinder  compares 


Pro. 

OF    I 


Engine  Speed, 


is — Curves   Showing   thf   Difference   int   the   Performance 
Single-Cylinder   and   a   Multi-Cylinder   Engine   I'sin.;   the 
Same  Cylinder  Design 


more  favorably  with  the  water-cooled  type.  It  is  inter- 
esting to  note  that,  with  the  leanest  mixture  at  which 
the  air-cooled  cylinder  will  run,  the  difference  between 
the  temperatures  of  the  two  cylinders,  measured  at  the 
hottest  point,  was  only  200  deg.  fahr.  and,  with  the  mix- 
ture-ratio decreased  to  11.3,  this  difference  was  reduced 
to  approximately  130  deg.  fahr.  In  several  instances  it 
has  been  found  possib'e  to  reduce  the  fuel  consumption  of 
a  similar  air-cooled  cylinder  to  as  low  as  0.453  lb.  per 
b.  hp-hr.,  but  this  could  be  done  only  under  favorable  con- 
ditions and  with  a  considerable  reduction  of  power-out- 
put. The  curves  of  Fig.  19  are,  therefore,  considered 
typical.  The  difference  in  the  mean  effective  pressure 
developed  by  the  two  cylinders  is  due  to  differences  in 
their  design,  and  is  not  attributable  to  the  different 
method  of  cooling.  A  higher  mean  effective  pressure  for 
the  water-cooled  cylinder  would  result  in  only  slightly 
higher  temperatures. 

Fig.  20  is  an  interesting  comparison  between  two  air- 
cooled  cylinders  of  identical  size  and  method  of  construc- 
tion ;  one  has  a  hemispherical  head  with  two  valves,  and  the 
other  a  flat  head  with  one  intake  and  two  exhaust-valves. 
These  are  respectively  the  type-J  and  type-I  cylinders  il- 
lustrated in  Mr.  Herron's  previous  paner.13  It  will  be 
noted  that  the  hemispherical-head  cylinder  shows  a  lower 
fuel-consumption,    a   higher   power-output   and    a   lower 
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Fig.   19 — Comparative  Performance  Curves  of  a  5   x  7-In. 
Water-Cooled    Cylinder    and    a    5%    X    6%-In.    Air-Cooled 

Cylinder 
Type  of  Cylinder  Air 

Compression-Ratio 
Water-Outlet  Temperature,  deg.  fahr. 
Air  Temperature,  deg.  fahr. 
Air-BIast    Speed,  m.p.h. 
Speed    of    Engine,    r.p.m. 

head-temperature  than  the  flat-head  cylinder  tested  under 
the  same  conditions.  This  bears  out  very  strikingly  the 
statements  made  in  the  paper  in  regard  to  the  shape  of 
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"See  The  Journal.  April.  1922.  p.  231. 


23      24     25    2&     27 
Fuel    Flow,  lb.  per  hr 

Fig.  20 — Comparative  Performance  Curves  of  a  Flat-Head 
Three-Valve    Air-Cooled    Cylinder    and    a    Hemispherical- 
Head  Two-Valve  Air-Cooled  Cylinder 
Type  of  Cylinders 
Form  of  Cylinder-Head 
Compression -Ratio 
Diameter  of  Intake-Valve,  in. 
Lift  of  Intake-Valve,  in. 
Number  of  Exhaust-Valves 
Diameter  of  Exhaust-Valves,  i 
Lift  of  Exhaust-Valves,   in. 
Speed  of  Engine,  r.p.m. 
B'ast  Speed,  m.p.h. 
Air  Temperature,  deg.   fahr. 
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ease  of  casting  and  the  absence  of  the  inserted  valve- 
seats  and  spark-plug  bosses  required  with  aluminum. 

Figs.  21,  22  and  23  should  be  of  especial  interest  to 
the  automobile  engineer,  since  they  represent  actual  test- 
results  on  a  cylinder  with  cast-iron  head  of  the  type  illus- 
trated in  Fig.  1  of  the  paper.  While  this  cylinder  has  a 
steel  barrel,  it  could  be  made  easily  with  an  integral  cast- 
iron  barrel  having  cast-iron  fins  without  affecting  the 
performance  materially.  Tests  made  by  the  Engineering 
Division  indicate  that  the  material  of  the  barrel  below  the 
top  of  the  piston-travel  does  not  have  any  great  effect 
on  the  cylinder  performance,  provided  it  is  reasonably 
well  finned  and  there  is  no  serious  obstruction  to  the  heat- 
flow  from  the  head  to  the  barrel. 

Fig.  21  illustrates  the  performance  of  the  type-K  cast- 
iron-head  cylinder  having  a  compression-ratio  of  5.32 
to  1,  with  varying  rates  of  fuel-flow  and  with  two  differ- 


Fuel  Flow,lb.per  hr 

Fig.    21 — Curves   Showing  the  Variation   with   Fuel   Flow  and 

with   Two  Different  Blast  Directions   in  the  Performance  of 

a  Type-K  Cylinder 

the  combustion-chamber.  These  results  are  uncorrected 
for  the  friction  losses,  since  both  cylinders  were  tested 
on  the  same  universal-test  engine  and  dynamometer.  The 
left-hand  end  of  each  curve  in  Fig.  20  represents  the  point 
beyond  which  the  fuel-flow  could  not  be  reduced  without 
causing  a  severe  preignition  and  immediate  power-drop. 
The  most  interesting  material  for  cylinder  construction 
for  automotive  vehicles  is  cast  iron,  due  to  its  low  cost, 


|  50 

o 

"5  ^5 


-g^m^FECmEPRESWRE 


BRAKE  HORSEPOWER 


FUEL-  COHSUMPTIOi 


'■v  I 

«£  fe 

40  c-n 

it 

jot;  3 

-*  £ 

b  e 

CQO- 

cf 

o 

-4—    .. 

o_J= 

£-£ 

0.550  8f 

i*. 

,?-* 

Fig. 


40     50     60     10     80     80     100     110     110     110    140 
Air  Blas+ Speed, Tn.ph. 

23 — Curves  Showing  the  Variation  in  the  Performance  of 
the  Type-K  Cylinder  with  the  Blast  Speed 


Engine  Speed, r. p.m. 


Fig.  22 — Variation  in  'the  Performance  of  the  Type-K  Cylinder 
with  the  Speed 


ent  blast-directions.  One  set  of  curves  was  obtained  with 
the  air-blast  directed  against  the  exhaust  side  of  the 
cylinder,  which  had  a  port-arrangement  similar  to  that 
shown  in  Fig.  4  of  the  paper.  The  other  set  of  points 
was  obtained  with  the  air-blast  directed  between  the 
ports,  at  right  angles  to  a  plane  through  the  two  valves 
It  will  be  noted  that  the  flow  of  fuel  could  be  reduced  to 
a  lower  value  with  the  blast  directed  between  the  valves, 
which  is  not  in  agreement  with  results  obtained  by 
the  Royal  Aircraft  Establishment  on  the  effect  of  blast 
direction.  This  discrepancy  may  have  been  caused  y 
variations  in  the  spark-plugs  used  during  the  tests  of  the 
type-K  cylinder.  In  both  cases  the  limit  below  which 
the  flow  of  fuel  could  not  be  reduced  was  the  point  at 
which  severe  preignition  occurred.  This  preignition 
probably  was  caused  by  the  spark-plugs  becoming  so  hot 
as  to  ignite  the  charge  prematurely,  and  slight  differ- 
ences in  the  spark-plugs  used  in  the  two  tests  might  ac- 
count for  the  earlier  occurrence  of  preignition  with  the 
exhaust-side  air-blast.  The  power-output  and  the  fuel 
economy  obtained  are  considered  very  creditable  for  a 
cylinder  of  this  size  using  cast  iron  as  the  head  material. 
An  interesting  fact  in  connection  with  these  perform- 
ance results  is  that  the  cylinder  operates  in  a  reliable 
manner  with  temperatures  at  the  hottest  point  on  the 
head  that  have  heretofore  been  considered  prohibitive. 
It  appears,  however,  that  such  temperatures  are  permis- 
sible provided  the  temperatures  of  the  spark-plugs  and 
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the  exhaust-valves  are  not  excessive.  In  the  case  of  this 
cylinder,  the  exhaust-valve  ran  at  a  lower  temperature 
than  is  experienced  usually  with  most  water-cooled  de- 
signs with  normal  water-temperatures.  The  spark-plugs 
were  the  best  that  could  be  obtained  from  the  standpoint 
of  resistance  to  preignition.  This  same  cylinder  has  run 
without  failures  for  nearly  50  hr.  at  wide-open  throttle 
with  head-temperatures  of  over  500  deg.  fahr. 

Fig.  22  shows  the  variation  in  performance  with  speed 
of  the  same  cylinder  with  the  air-blast  directed  against 
the  exhaust  side.  The  valve-timing  of  this  particular 
cylinder  was  designed  for  a  normal  speed  of  1800  r.p.m., 
which  accounts  for  the  considerable  decrease  in  mean  ef- 
fective pressure  at  the  higher  speeds.  As  shown  in  Fig. 
21,  the  fuel-consumption  of  0.64  lb.  per  b.  hp-hr.  at  the 
normal  speed  of  1800  r.p.m.  could  have  been  reduced  con- 
siderably by  the  use  of  a  leaner  carbureter-setting.  The 
change  in  the  head-temperatm-e  with  the  speed  of  rota- 
tion is  small,  which  is  typical  of  air-cooled  cylinders 
of  this  type.  The  high  fuel-consumption  and  the  high 
blast-speed  shown  by  this  set  of  curves  were  used  as  a 
safety  precaution  on  account  of  operating  the  cylinder  at 
speeds  so  greatly  in  excess  of  those  for  which  it  was 
designed. 

Fig.  23  shows  the  effect  of  a  reduction  in  the  air-blast 
speed  on  the  type-K  cylinder,  with  the  air-blast  directed 
against  the  exhaust  side.  With  the  air-blast  reduced  to 
one-half  its  original  value,  the  rise  in  the  head-tempera- 
ture was  slightly  over  100  deg.  fahr.,  and  the  operation 
of  the  cylinder  was  still  satisfactory  with  very  little  loss 
of  power  or  increase  in  the  specific  fuel-consumption. 
However,  on  further  reduction  of  the  air-blast  speed,  pre- 
ignition occurred. 

EXHAUST-VALVE  COOLING 

The  problem  of  exhaust-valve  cooling  has  been  dis- 
cussed by  Mr.  Heron  but,  due  to  its  primary  importance 
in  air-cooled  cylinder  work,  it  is  of  interest  to  mention 
some  of  the  laboratory  experiences  in  regard  to  this  im- 
portant problem.  The  exhaust-valves  on  many  of  the  air- 
cooled  cylinders  developed  by  the  Engineering  Division 
run  somewhat  cooler  than  the  exhaust-valves  of  a  similar 
size  in  water-cooled  cylinders,  although  the  parts  of  the 
cylinder  immediately  surrounding  the  valves  in  every 
case  run  at  a  considerably  higher  temperature  in  the  air- 
cooled  cylinder.  The  cause  of  this  apparently  contra- 
dictory condition  seems  to  lie  in  the  fact  that,  in  design- 
ing air-cooled  cylinders,  it  has  been  realized  that  special 
attention  to  exhaust-valve  cooling  was  necessary.  The 
valves,  guides  and  ports  therefore  were  designed  to  af- 
ford the  maximum  opportunity  for  heat  dissipation  from 
the  valve,  and  the  valve  itself  has  in  most  cases  been  de- 
signed with  large  areas  for  heat  dissipation  from  the 
stem  and  the  seat.  This  has  resulted  in  valves  that  run 
cooler  than  valves  of  equal  size  in  water-cooled  cylinders 
that  have  had  only  ordinary  attention  to  the  design  fac- 
tors necessary  for  proper  exhaust-valve  cooling.  The 
valve  and  port  design  that  appears  to  give  the  best  ex- 
haust-valve cooling  is  that  illustrated  in  Fig.  12  of  the 
paper  and  developed  personally  by  Mr.  Heron.  Just 
which  of  the  features  of  this  design  is  responsible  in 
greatest  measure  for  the  excellent  cooling  of  the  valve 
has  not  yet  been  determined.  The  Engineering  Division 
is  planning  to  conduct  a  series  of  tests  in  the  near  future 
that  will  establish  the  basic  factors  of  valve  and  port 
design  that  promote  effective  cooling  of  the  exhaust- 
valve.  The  indications  are  that  there  is  no  fundamental 
reason  why  the  exhaust-valve  in  an  air-cooled  cylinder 
should  run  at  a  lower  temperature  than  a  similar  valve 


in  a  water-cooled  cylinder,  and  it  is  believed  that  the  dif- 
ferences in  design  account  fully  for  the  differences  in  the 
cooling  that  have  been  observed.  It  appears  fairly  cer- 
tain that,  if  a  design  similar  to  that  shown  in  Fig.  12 
were  used  in  a  water-cooled  cylinder,  the  temperature  of 
the  valve  would  be  even  lower  than  in  the  case  of  an  air- 
cooled  cylinder,  under  similar  conditions  of  power-output 
and  mixture-strength. 

With  further  reference  to  the  problem  of  valve  cooling, 
it  should  be  remembered  that  excess  fuel  or  oil  in  the 
combustion-chamber  has  a  very  marked  effect  on  the  tem- 
perature of  the  exhaust-valve.  It  is  very  easy  for  the 
experimental  engineer  to  lose  sight  of  this  fact  and  at- 
tribute an  improvement  in  valve  cooling  to  changes  in  the 
design,  when  the  lower  temperature  is  merely  due  to  a 
richer  mixture  or  a  larger  amount  of  lubricating  oil  pass- 
ing the  piston.  In  comparing  exhaust-valve  tempera- 
tures, it  is  absolutely  necessary  to  hold  the  mixture-ratio 
and  the  amount  of  oil  reaching  the  combustion-chamber 
as  nearly  constant  as  possible,  since  these  two  factors  may 
have  a  more  powerful  effect  than  any  changes  in  the  de- 
sign of  the  valve  or  the  port.  A  very  badly  designed 
exhaust-valve  can  be  made  to  run  at  comparatively  low 
temperatures  by  using  an  excessively  rich  mixture  or  an 
excessive  amount  of  lubricating  oil. 

INTERNALLY  COOLED  VALVES 

The  Engineering  Division  has  done  a  considerable 
amount  of  experimenting  with  internally  cooled  valves ; 
that  is,  valves  with  hollow  stems  filled  with  certain  high- 
boiling-point  liquids.  The  object  of  such  arrangements 
is  to  afford  a  rapid  conduction  of  heat  from  the  head  of 
the  valve  to  the  upper  portions  of  the  valve-stem,  thus 
causing  a  higher  rate  of  heat-transfer  due  to  the  greater 
temperature-difference  between  the  stem  and  the  valve- 
guide.  This  method  of  valve  cooling  is  fairly  effective 
and  often  adds  very  little  to  the  cost  of  the  valve  since, 
in  many  cases,  a  hollow-stem  valve  must  be  used,  whether 
or  not  it  is  filled  with  liquid,  to  provide  the  necessary 
stem-surface  for  the  proper  heat-conduction  without  ex- 
cessive weight.  It  is  probable  that  internal  valve-cooling 
will  be  found  unnecessary  for  anything  but  very  large 
air-cooled  cylinders  required  to  run  for  long  periods  at 
full  throttle,  since  careful  attention  to  the  design  will 
make  internal  cooling  unnecessary  in  water-cooled  cylin- 
ders and  in  air-cooled  cylinders  in  which  the  valve  con- 
ditions are  less  severe. 

AIR  AND  WATER-COOLED  TYPE  COMPARISONS 

In  concluding  Appendix  1,  it  is  of  some  interest  to  re- 
view the  relative  advantages  and  disadvantages  of  the 
air-cooled  and  water-cooled  types  of  engine  from  the 
point  of  view  of  the  not  inconsiderable  experience  of  the 
Engineering  Division  with  both  types.  It  seems  almost 
certain  that  the  water-cooled  engine  will  be  shorter  and 
more  compact,  due  to  the  smaller  space  required  between 
the  adjacent  cylinders,  and  particularly  if  it  is  conceded 
that  the  radiator  may  occupy  space  not  required  for  other 
purposes  with  either  type  of  engine.  It  appears  evident 
also  that  the  water-cooled  engine  will  have  the  advantage 
of  convenience  due  to  the  removable  head,  since  air-cooled 
design  has  not  yet  reached  the  stage  where  the  removable 
cylinder-head  is  entirely  practicable.  The  water-cooled 
engine  probably  will  have  a  slight  advantage  in  regard  to 
silence  of  operation  also,  provided  equal  care  in  the  de- 
sign is  used  for  both  types.  This  is  on  account  of  the 
fact  that  the  block-cylinder  construction  lends  itself  more 
readily  to  the  enclosed  valve-gear,  and  the  water-jackets 
seem  to  form  a  fairly  effective  barrier  against  excessive 
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Fig.  24 — The  Type-H  Cylinder-Head  Produced  by  Double  Pouring 


noise.  Perhaps  the  greatest  advantage  of  the  water- 
cooled  engine  lies  in  the  fact  that,  for  a  given  grade  of 
fuel,  a  higher  compression-ratio  and  a  leaner  mixture  can 
be  used,  which  naturally  results  in  a  somewhat  more  eco- 
nomical engine.  While  the  advantage  of  the  water-cooled 
engine  in  this  respect  is  greatest  at  full  throttle  and  be- 
comes less  important  for  engines  required  to  operate 
largely  at  throttled  speeds,  it  warrants  consideration 
where  fuel  economy  is  a  highly  important  factor.  This 
fact  conflicts  with  the  general  opinion  of  the  motoring 
public  that  the  air-cooled  automobile  is  inherently  more 
economical  than  the  water-cooled  vehicle,  which  opinion 
has  undoubtedly  resulted  from  the  fact  that  the  best 
known  American  air-cooled  car  has  been  designed  with 
factors  outside  of  the  engine  that  result  in  a  high  econ- 
omy when  measured  in  miles  per  gallon. 

The  air-cooled  engine,  on  the  other  hand,  scores  heavily 
from  the  point  of  view  of  convenience  of  handling,  espe- 
cially under  extreme  weather  conditions,  either  of  heat 
or  of  cold.  The  wide  temperature-range  under  which  an 
air-cooled  engine  will  give  satisfactory  operation  adapts 
it  for  service  under  very  severe  conditions  and  the  free- 
dom from  freezing  and  boiling  is  an  item  that  every  mo- 
torist can  appreciate.  In  the  well  designed  air-cooled 
vehicle,  the  cooling  system  should  require  no  attention 
whatever  for  months  at  a  time.  Other  cooling-system 
troubles,  characteristic  of  the  water-cooled  engine  and 
absent  in  the  air-cooled  engine,  are  those  due  to  forma- 
tion of  scale  in  the  water-jackets  and  the  ever-present 
leakage  from  radiators,  hose  connections  and  water- 
pumps.  The  formation  of  scale  is  a  factor  of  more  im- 
portance than  is  commonly  supposed  and  if  heavy,  may 
result  in  definitely  poor  operation  of  a  water-cooled  en- 
gine at  maximum  power-output.  Table  4  illustrates  the 
effect  of  a  small  amount  of  scale  on  the  wall  temperatures 
of  a  water-cooled  cylinder. 


TABLE     4 — EFFECT     OF     SCALE 

FORMATION 

ON     CYLINDER- WALL 

TEMPERATU 

Thickness  of 

Temperature,   Deg.    Fahr. 

No  Scale 

Scale 

Scale,  In. 

Water  Outlet 

171 

171 

Cylinder  Barrel 

182 

181 

Combustion-Chamber   Wall 

253 

292 

0.012 

Exhaust- Valve  Seat 

241 

316 

0.023 

Head  between  Valves 

307 

391 

0.025 

Fig. 


-The  Type-I  Cylinder-Head  Produced  by  Single  Pouring 


"Water-cooled  5  x  7-in.  cylinder  run  at  full  throttle  at  1700  r.p.m. 
with  constant  cooling-water  temperature.  Compression  ratio,  5.S 
to  1.  Fuel  used,  20  per  cent  of  benzol  and  80  per  cent  of  aviation 
gasoline. 


The  air-cooled  powerplant  also  should  be  somewhat 
lighter  in  weight  than  the  water-cooled  powerplant  since, 
in  spite  of  the  added  length  of  the  engine  and  the  addition 
of  cooling  fins,  fan  and  air-ducts,  the  elimination  of 
water-jackets,  radiator,  pump,  piping  and  water  consti- 
tutes a  saving  in  weight  that  will  result  in  an  overall  sav- 
ing for  the  air-cooled  powerplant  in  most  cases.  The  in- 
dividual removable  cylinders  of  the  air-cooled  engine  are 
a  convenience  in  overhauling  that  largely  offsets  the  con- 
venience of  the  removable  head  of  the  water-cooled 
engine. 

CHOICE  OF  POWERPLANT  TYPE 

Without  going  into  the  question  in  detail,  it  appears 
that  the  well  designed  air-cooled  and  water-cooled  power- 
plants  are  approximately  equal  in  cost,  ease  of  produc- 
tion, smoothness  and  flexibility  of  operation,  and  road 
performance,  with  cars  of  equal  weight  and  engines  of 
equal  displacement. 

In  view  of  the  above  considerations,  it  is  apparent  that 
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the  choice  of  the  type  of  powerplant  will  depend  on  the 
individual  conditions  under  which  the  vehicle  is  to  be 
operated.     It  is  the  opinion  of  the  writer,  however,  that 


Fig.   26 — View  of  the  Type-I  Cylinder-Head  Showing  the  Ports 

the  advantages  of  the  air-cooled  engine  from  the  stand- 
points of  convenience  to  the  driver  and  entire  freedom 
from  cooling-system  trouble  will  result   in  a  rapid  and 


Fig.    2S — The    Type-J    Two-Port    Cylinder-Head 

ders  that  there  is  much  skepticism  as  to  their  ultimate 
practicability.     The  average  engine-designer  has  had  lit- 


Fig.    29 — The    Two-Port    Type-K    Cylinder-Head 

tie,  if  any,  practical  experience  in  the  foundry.     He  is, 
therefore,  more  or  less  dependent  upon  the  judgment  and 


Fig.  27 — Section  of  the  Type-I  Cylinder-Head 

healthy  growth  of  this  type  of  powerplant  for  automotive 
vehicles  in  this  Country. 

APPENDIX  2 

Foundry  Production  of  Air-Cooled  Cylinders''' 

The  production  of  air-cooled  cylinder  castings  having 
fins  cast  integrally  presents  problems  that  are  so  differ- 
ent from  those  encountered  in  making  water-cooled  cylin- 

15  Contributed  by  E.  H.  Dix.  Jr.,  in  charge  of  the  foundry  and 
metallurgical  branch,  engineering  division.  Air  Service,  McCook 
Field,  Dayton,  Ohio.  Fig.   30 — Another  View  of  the  Type-K  Two-Port  Cylinder-Head 
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given  such  advice,  it  is  natural  that,  where  such  designs 
were  attempted,  they  failed  due  to  foundry  difficulties. 
It  merely  proved  that  the  foundryman's  judgment  had 


Fig.    31 — Section    of   the   Ttpe-K   Cylinder-Head 

advice  of  the  foundryman.  Foundrymen,  as  a  class,  are 
slow  to  adopt  new  ideas,  and  their  judgments  are  apt  to 
he  based  on  past  experience  rather  than  future  possi- 
bilities. This  characteristic  is  evident  from  a  study  of 
the  progress,  or  rather  lack  of  progress,  that  has  been 
made  in  foundry  methods  until  recent  years.     The  foun- 


PlG. 


32 — The  Pattern   Equipment  Used  To  Produce  the  Ttpe-K 
Cylinder-Head 


•dry  has  been  the  last  manufacturing  department  to  at- 
tract the  attention  of  the  technical  man.  Men  learned  the 
foundry  trade  by  growing  up  in  a  foundry,  a  hard  and 
tedious  method;  but,  once  acquired,  knowledge  was 
possessed  which  was  carefully  guarded,  especially  from 
men  in  the  other  branches  of  the  industry.  This  policy 
or  habit  retarded  advancement  and  there  was  little  ex- 
change of  ideas.  It  is  not  surprising,  then,  that  the 
foundryman  would  advise  against  attempting  to  make 
castings  with  such  .long  thin  fins  as  closely  spaced  as  is 
required    by    efficient    design.      Also,    after   having    once 
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Fig.   33 — A   Detailed  View  of  the  Pattern   Plate   for  the   Drag 
Portion  of  the  Type-K  Mold 

been  correct;  but,  as  an  actual  fact,  his  cooperation  had 
been  only  half-hearted;  he  had  not  expended  his  best 
efforts.    However,  if  it  is  once  proved  to  him  what  can  be 


Fig 


34 — The  Pattern  Plate  for  the  Ttpe-K  Cylinder-Head  with 
the  Sheet-Aluminum  Fins  Removed 
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Pig.   35— View  of  the  Type-K  Pattern  Equipment  Showing  How  the  Sheet-Aluminum  Fins   Are  Mounted 


done,  he  will  not  be  content  until  he  has  accomplished 
corresponding  results. 

CASTING  ALUMINUM-ALLOY  CYLINDER-HEADS 

It  is  hoped  that  a  discussion  of  the  experience  of  the 
Engineering  Division  foundry  in  casting  aluminum-alloy 
cylinder-heads  fcr  air-cooled  engines  will   stimulate   in- 


Fig.    3G — The   Type-K   Mold 


and   Core   Showing    the    Method 
Gating 


terest  and  encourage  the  development  of  air-cooled  motor- 
car engines.  The  various  types  of  cylinder-head  casting 
made  to  date  are  illustrated  in  Figs.  24  to  31.  Both  tha 
four-port  type-H  shown  in  Fig.  24  and  the  three-port 
type-I  castings  illustrated  in  Figs.  25  to  27  require  out- 
side cores,  and  this  is  a  disadvantage  where  accurate 
smooth  fin-surfaces  are  required.  The  two-port  type-J 
casting  shown  in  Fig.  28  is  an  improvement  in  that  only 


a  cover  core  for  the  intake  port  is  required.  This  can  be 
eliminated  by  having  the  lugs  made  as  loose  pieces  to 
draw  in  toward  the  center. 

The  two-port  type-K  castings  illustrated  in  Figs.  29  to 
31  require  no  outside  cores,  and  the  body  core  is  made  in 
one  piece.  This  cylinder-head  is  a  triumph  of  design 
from  the  foundry  viewpoint,  and  shows  what  can  be  ac- 
complished in  the  way  of  simplifying  the  foundry  proc- 
esses if  due  consideration  is  given  that  point  in  the 
original  layout. 


Fig.    37- 


-The   Type-K   Cylinder-Head   Casting    with   the   Gates 
and   the  Riser  Attached 
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The  greatest  difficulty  in  the  production  of  these  cylin- 
der-heads is  in  the  molding.  Once  a  satisfactory  mold  is 
prepared,  the  metal  difficulties  are  few;  and,  for  this 
reason,  much  emphasis  must  be  placed  on  the  pattern 
equipment.  Metal  fins  are  a  necessity;  although,  for  ex- 
perimental work,  the  remainder  of  the  pattern  can  be 
made  of  wood.  Drawing  the  pattern  is  a  difficult  opera- 
tion at  best;  and,  if  wooden  fins  are  used,  the  warpage  is 
sufficient  to  cause  breaks  in  the  tongues  of  sand  between 
the  fins.  The  patterns  for  the  first  three  cylinders  de- 
scribed were  made  of  wood,  had  sheet-aluminum  fins  and 
were  mounted  on  wooden  match-plates.  These  proved 
very  satisfactory  for  the  development  stage. 

The  pattern  equipment  for  the  two-port  type-K  cylin- 
der is  shown  in  Fig.  32.  The  simplicity  of  the  core-box 
deserves  comment;  the  core  is  made  in  one  piece  and  thus 
eliminates  all  chance  for  core-shifts  and  lack  of  uniform- 
ity due  to  pasting  cores.  Both  plates  are  constructed  so 
that  the  fins  strip  through  the  pattern,  as  is  brought  out 
by  the  detailed  view  of  the  pattern  plate  for  the  drag  in 
Fig.  33.  Fig.  34  shows  the  fins  removed.  The  patterns 
and  plates  are  of  wood,  although  the  plates  are  reinforced 
by  sheet  aluminum.  The  fins  are  sheet  aluminum  mounted 
as  illustrated  in  Fig.  35.  This  equipment  was  made  for 
hand  operation  and  has  proved  to  be  very  successful,  ex- 
cept that,  after  considerable  use,  the  fit  of  the  fins  in  the 
pattern  has  become  loose  in  some  places,  which  allows 
thin  points  of  sand  to  be  rammed  between  the  fin  and 
the  pattern.  These  must  be  washed  off  to  prevent  dirty 
castings.  An  all-metal  pattern  for  production  work 
would  obviate  this  trouble.  By  stripping  the  fins  through 
the  pattern-board,  the  drawing  of  the  pattern  becomes  a 
simple  operation  and  most  of  the  molding  difficulties  are 
overcome.  This  method  is  believed  to  be  more  satisfac- 
tory than  the  joint  stripper-plate. 

The  type-K  cylinder  with  the  pattern  arrangement 
illustrated  in  Fig.  35  is  well  adapted  to  machine-molding 
except  for  the  substitution  of  metal  in  place  of  wood. 
Either  a  jolt  stripper  or  a  jolt  and  roll-over  machine  can 
be  used.  If  used  on  a  jolt  and  roll-over  machine,  the 
plate  to  which  the  fins  are  secured  would  be  attached  to 
the  draw-arm  and  the  other  plate  carrying  the  pattern 
would  be  hung  from  the  first  plate  by  close-fitting  pins 
which  would  not  engage  until  the  fins  had  been  with- 
drawn 1  in.  or  more,  thus  accomplishing  two  results  in 
one  operation. 

In  casting  the  aluminum  cylinder-heads  previously  il- 
lustrated, dry-sand  molds  have  been  used  exclusively. 
Sand  from  the  ordinary  heap,  strengthened  by  molasses 
water,  has  been  found  to  be  satisfactory.  Facings  are 
unnecessary  and  lead  to  complications.  Both  halves  of 
the  mold  are  sprayed  with  molasses  water,  and  the  core 
is  set  in  the  drag.  The  two  halves  are  then  placed  sep- 
arately in  a  core-oven  and  baked  at  about  400  deg.  fahr. 
for  6  hr.  The  mold  is  then  closed  and  poured  while  hot, 
as  this  aids  in  running  the  fins.  Recently,  attempts  have 
been  made  to  cast  the  type-K  cylinder-head  in  green  sand. 
These  experiments  seem  to  indicate  that  the  green-sand 
mold  is  not  suitable  for  this  type  of  work.  To  run  the 
fins  in  green  sand,  it  is  necessary  to  pour  at  a  higher  tem- 
perature and  much  faster  than  in  the  case  of  dry  sand. 


The  fast  pouring  often  causes  the  narrow  tongues  of 
sand  to  wash,  and  seems  to  cause  cold-shuts  where  the 
fins  join  the  body.  The  metal  has  a  tendency  to  blow 
when  poured  rapidly  into  the  green-sand  molds.  As  a 
result  of  these  experiments,  dry-sand  molds  are  strongly 
recommended.  The  splendid  success  attained  with  this 
type  of  mold  gives  little  excuse  for  making  these  heads 
in  cores  that  give  inaccurate,  rough  castings. 

GATING  FOR  ALUMINUM-ALLOY  CASTING 

The  experience  with  methods  of  gating  for  aluminum 
alloys  is  also  of  interest.  Fig.  24  shows  how  some  of  the 
first  cylinder-heads  were  poured.  These  were  poured 
two-up,  and  the  arrangement  was  such  as  to  get  the 
metal  into  the  mold  as  quickly  as  possible.  Although  it 
might  be  argued  that  this  method  is  likely  to  cause  the 
mold  to  wash  and  also  to  cause  drossy  metal,  no  diffi- 
culty was  experienced  in  this  connection.  Fig.  25  illus- 
trates a  similar  scheme,  except  that  single  instead  of 
double  pouring  was  used.  A  dirt-trap  ring  above  the 
cylinder  was  added  as  an  extra  precaution.  A  pouring 
temperature  of  1425  deg.  fahr.  was  used  with  the  methods 
of  gating  already  described. 

With  the  type-K  cylinder,  bottom-pouring  was  tried 
and  found  to  be  very  successful.  Fig.  36  shows  the  open 
mold  and  illustrates  this  method  of  gating.  The  casting 
with  the  gates  and  the  riser  attached  is  illustrated  in 
Fig.  37.    This  casting  was  poured  at  1460  deg.  fahr. 

It  had  been  customary  to  take  off  three  rows  of  vents 
from  each  fin  in  both  the  cope  and  the  drag,  to  allow 
easy  escape  of  the  gas  and  to  prevent  short-run  fins. 
However,  no  vents  were  taken  off  the  fins  of  the  casting 
shown  in  Fig.  37,  and  the  fins  were  full-run  and  much 
smoother  than  when  vents  were  taken  off.  The  elimina- 
tion of  the  vents  will  save  much  time  in  the  molding,  and 
is  particularly  desirable  for  machine-molding  where  the 
operator  is  not  a  skilled  molder.  Another  thing  that  is 
being  considered  is  the  number  of  wires  required  to  sup- 
port the  sand  between  the  fins.  For  the  hand-rammed 
dry-sand  molds,  three  rows  of  wires  have  been  used  in 
both  the  cope  and  the  drag.  However,  with  machine- 
molding,  it  is  believed  that  this  can  be  reduced  to  one 
row  or  perhaps  eliminated  altogether,  except  in  one  or 
two  very  deep  draws.  This  will  be  a  very  considerable 
item  in  production. 

The  mold  shown  in  Fig.  36  was  completely  prepared  by 
hand  in  about  2  hr.  by  the  use  of  the  stripper-plate  pat- 
tern illustrated  in  Fig.  35,  although  it  was  necessary  to 
wash  the  edges  between  each  fin,  due  to  the  fine  fins  of 
sand  caused  by  looseness  in  the  fit  of  the  fins  in  the  pat- 
tern. By  the  elimination  of  this  loss  of  time  and  by  hav- 
ing the  gates  and  the  risers  included  on  the  boards,  the 
time  of  molding  could  easily  be  cut  in  half.  With  ma- 
chine-molding, a  production  of  8  to  10  per  hr.  might  be 
obtained  easily. 

It  is  hoped  that  this  brief  outline  of  the  experience  of 
the  Engineering  Division  foundry  will  show  that  air- 
cooled  cylinder-head  castings  of  the  types  illustrated  are 
far  from  being  bad  production  propositions.  They  are, 
in  fact,  much  less  difficult  than  some  of  the  water-cooled 
designs  requiring  complicated  and  intricate  jacket-cores. 
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THE  heat-dissipating  properties  of  three  types  of 
radiator  core  have  been  investigated  at  the  Mason 
Laboratory,  Yale  University.  These  include  the  fin-and- 
tube,  the  ribbon  and  the  air-tube  groups,  so  classified 
according  to  the  flow  of  the  water  and  the  air.  The 
ratio  of  the  cooling  surface  to  the  volume  is  shown  to 
be  nearly  the  same  in  the  fin-and-tube  and  the  air-tube 
cores,  while  that  of  the  ribbon  core  is  somewhat 
greater.  A  formula  is  derived  for  computing  the  heat- 
transfer  coefficient,  which  is  defined  as  the  number  of 
heat  units  per  hour  that  will  pass  from  one  square 
foot  of  surface  per  degree  of  temperature-difference 
between  the  air,  and  the  water  and  is  the  key  to  radiator 
performance,  as  by  it  almost  any  desired  information 
can  be  obtained.  When  the  heat-transfer  coefficients 
have  been  found  for  a  sufficiently  wide  range  of  water 
and  air-flows  the  cooling  capacity  of  a  radiator  can  be 
computed  for  any  desired  condition.  In  an  appendix 
five  fundamental  and  six  derived  formulas  are  given. 
These  cover  such  topics  as  pump  circulation,  thermo- 
syphon  circulation,  limiting  depth  of  core  required,  final 
temperatures,  weight  of  water-flow  and  the  like.  The 
results  of  applying  the  formulas  to  six  cores  that  were 
selected  as  representative  of  the  three  main  types  are 
illustrated  by  a  series  of  charts. 

A  RADIATOR  is  used  to  cool  the  jacket-water  of 
engine  cylinders.  Its  ability  to  dissipate  heat 
depends  not  only  on  the  extent  and  form  of  its 
cooling  surface,  but  also  on  the  velocity  at  which  the  air 
and  the  water  flow  past  the  surface.  The  air  velocity  in 
the  case  of  automobiles  and  trucks  is  frequently  low,  and 
must  be  supplemented  by  a  fan  driven  by  the  engine. 

The  value  of  a  radiator  is  determined  by  other  factors 
than  its  ability  to  dissipate  heat,  but  this  alone  will  be 
considered  in  the  present  discussion  which  will  describe 
a  method  of  computing  the  cooling  capacity  of  radiators, 
under  any  reasonable  operating  conditions,  that  is  based 
on  coefficients  determined  by  laboratory  tests.  An  appli- 
cation of  the  method  has  been  made  to  several  types  of 
radiator  and  their  cooling  characteristics  have  been  dis- 
closed. 

Classification  of  Radiators 

A  radiator  contains  tanks  located  on  the  top  and  at  the 
bottom  to  receive  and  to  distribute  the  water.  A  cellular 
portion,  usually  called  the  core,  occupies  the  space  be- 
tween the  top  and  the  bottom  tanks  and  serves  to  cool 
the  water.  Numerous  small  passages  allow  the  water  to 
flow  through  the  core,  while  provision  is  made  for  air 
to  circulate  freely  around  the  hot  metal  to  remove  the 
heat.  In  addition  to  the  parts  mentioned,  a  protecting 
case  usually  is  added  to  support  the  radiator  and  to  give 
a  pleasing  appearance  to  the  front  of  the  vehicle. 

The  core  is  made  preferably  of  rectangular  outline 
and  of  uniform  depth  or  thickness.  It  is  constructed  in 
a  variety  of  forms,  but  all  have  the  same  characteristic 
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thin-walled  water-passages,  with  free  air  circulating  on 
their  exterior.  With  regards  to  their  heat-dissipating 
properties,  cores  may  be  divided  into  three  classes:  (a) 
fin-and-tube,  (b)  ribbon  and  (c)  air-tube. 

In  the  first  type  the  water  passages  are  straight  tubes 
leading  from  the  fop  to  the  bottom  tanks,  with  fins  at- 
tached to  give  an  increased  surface  for  removing  the 
heat.  The  tubes  usually  are  cylindrical,  but  occasionally 
are  drawn  in  oval  or  flat  forms.  Disc  fins  are  made  by 
soldering  to  the  tube  at  close  intervals  round  or  square 
metal  plates  of  about  twice  the  diameter  of  the  tube. 
This  method  of  construction  is  varied  by  using,  instead 
of  fins,  strips  that  are  punched  to  receive  a  row  of  tubes. 
A  more  common  arrangement  is  called  the  continuous 
fin,  since  it  consists  of  a  larger  plate  punched  to  receive 
all  the  tubes  of  the  core.  Whatever  the  type  may  be,  the 
fins  are  spaced  about  equal  distances  apart  and  are 
usually  five  or  six  per  inch.  The  tubes  are  of  V4  to  %-in. 
diameter. 

In  the  ribbon-core  type  the  water  passages  are  formed 
between  parallel  plates,  which  are  separated  slightly  by 
crimping  the  edges,  or  by  using  a  spacing  wire  and  then 
soldering  them.  The  water  ribbons  are  made  the  full 
depth  of  the  core,  and  extend  from  the  top  to  the  bottom, 
where  they  are  fastened  to  the  water-tanks.  The  ribbons 
have  either  straight  or  zigzag  channels.  They  are  sepa- 
rated at  regular  intervals  by  the  attached  ribs,  or  fins, 
which  serve  the  double  purpose  of  stiffening  the  core  and 
increasing  the  amount  of  surface  for  dissipating  the 
heat.  The  attached  fins  are  laid  out  in  regular  lines  and 
give  to  the  front  a  cellular  appearance  of  squares,  dia- 
monds or  hexagons,  according  to  the  shape  of  the  ribbons. 
Two  sides  of  each  air-passage  as  a  rule  are  bounded  by 
water  ribbons  and  the  others  by  fin  surfaces.  It  is  pos- 
sible, however,  to  join  the  corners  of  zigzag  ribbons  to- 
gether to  form  a  core  without  connecting  the  fins,  and 
this  construction  is  sometimes  used.  The  water  passages 
in  the  ribbons  are  from  0.05  to  0.06  in.  wide.  The  air 
cells  are  from  3/16  to  %  in.  square. 

Air-tube  cores  are  made  up  of  short  tubes  packed 
closely  together  in  horizontal  rows,  with  their  ends 
flared  and  soldered  to  form  the  front  and  the  back  of  the 
core.  Air  passes  through  the  tubes,  while  the  water  fills 
the  entire  space  around  the  tubes,  and  flows  in  any  path 
from  the  top  to  the  bottom.  In  appearance  air-tube  cores 
resemble  ribbon  cores;  and  both  belong  to  the  cellular 
class.  Air  tubes  have  no  fins,  the  surface  being  heated 
by  direct  contact  with  the  hot  water.  In  some  cases 
baffles,  or  dents,  are  formed  in  the  tubes  to  increase  their 
effectiveness  in  cooling.  This  result  is  produced,  not  by 
an  increase  of  the  surface,  but  by  a  turbulence  in  the 
air-flow  that  renders  the  same  amount  of  surface  more 
effective.  Air-tube  cores  have  been  made  with  both 
round  and  square  tubes,  but  neither  type  has  been  much 
used  owing  perhaps  to  the  cost  of  manufacture.  Diagram- 
matic drawings  of  all  three  types  of  core  are  shown  in 
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Fig.  1.     The  number  of  examples  under  ribbon  cores  is 
so  great  that  only  a  few  common  forms  are  illustrated. 

Measurements  of  Radiator  Cores 

The  cooling  capacity  of  a  radiator  depends  chiefly  on 
the  core,  since  the  water-tanks  have  relatively  little 
effect.  Correct  measurements  of  the  core  are  therefore 
of  importance  in  determining  its  capacity.  The  size  of 
a  radiator  is  expressed  by  the  frontal  area  and  the  depth 
of  the  core.  The  combined  area  of  the  air  passages 
through  the  core,  called  the  free-air  area,  is  a  factor  in 
its  performance. 

Average  values  of  the  free-air  area  of  typical  cores, 
expressed  as  percentages  of  the  frontal  area,  are  given 
in  Table  1.  It  will  be  seen  that  the  values  range  from 
65  to  75  per  cent  for  all  cores ;  hence  the  free-air  area  is 
a  fairly  large  percentage  of  the  frontal  area,  and  is 
nearly  constant  for  all  types  of  core. 

The  capacity  of  a  radiator  is  closely  connected  with 
the  total  amount  of  surface  exposed  to  the  air  currents. 
This  measurement,  like  the  free-air  area,  is  determined 
by  the  mensuration  of  the  core,  and  is  usually  expressed 
in  two  parts.  The  surface  enclosing  the  water  channels 
is  called  the  direct  surface,  and  is  assumed  to  be  more 
effective,  since  it  is  in  direct  contact  with  the  hot  water. 
The  remaining  surface,  consisting  of  fins  or  ribs,  re- 
ceives heat  by  conduction  and  is  called  the  indirect  sur- 
face. When  the  term  surface  is  mentioned  without 
qualification,  it  refers  to  the  total  or  sum  of  the  direct 
and  the  indirect  surfaces.  The  surfaces  of  different 
cores  can  be  compared  only  when  they  have  the  same 
volume.  The  results  of  comparing  several  types  of  core 
are  given  in  Table  1.  The  unit  of  comparison  has  been 
the  surface  of  a  core  having  a  volume  of  1  cu.  ft.  Fin- 
and-tube  cores  have  about  the  same  amount  of  surface 
as  air-tube  cores,  or  from  110  to  130  sq.  ft.  for  each 
cubic  foot  of  volume.  Certain  ribbon  cores  have  about 
the  same  amount  of  surface,  but  some  small-sized  cell 
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cores  with  straight  ribbons  have  a  unit  surface  as  large 
as  175  sq.  ft. 

The  percentage  of  direct  surface  for  the  different  types 
of  core  is  given  in  Table  1.  As  stated  above,  it  consists 
of  a  surface  in  contact  with  the  water.  The  direct  sur- 
face varies  widely,  being  100  per  cent  for  air-tube  cores 
and  only  15  per  cent  for  fin-and-tube  cores.  The  values 
given  in  Table  1  are  to  be  considered  as  general  aver- 
ages only.  For  use  in  computing  any  particular  core  the 
free-air  area  and  core  surface  must  be  carefully  measured. 

Experiments  on  Cooling  Capacity  of  Radiators 

The  heat  dissipated  by  a  radiator  can  be  measured  by 
supplying  a  known  quantity  of  hot  water  at  a  constant 
temperature,  and  observing  the  drop  of  the  temperature 
of  the  water  for  different  air-velocities  through  the  core. 
The  apparatus  requires  some  form  of  wind-tunnel,  with 
means  for  adjusting  the  rate  of  air-flow.  It  also  re- 
quires an  ample  water-supply  at  a  constant  temperature 
with  means  for  metering  and  controlling  the  rate  of 
flow.  The  experiments  described  were  made  on  apparatus 
of  this  kind,  where  direct  measurements  were  made  at 
all  temperatures,  velocities,  and  the  like.  The  air 
velocity  was  not  measured  directly,  however,  but  was 
computed  from  the  air  temperatures  by  the  thermal 
relations. 

Comparison  of  the  cooling  capacity  of  two  radiators 
requires  identical  air-velocities  and  identical  tempera- 
tures of  the  entering  water  and  the  air.  Since  it  is 
practically  impossible  to  maintain  these  conditions  con- 
stant, to  make  a  comparison  it  is  necessary  to  make  a 
final  reduction  to  a  common  basis.  Formulas  for  this 
coefficient  to  the  other  radiator  test-data  are  given  in  the 
Appendix.  The  starting  point  for  this  theory  was  the 
assumption  that  the  rate  at  which  heat  leaves  the  surface 
is  proportional  to  the  difference  in  temperature  between 
the  metal  and  the  air.  The  defect  of  the  theory  is  that 
it  takes  no  account  of  the  effect  of  the  velocities  of  the 
air  and  the  water;  hence  these  two  variables  must  be 
dealt  with  independently,  as  will  be  shown  in  the  next 
paragraph. 

Heat-Transfer  Coefficients 

The  theory  of  the  transmission  of  heat  from  water  to 
air  through  a  thin  metal  wall  involves  the  rate  at  which 
the  heat  is  transferred  from  the  wall  or  surface.  The 
rate  of  transfer  is  expressed  by  the  heat-transfer  co- 
efficient which  is  defined  as  the  number  of  heat  units  per 
hour  that  will  pass  from  one  square  foot  of  surface  per 
degree  of  temperature-difference  between  the  water  and 
the  air.  In  the  case  in  which  the  temperature  of  both  the 
water  and  the  air  changes  in  passing  through  the  radi- 
ator, the  arithmetical  mean  of  the  entrance  and  exit  tem- 
peratures is  taken.  The  relation  of  the  heat-transfer 
coefficient  to  the  other  radiator  test-data  is  given  in  the 
appendix,  where  formula  (1)  is  used  for  computing  the 
coefficient. 
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When  a  radiator  is  tested,  a  series  of  runs  is  made 
covering  the  desired  range  of  air  and  water  velocities, 
for  each  of  which  the  heat-transfer  coefficient  is  com- 
puted. The  radiator  performance  is  then  estimated,  not 
from  the  tests,  but  from  the  computed  quantities  found 
by  the  aid  of  the  coefficients.  It  is  desirable  to  plot  the 
coefficients  on  cross-section  paper  so  that  inconsistent  or 
erroneous  results  can  be  detected  and  the  intermediate 
values  interpolated. 

An  example  of  the  heat-transfer  coefficients  for  a  rib- 
bon core  is  given  in  Fig.  2.  It  is  apparent  that  the  coef- 
ficients are  not  constant,  but  increase  with  both  the 
■water  and  the  air  velocities.  Similar  diagrams  have 
been  made  for  other  types  of  radiator,  for  each  of  which 
values  have  been  interpolated  for  the  same  velocities, 
forming  the  new  diagram  shown  in  Fig.  3. 

Six  cores  have  been  chosen  as  fairly  representative  of 
the  three  main  types.  The  effect  of  high  and  low  air- 
velocities  is  clearly  shown  by  the  right  and  the  left  sides 
of  the  diagram.   At  low  air  velocity  the  air-tube  and  the 
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Fig.   2 — Heat- Transfer  Coefficients  Showing  the  Variation 
Produced  by  Changes  in  the  Flow  of  Air  and  Water 

ribbon  cores  are  about  on  a  par.  At  high  air-velocity 
"the  air-tube  surface  is  more  effective  than  the  ribbon 
core.  In  both  cases  the  fin-and-tube  surface  is  inferior 
to  either  of  the  others. 

Comparison  of  Cooling  Capacity 

When  the  heat-transfer  coefficients  have  been  found  for 
■a  sufficiently  wide  range  of  water  and  air-flows,  the  cool- 
ing capacity  of  a  radiator  can  be  computed  for  any  given 
condition.  It  is  scarcely  too  much  to  say  that  the  coef- 
ficients are  a  key  to  the  radiator  performance,  for  by 
their  aid  almost  any  desired  information  can  be  had.  A 
useful  expression  for  cooling  capacity  is  given  in  the 
appendix,  formula  (6).  It  requires  as  given  data:  the 
initial  water-temperature,  t1 ;  the  initial  air-temperature, 
t3;  the  rate  of  water-flow,  w;  the  rate  of  air-flow,  W; 
the  core  surface,  S;  and  the  heat-transfer  coefficient,  k. 
The  air-flow  rate  must  be  computed  by  formula  (2),  using 
the  assumed  air-velocity  and  free-air  area  of  the  core. 
In  comparing  the  cooling  capacity  of  the  two  radiators, 
it  is  necessary  to  assume  the  same  frontal-area  and  core- 
depth,  as  well  as  equal  temperatures  and  velocities. 

The  foregoing  method  has  been  applied  to  the  six  cores 
whose  heat-transfer  coefficients  were  given  in  Fig.  3. 
The  cooling  capacities  are  given  in  Fig.  4,  where  the 
results  are  arranged  in  the  same  general  way  as  in  the 
preceding  diagram.  In  comparing  the  two  diagrams,  it 
must  be  remembered  that  the  heat-transfer  coefficient 
takes  account  only  of  the  quality  of  the  surface  for  heat 
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Fig.   3 — Comparative   Heat-Transfer  Coefficients  for  Different 
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exchange,  but  not  its  extent.  On  the  other  hand,  the 
capacity  diagram  takes  account  of  both  the  quality  and 
the  extent  of  surface  of  each  core;  hence  it  is  a  true 
measure  of  its  cooling  ability. 

Fig.  4  suggests  several  interesting  conclusions,  which 
may  be  stated  as  follows: 

(1)  As  between  ribbon  and  air-tube  cores  as  classes, 
there  is  little  to  choose  for  the  speeds  used  in 
automobiles.  For  low  air-velocity,  ribbon  cores  are 
slightly  better.  For  higher  air-velocity  the  results 
are  about  on  a  par 

(2)  The  baffles,  or  dents,  used  in  air-tube  cores  add 
materially  to  the  cooling,  without  increasing  the 
surface  or  weight 

The  straight-walled  ribbon  core,  having  small 
square  cells  with  50  per  cent  of  indirect  surface, 
cools  as  well  as  other  ribbon  cores  with  100-per 
cent  direct  surface.  This  result  is  partly  due  to 
the  greater  amount  of  surface  possessed  by  the 
small  cell  core,  but  it  also  indicates  that  the  indirect 
surface  of  this  type  of  core  is  nearly  equal  to  the 
direct  surface  in  cooling  ability 

(4)  The  fin-and-tube  core  has  only  about  three-quarters 
of  the  cooling  capacity  of  the  best  forms  of  ribbon 
core  of  the  same  size.  This  is  not  surprising  in 
view  of  the  large  amount  of  indirect  surface  con- 
tained in  the  fin-and-tube  type 

Thermo-Syphon  Cooling 

That  the  capacity  of  a  radiator  is  greatly  lessened  by 
reduced  water-flow  has  been  shown  clearly  by  Fig.  4, 
where  the  rates  of  flow  vary  from  1000  to  4000  lb.  per 
hr.  The  heat  exchange  in  thermo-syphon  cooling  can  be 
computed  by  formula  (7)  of  the  appendix.  This  formula 
differs  from  formula  (6)  by  omitting  the  water-flow,  w, 
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and  substituting  the  exit  temperature  t...  Otherwise  it  is 
used  in  the  same  way  as  formula  (.6),  but  it  has  one 
drawback  in  that  the  value  of  the  heat-transfer  coeffi- 
cient depends  on  the  water-flow ;  hence  it  cannot  be  inter- 
polated in  advance  from  the  diagram.  This  drawback 
can  be  overcome  by  a  trial  computation  with  an  estimated 
value,  from  which  an  approximate  water-flow  can  be 
had,  and  from  it  a  revised  value  of  the  coefficient. 

In  comparing  pump  and  thermo-syphon  cooling,  the 
water-temperature  drop  can  be  assumed  in  each  case, 
such  as  200  to  185  for  the  pump  and  200  to  150  deg. 
fahr.  for  the  thermo-syphon.  For  the  fin-and-tube  core 
of  Fig.  3,  with  water-flows  of  1000  and  4000  lb.  per  hr., 
the  heat-transfer  coefficients  may  be  assumed  to  be  6.4  for 
thermo-syphon  and  8.7  for  pump,  both  for  an  air-velocity 
of  1500  ft.  per  min.  The  fin-and-tube  core  in  ques- 
tion has  a  core  width  of  19.00  in.,  a  depth  of  2.50  in.,  a 
frontal  area  of  2.24  sq.  ft.,  a  cooling  surface  of  62.00  sq. 
ft.,  and  a  free-air  area  of  1.57  sq.  ft.  From  these  values 
the  weight  of  air,  as  found  by  formula  (2),  is  W  = 
10,200  lb.  per  hr.  In  solving  formula  (7)  the  air  tem- 
perature is  assumed  to  be  70  deg.  fahr.,  and  the  water 
temperatures,  as  stated  above,  200  to  185  and  200  to  150 
deg.  fahr. 

For  the  pump,  H  —  60,000  B.t.u.  per  hr. 

For  the  thermo-syphon,  H  =  39,000  B.t.u.  per  hr. 

By  formula  (9)  the  water  circulation  found  for  each 
case  is, 

For  the  pump,  w  —  4000  lb.  per  hr. 

For  the  thermo-syphon,  w  =  780  lb.  per  hr. 

As  the  water-flows  agree  well  enough  with  those  as- 
sumed in  estimating  the  heat-transfer  coefficients,  it  is 
not  necessary  to  choose  new  values,  and  the  values  of  H 
may  be  assumed  to  be  correct. 

From  these  figures  the  cooling  of  thermo-syphon  cores 
may  be  taken  as  about  two-thirds  of  that  for  pump  cir- 
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5 — Chart   Showing   the  Cooling   Capacity   for  Various 
Frontal  Areas  and  Depths  of  Core 


culation,  and  the  water  circulation  as  about  one-fifth  as 
fast.  These  figures  are  based  on  an  arbitrary  tempera- 
ture-drop in  the  radiator,  and  may  be  revised  to  suit  the 
existing  data.  They  are  offered  as  showing  a  method  of 
dealing  with  thermo-syphon  circulation  in  a  rational  way. 
It  is  likely  that  the  temperature-drop  may  be  much  less 
than  that  assumed,  as  an  active  circulation  may  be  kept 
up  by  the  steam-bubbles  in  the  pipe  leaving  the  cylinders, 
even  with  the  water  at  nearly  a  constant  temperature. 

Cooling-Capacity  Charts 

The  computed  results  for  a  radiator  core  may  be  put  in 
convenient  form  for  use  as  shown  in  Fig.  5.  The  frontal 
area  is  laid  off  on  the  horizontal  center-line,  with  the 
cooling  capacity  above  and  the  circulating  water  below. 
Each  core-depth  is  marked  on  a  sloping  line,  the  heavy 
lines  for  the  pump  and  the  light  lines  for  the  thermo- 
syphon  circulation.  The  cooling  capacity  is  given  in  two 
units,  the  heat  units  on  the  left  axis  and  the  engine  horse- 
power on  the  right.  The  two  units  are  connected  by  the 
relation  that  the  cooling  required  by  1  engine  hp.  is 
3000  B.t.u.  per  hr.  This  figure  is  an  arbitrary  one  but  is 
believed  to  give  sufficent  cooling  for  automobile  engines. 

In  constructing  charts  such  as  these  it  is  necessary  to 
assume  limiting  temperatures  of  the  water  and  the  air. 
In  Fig.  5  the  water  temperatures  were  taken  as  200  to 
180  for  pump  circulation,  and  200  to  140  deg.  fahr.  for 
thermo-syphon  circulation.  The  air  temperature  was  as- 
sumed to  be  80  deg.  fahr.  The  core  air-velocity  was 
assumed  to  be  1840  ft.  per  min.,  corresponding  to  about 
25  m.p.h.  Since  all  the  lines  are  straight  and  pass 
through  the  origin,  it  is  necessary  to  compute  only  one 
point  by  the  formulas;  thus  the  labor  of  constructing 
the  diagram  is  reduced.  The  water  rate  for  thermo- 
syphon  circulation  has  no  practical  value,  but  was  added 
to  the  chart  because  of  its  general  interest.  The  chart 
may  be  used  to  determine  the  size  of  radiator  suitable 
for  a  given  engine,  subject  to  the  assumptions  made.  For 
example,  a  50-hp.  engine  with  pump  circulation  requires 
a  core  of  4-in.  depth  and  3-sq.  ft.  frontal  area,  and  the 
engine  pump  must  handle  9  gal.  of  water  per  minute. 

Limiting  Values  of  Core-Depth 

The  cooling  capacity  of  a  radiator  can  be  increased  by 
adding  to  its  depth,  without  changing  the  frontal  area. 
The  increased  depth  will  be  accompanied  by  a  propor- 
tionate increase  of  the  cooling  surface  and  the  quantity 
of  circulating  water,  but  no  change  in  the  air-flow.  It 
follows  that,  although  the  capacity  will  increase  with  the 
depth,  it  will  do  so  in  a  diminishing  ratio,  and  will  reach 
a  limit  where  no  further  increase  of  the  depth  will  be 
justified. 

The  limits  of  core-depth  can  be  worked  out  from  for- 
mula (8)  which  is  given  in  the  Appendix.  In  applying 
formula  (8)  it  is  necessary  to  assume  initial  and  final 
values  for  the  temperatures  of  both  the  water  and  the  air. 
This  can  be  done  inasmuch  as  the  water  temperature- 
drop  is  to  be  constant  for  all  depths,  say  from  200  to 
180  deg.  fahr.,  and  the  air  temperature  is  to  rise  to  a  fixed 
limit,  which  may  be  put  at  120  deg.  fahr.,  from  an  initial 
temperature  of  70  deg.  fahr. 

To  illustrate,  a  ribbon  core  has  a  frontal  area  of  2.21 
sq.  ft.;  a  free-air  area  of  1.42  sq.  ft.;  a  surface,  for  1-in. 
depth,  of  19.00  sq.  ft.  Tests  of  this  core  showed  a  heat- 
transfer  coefficient,  A-  =  15.0  for  2.875-in.  depth,  at  a  ve- 
locity of  2900  ft.  per  min.  through  the  core. 

The  temperatures  for  use  in  (8)  are:  t,  =  200  deg. 
fahr. ;  t  =  180  deg.  fahr. ;  t,  =  70  deg.  fahr. ;  t,  =  120 
deg.  fahr.;  M  =  19 ;  k  =  15.     IF  is  to  be  computed  from 
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appendix  formula  (2),  using  the  air-velocity  and  free-air 
area  given  above,  whence  W  =  17,800  lb.  per  hr. 

Substituting  in  (.8),  the  value  of  d  is  found  to  be  7.9 
in.,  which  is  the  proper  depth  of  core  for  the  limiting 
conditions  imposed. 

The  cooling  capacity  for  the  limiting  depth  is  computed 
by  formula  (4)  as  213,000  B.t.u.  per  hr.  The  required 
water-flow  is  given  by  formula  (9)  as  10,650  lb.  per  hr., 
or  22  gal.  per  min. 

Deep  cores  are  required  only  when  high  air-velocities 
are  supplied.  For  example,  in  the  core  just  described, 
if  the  velocity  be  reduced  to  1800  ft.  per  min.  with  the 
corresponding  value  of  k  =  13.0,  the  depth  is  found  by 
(8)  to  be  d  =  5.7  in. 

In  the  preceding  computations  it  has  been  assumed 
that  the  heat-transfer  coefficient  varies  with  the  air  and 
the  water  velocities,  but  not  with  the  change  in  the 
depth  of  core.  The  coefficient  probably  varies  slightly 
with  the  core  depth ;  hence  some  error  may  be  introduced 
by  this  assumption. 

Radiators  for  Steam  Condensation 

In  steam  automobiles  it  has  been  found  convenient  to 
utilize  the  radiator  to  condense  the  steam,  which  is  then 
available  for  feeding  to  the  boiler,  thus  avoiding  the  fre- 
quent filling  of  the  supply  tank.  The  cooling  capacity  of 
the  radiator  when  condensing  the  steam  can  be  found  in 
the  same  way  as  when  cooling  the  jacket-water.  It  is 
necessary  only  to  modify  formula  (7)  by  making  t,  =  t,= 
212  deg.  fahr.  The  value  of  the  heat-transfer  coefficient, 
k,  is  found  as  for  hot  water  with  the  most  rapid  circula- 
tion. Radiators  of  the  fin-and-tube  type  are  most  durable 
for  steam  where  superheat  is  sometimes  found  in  the 
exhaust. 

The  application  of  radiators  to  the  condensing  of  steam 
can  be  illustrated  by  an  example,  in  which  the  brake 
horsepower  will  be  assumed  to  be  20.  The  steam  con- 
sumption per  hour  will  be  about  20  x  15,  or  300  lb.  To 
condense  this  steam  will  require  approximately  1000 
B.t.u.  per  lb.,  or  300,000  B.t.u.  per  hr.  It  is  pertinent 
to  remark  that  if  a  20-hp.  engine  had  been  used  in  a 
gasoline  car,  the  heat  removed  from  the  jackets  would  be 
only  20  x  3000  or  60,000  B.t.u.  per  hr.  This  amount  is 
only  one-fifth  of  the  heat  removed  in  condensing  the 
steam ;  hence  it  is  safe  to  predict  that  the  condenser  for 
the  steam  car  must  be  much  larger  than  the  radiator  for 
the  gasoline  car. 

In  computing  the  size  of  radiator  required,  it  will  be 
well  to  select  a  considerable  depth,  say  5  in.,  for  which 
the  surface  per  square  foot  of  frontal  area  will  be  54 
sq.  ft.,  using  the  average  values  for  fin-and-tube  cores, 


Table  1.  The  free-air  area  may  be  assumed  as  70  per 
cent  of  the  frontal  area  and  the  air  velocity  through  the 
area  may  be  assumed  to  be  1840  ft.  per  min.,  correspond- 
ing to  a  speed  of  25  m.p.h.  The  air-flow  by  formula  (2) 
will  be  5600  lb.  per  hr.  The  heat-transfer  coefficient,  k, 
according  to  Fig.  3  will  be  about  9.0. 

Placing  the  above  values  in  formula  (.7),  the  heat  dis- 
sipated per  square  foot  of  frontal  area  is  found  to  be 
58,000  B.t.u.  per  hr.  The  frontal  area  required  to  con- 
dense the  entire  amount  of  steam  will  be  300,000  divided 
by  58,000,  or  5.2  sq.  ft.,  or  the  equivalent  of  25  x  30  in. 
It  will  be  interesting  to  compare  these  figures  with  the 
size  of  radiator  used  on  the  Stanley  steam  car  in  1920, 
which  was  23  x  23  x  5  in.  Without  doubt  the  condensing 
radiator  of  a  steam  car  will  be  taxed  more  severely  than 
the  radiator  for  cooling  the  jacket-water  of  a  gasoline  car. 

APPENDIX 
A  =  the  free-air  area  through  the  core 
d  =  the  depth  of  the  core 
H  =  the  heat  dissipated  from  the  core 
k  =  the   heat-transfer    coefficient    computed    by    for- 
mula  (1) 
M  =  the  surface  of  the  core  per  inch  of  depth 
S  =  the  surface  of  the  core 

s  =  the  specific  volume  of  air  at  the  mean  tempera- 
ture 
t3  =  the  temperature  of  the  air  entering  the  core 
t.  =  the  temperature  of  the  water  leaving  the  core 
f.i  =  the  temperature  of  the  air  entering  the  core 
tt  =  the  temperature  of  the  air  leaving  the  core 
V  =  the  velocity  of  the  air-flow  through  the  core 
W  =  the   weight   of   the   air   circulating  through   the 

core 
w  =  the  weight  of  the  water  circulating  through  the 
core 
0.24  =  the  specific  heat  of  air  at  a  constant  pressure 
Fundamental  Forvmlas 

k=\_w\u—u)]  4-  \S(,y2[u  +  w]  —  y2  [«,  +  <<])  !• 

(1) 

W=  (60AV)^s  (2) 

H-w(U-U)  (3) 

H  =  0.24  W(U  —  t,)  (4> 

H=  V2(f1  +  f,  —  U  —  t4)kS  (5) 

The  following  formulas  were  derived  from  those  given 
above  by  transformation 

H=  [0.48  W(f,—  *,)]^[1  +  (0.48  W/kS)  +  (0.24  W/w)] 

(6) 
H=  \  0ASW[V2(U  +  U)  —  t,-]  K[1  +  (0.48W7A:S)] 

(7) 

d=  [0A8W (U—  U)]^-[kM (t,+  tr-t,—  U)  ]  (8) 

w  =  H/(U  —  t2)  (9) 

t,  =  t,—  (H/iv)  (10). 

U=  t,+  (H/0.24W)  (11) 


TAXATION  ON  A  TIRE  CONSUMPTION  BASIS 


MOTOR-VEHICLE  taxation  should  be  directly  proportional 
to  the  inflicting  of  damage  upon  the  road.  Statistics 
should  be  compiled  to  determine  where  and  why  and  how  dam- 
age is  done  to  the  road,  where  true  economy  lies  and  where 
waste  is  created.  A  flat  method  of  taxation  for  all  cars,  with 
the  result  that  whether  a  car  covers  in  one  year  1000  or 
100,000  miles,  the  tax  on  both  would  be  identical  in  amount, 
should  not  be  followed.  The  only  way  to  redress  this  unfair- 
ness is  to  shift  the  burden  of  taxation  from  the  vehicle  to  the 
accessories  that  allow  it  to  function.  In  other  words,  the  tax 
must  be  moved  back  to  the  fuel  or  to  the  tires  that  record 
the  business  done  by  the  cars  shod  with  them.  The  latter 
seems  to  be  the  simpler  expedient,  and  is  fairer  and  easier 
to  administer. 

Tires  cannot  be  used  for  anything  but  their  legitimate  pur- 
pose and  every  automobile  owner  must  buy  them.    Their  exis- 


tence varies  with  the  distance  they  cover,  the  rate  at  which 
they  are  revolved  and  the  way  in  which  the  cars  upon  which 
they  are  mounted  are  driven.  The  more  damage  a  tire  does 
to  a  road,  the  sooner  it  is  worn-out,  and  the  earlier  the  owner 
has  to  find  the  money  to  make  good  the  damage  it  inflicts. 
Of  course,  there  are  some  parts  of  the  country  where  the  state 
of  the  roads  is  so  bad  that  tires  do  not  last  as  long  as  in  more 
civilized  districts,  but,  after  all,  one  must  pay  for  the  luxury 
of  living  where  there  are  good  roads.  Again  an  owner  might 
have  bad  luck  with  one  tire,  but  he  can  always  change  his 
brand.  The  plan  would  inspire  the  manufacture  of  better 
tires  and  teach  drivers  the  virtues  of  carefulness  and  road 
sportsmanship. 

It  should  not  be  difficult  to  fix  such  a  tax.  It  should  not 
vary  altogether  with  size,  but  be  based  more  on  a  section  than 
on  a  circumference  basis. — Autocar. 
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HARDWOOD  LUMBER  STANDARDIZATION 


DURING  the  past  fall  the  project  of  establishing  new 
standards  for  the  methods  of  grading  hardwood  lumber 
for  all  hardwood  consuming  industries  was  first  brought  to 
the  Society's  attention  by  the  Hardwood  Manufacturers'  In- 
stitute in  Chicago  with  the  object  of  securing  the  coopera- 
tion of  the  Society  as  the  national  engineering  body  for  the 
automotive  industries,  in  carrying  through  this  project  to  a 
successful  termination.  It  was  thought  better  at  that  time 
to  learn  more  of  the  project  before  attempting  to  establish 
an  organization  within  the  Society  to  consider  this  work. 
It  was  considered,  however,  that  probably  the  best  method 
of  handling  it  would  be  through  the  Passenger-Car  Body 
Division  of  the  Society's  Standards  Committee.  Subse- 
quently, the  members  of  this  Division  were  written  to  in 
this  connection  and  the  subject  scheduled  for  discussion  at 
the  meeting  of  the  Division  in  Detroit  on  Nov.  2,  to  which 
F.  F.  Murray,  advisory  mechanical  engineer  of  the  Hard- 
wood Manufacturers'  Institute,  was  invited  to  address  the 
members. 

He  outlined  the  hardwood  production  situation  and  de- 
scribed the  Institute's  part  in  the  general  lumber  standard- 
ization project  that  was  largely  inspired  and  sponsored  by 
Secretary  Hoover  of  the  Department  of  Commerce,  and  by 
the  National   Lumber   Manufacturers'   Association. 

Mr.  Murray  said : 

The  Hardwood  Manufacturers'  Institute  is  national 
in  scope,  its  membership  comprising  strictly  hardwood 
producers  and  saw-mill  operators  whose  output  repre- 
sents about  35  per  cent  of  all  hardwood  lumber  pro- 
duced in  the  United  States. 

Standardization  of  lumber  sizes  and  cutting-up  sizes 
for  various  purposes  and  of  improved  grading  specifi- 
cations is  a  problem  requiring  the  cooperative  effort 
of  the  producers  and  consumers,  and  the  Hardwood 
Manufacturers'  Institute  is  endeavoring  to  establish 
that  cooperation  with  the  consumers  to  remedy  the 
admittedly  unsatisfactory  conditions  that  now  prevail. 

The  consumers  of  hardwood  lumber  are  not  alone  in 
their  complaint  as  to  conditions  within  the  hardwood 
industry  as  they  exist  to-day,  as  the  producers  suffer 
likewise.  The  cardinal  purposes  of  the  Institute  are 
to  secure  adequate  standardization  for  grading  of  hard- 
wood lumber,  guaranteeing  the  quality  of  shipments 
and  meeting  the  consumer's  requirements  as  fully  as 
possible;  to  obstruct  misrepresentation  in  grading, 
grade  substitutions  and  the  many  forms  of  trade  prac- 
tice that  at  the  present  time  reflect  seriously  on  the 
industry. 

The  present  methods  of  grading  hardwood  are  in- 
adequate. The  top  grade  of  "Firsts"  and  "Seconds"  is 
determined  by  specifying  a  permissible  number  of  de- 
fects in  the  boards;  for  example,  in  a  board  15  in.  wide 
and  16  ft.  long,  five  standard  defects  such  as  1%-in. 
knots,  etc.,  are  allowed,  without  regard  to  the  location 
or  relation  of  those  defects.  Obviously  the  factory 
man  is  interested  in  what  he  can  get  out  of  the  boards 
in  the  cut-up  sizes  he  wants  and  in  the  quality  he  gets, 
not  merely  in  the  number  of  defects  in  the  board. 

The  project  under  study  is  based  on  general  factory 
cut-up  sizes  in  which  requirements  as  to  quality  be- 
come the  units  of  consideration  instead  of  the  entire 
board  being  the  grading  unit  as  at  present. 

The  present  methods  of  grading  were  established 
over  a  quarter  of  a  century  ago,  long  before  the  general 
use  of  the  automobile  and  the  products  of  many  other 
large  and  specialized  consumers  of  hardwood  lumber. 
The  present  rules  have  not  been  changed  in  hardly  any 
particular  since  then  and  are  obsolete  and  inadequate  in 
view  of  the  tremendous  developments  in  the  hardwood 
•consuming  industries. 

A  thorough  study  is  necessary  of  the  hardwod  re- 
quirements of  the  major  consuming  industries,  includ- 


ing furniture,  automobiles  and  trucks,  agricultural  im- 
plements and  many  others,  so  that  whatever  new  stand- 
ards are  developed  will  serve  all  of  those  industries  to 
the  best  advantage. 

Lumber,  unlike  many  other  raw  materials,  is  in  a 
sense  already  manufactured  by  nature.  The  problem 
is  to  establish  methods  of  grading  and  distributing  so 
that  each  industry  can  get  that  part  of  the  tree  which 
it  can  use  to  the  best  advantage. 

This  will  eliminate  unnecessary  waste  and  provide  a 
substantial  saving  to  both  consumer  and  producer  ag- 
gregating many  millions  of  dollars  per  year  and  the 
conservation  of  millions  of  feet  of  standing  timber. 

The  program  also  anticipates  the  building  up  of  a 
satisfactory  market  for  the  lower  grades  of  hardwood 
lumber,  which,  with  prices  based  on  supply  and  de- 
mand, will  place  the  low  grades  in  the  scale  with  top 
grades  and  arrest  the  widening  spread  between  top  and 
intermediate  or  low  grades  of  hardwoods.  It  is  be- 
lieved that  therein  lies  the  only  answer  to  the  com- 
plaint against  high  and  increasing  prices  for  top  grades 
of  hardwoods  of  which  there  is  an  actual  scarcity  in 
comparison  with  the  lower  grades. 

The  general  organization  of  the  lumber  standardiza- 
tion movement  is  centralized  in  the  Central  Committee 
on  Lumber  Standards,  the  organization  of  which  was 
completed  last  October.  This  committee,  having  head- 
quarters in  the  City  of  Washington,  is  an  executive 
body  representing  the  several  branches  of  the  lumber 
industry  in  its  entirety.  Ultimately  the  standards 
which  the  participating  producer  organizations  develop 
in  cooperation  with  the  consuming  industries  will  be 
grouped  into  a  comprehensive  American  Lumber  Stand- 
ard. 

Following  Mr.  Murray's  address,  discussion  indicated  that 
the  body-building  branch  of  the  automotive  industry  is  more 
interested  in  this  project  than  any  other  one  branch,  although 
the  motorboat,  airplane,  tractor  and  some  more  specialized 
branches  of  the  industry  are  probably  interested  to  a  lesser 
extent.  It  was  not  felt  by  the  members  that  the  Society  as 
such  should  endeavor  to  gather  data  and  attempt  to  formulate 
standards  covering  the  production  of  hardwood  lumber  but 
that  the  better  method  would  be  to  organize  a  Subdivision 
to  serve  as  a  point  of  contact  between  the  automotive  indus- 
tries and  the  Hardwood  Manufacturers'  Institute  and  to  assist 
the  Institute  in  an  advisory  capacity,  providing  a  channel 
through  which  the  Hardwood  Manufacturers'  Institute  can 
obtain  data  if  so  desired.  Mr.  Murray  stated  that  the  view 
of  the  situation  taken  by  the  members  of  the  Division  was 
the  same  as  that  of  the  Institute  and  that  such  an  organiza- 
tion representing  the  automotive  industries  would  greatly 
assist  in  the  successful  completion  of  the  program  inasmuch 
as  the  automotive  industry  has  grown  to  be  one  of  the  largest 
hardwood  consumers. 

George  E.  Goddard,  chairman  of  the  Passenger-Car  Body 
Division,  has  appointed  the  following  Subdivision  to  serve  in 
this  capacity. 

George  J.  Mercer,  chairman,  Detroit 

C.  W.  Avery,  Ford  Motor  Co. 

R.  A.  LaBarre,  Towson  Body  Co. 

F.  F.  Murray,  Hardwood  Manufacturers'  Institute 

Carl  Simmons,  Fisher  Body  Corporation 

Inasmuch  as  this  project  will  probably  constitute  a  very 
important  step  toward  the  conservation  of  the  available  hard- 
wood lumber  resources  of  America  and  consequently  tend 
toward  a  reduction  in  the  cost  of  hardwood  lumber,  it  is  urged 
that  all  members  of  the  Society  representing  hardwood  con- 
suming companies  cooperate  as  fully  as  possible  with  the 
Society  or  the  Hardwood  Manufacturers'  Institute  when  they 
are  asked  to  furnish  data  and  information  regarding  their 
hardwood  lumber  requirements. 
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REALIZING  that  great  quantities  of  fuel  are  being  wasted 
yearly  by  improper  carburetion,  the  results  of  several 
investigations  are  assembled  and  considered  from  various 
viewpoints.  Some  pertinent  data  have  been  published  pre- 
viously; therefore,  only  a  general  discussion  of  gasoline  car- 
buretion requirements  is  presented  in  this  paper.  The  scope 
of  the  paper  is  too  broad  to  include  a  detailed  discussion  of 
any  one  subject.  However,  the  data  have  been  compiled  to 
allow  the  graphs  to  explain  many  points  that  could  not 
otherwise  be  touched. 

The  kerosene  research  is  particularly  valuable,  not  so  much 
in  outlining  the  requirements  for  burning  kerosene  as  an 
automotive  fuel  exclusively,  but  for  the  carburetion  require- 
ments necessary  in  using  our  future  petroleum  fuels  satis- 
factorily. Supposing  that  the  future  fuel  will  embody  hydro- 
carbons boiling  up  to  550  deg.  fahr.  as  a  limit  and  containing 
sufficient  volatile  fractions  to  allow  engine  starting  even  in 
cold  weather,  the  authors  feel  that  kerosene  will  lie  within 
the  limits  of  efficient  carburetion. 

In  addition  to  the  ideal  requirements,  data  are  shown  to 
prove  the  reasons  for  the  present  wastage  of  fuel.  This  is 
illustrated  by  the  metering  characteristics  and  allied  data 
obtained  from  a  few  commercial  carbureters,  the  data  being 
used  merely  as  a  comparison  with  the  ideal  requirements. 
The  change  of  temperature  of  fuel  and  air  causes  a  change  in 
the  metering  characteristics  and  the  metering  is  not  as  de- 
sired. In  addition,  there  are  the  temperature  requirements 
of  fuels  that  must  be  recognized,  thus  making  the  problem  of 
carburetion  truly  complex. 

IN  the  last  few  years  our  attention  has  been  forced  to 
center  on  the  fuel  problem  more  than  on  any  other. 
The  various  aspects  of  this  problem  with  respect  to 
cor.cinued  supply  have  been  discussed  thoroughly  and  are 
common  knowledge  to  every  automotive  engineer.  There- 
fore, the  object  of  this  paper  is  to  avoid  any  discussion 
of  the  unmined  supply  of  petroleum  or  how  long  it  will 
last  under  the  present  rates  of  consumption,  but  rather 
to  present  data  showing  how  well  we  can  burn  our  pres- 
ent fuels  and  to  estimate  as  correctly  as  possible  some 
utilization  requirements  of  our  future  fuels. 

Formerly,  satisfactory  performance  of  our  cars  was 
easily  obtained  by  the  use  of  volatile  fuels  and,  as  the 
cost  of  the  fuel  was  low,  economy  was  of  minor  import- 
ance. With  the  advent  of  more  than  10,500,000  cars  and 
trucks  in  the  United  States,  not  including  motorcycles 
and  tractors,  the  situation  is  changed  entirely.  With  the 
changing  of  the  situation,  other  phases  of  the  problem 
are  introduced.  Power  is  no  longer  paramount,  being 
gradually  forced  to  share  its  position  with  economy.  The 
element  of  economy  is  now  growing  to  be  considered  as 
essential  as  power.  The  price  of  gasoline  is  advancing 
steadily,  yet  we  do  not  feel  this  to  be  the  only  reason  for 
considering  economical  operation.  Where  power  alone  is 
concerned,  too  much  trouble  is  experienced  from  carbon 


1  Jun.  S.A.E. — Research  associate.  Purdue  University  Engineering 
Experiment  Station.  West  Lafayette.   Ind. 

2  M. S.A.E. — Head  of  the  school  of  mechanical  engineering,  Purdue 
University:  director  of  mechanical  engineerine:  research."  Purdue 
University  Engineering  Experiment  Station.  West  Lafayette,  Ind. 

•See  The  Journal,  November,  1919,  p.  364. 


deposits,  oil  dilution  and  the  cost  of  service  and  replace- 
ments due  to  the  rich  mixtures  used.  The  United  States 
has  indeed  been  fortunate  in  securing  refined  fuels  so 
easily  and  cheaply.  However,  a  few  years  hence,  when 
price  will  perhaps  be  the  main  consideration  of  the  gen- 
eral public,  fuel  economy  will  be  paramount. 

The  use  of  higher  compressions  in  the  throttling  en- 
gines will  improve  economy  wonderfully  but,  in  spite  of 
this  fact,  the  loss  due  to  improper  mixture  preparation 
for  combustion  must  be  eliminated  to  allow  the  best 
utilization.  When  estimated  from  the  results  of  various 
tests,  the  loss  of  fuel  in  1921  alone  shows  that  25  per  cent 
of  the  gasoline  consumed  is  absolutely  wasted  on  account 
of  improper  carburetion  and  consequently  poor  combus- 
tion. The  consequent  $350,000,000  per  year  wasted 
would  aid  materially  in  meeting  the  following  year's  fuel 
bill,  if  conserved.  Even  this  large  sum  does  not  indicate 
the  total  loss  caused  by  improper  fuel  utilization  in  the 
United  States.  To  the  above  value  must  be  added  the 
greater  cost  of  service  and  replacements  and  an  increased 
depreciation;  thus,  the  total  wastage  will  at  least  triple 
the  above-mentioned  amount.  Certainly  these  estimates 
are  sufficiently  important  for  our  consideration. 

We  must  admit  that  the  saturation  point  of  the  auto- 
motive industry  is  by  no  means  attained.  Viewing  this 
fact  in  connection  with  our  fuel  resources,  the  only  solu- 
tion that  seems  practicable  where  the  cost  of  the  fuel  is 
included  is  to  refine  a  fuel  embodying  light  fractions  for 
starting  and  including  the  various  hydrocarbons  nearly 
up  to  the  end-point  of  kerosene.  We  may  not  be  justified 
in  choosing  a  fuel  of  this  type  as  the  inevitable  one  but, 
when  economy  is  considered  in  connection  with  the  fuel 
costs,  we  feel  the  automotive  industry  will  ultimately 
arrive  at  this  conclusion. 

With  the  increasing  tendency  toward  heavier  fuels, 
the  automotive  industry  will  be  interested  in  the  evalu- 
ation of  some  of  the  carburetion  requirements.  The 
Purdue  Engineering  Experiment  Station  has  therefore 
made  some  researches  on  the  subject  of  gasoline  and 
kerosene  carburetion.  Some  of  the  data  have  been  pre- 
sented before  the  Society  by  O.  C.  Berry,  in  his  paper 
on  Mixture  Requirements  of  Automobile  Engines,3  and 
others  have  been  published  from  time  to  time.  In  the 
present  paper,  additional  results  on  gasoline  are  given 
and  data  on  kerosene  carburetion  are  included. 

In  making  a  study  of  carburetion  we  are  interested  in 
the  ideal  as  well  as  the  practical  requirements.  This 
investigation  made,  there  will  be  some  definite  basis  on 
which  to  design  apparatus  for  the  best  performance  with 
respect  to  the  fuel  in  use.  From  another  viewpoint,  what 
metering  characteristics  are  the  various  carbureters  de- 
livering to  the  engine?  The  results  will  show  just  how 
well  our  present-day  devices  are  meeting  engine  require- 
ments. 

Up  to  the  present,  the  researches  have  been  confined 
to  work  on  multi-cylinder  engines  of  various  types.  The 
question   of  distribution   in  multi-cylinder  engines   is  a 
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Fig.   1 — I'vnamometer  Testing  Plant 


complex  problem  but,  when  foggy  or  dry  mixtures  are 
induced  through  the  average  manifolds,  a  long  stride  is 
taken  toward  the  solution.  Since  the  industry  is  de- 
pendent on  the  multi  rather  than  the  single-cylinder  en- 
gine, the  results  of  this  investigation  are  of  immediate 
practical  value. 

The  fuels  used  in  the  tests  are  the  ordinary  gasoline 
and  kerosene  sold  at  the  service-stations  for  commercial 
use.  The  gasoline  data  cover  the  fuels  used  for  the  last 
4  years,  and  Table  1  presents  the  distillation  of  the  first 
fuel  as  well  as  the  fuel  in  use  now.  The  unsaturation 
content  as  determined  by  absorption   in  sulphuric   acid 


'See  Automotivt    Industries,  Fell,   24,  1921,  p.  456. 


Pig.    2 — Fcel- Weighing 


and    Electrical-Control    Meci 
the  Plant 
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is  approximately  12  per  cent  for  gasoline  and  7  per  cent 
for  kerosene. 

The  plant  on  which  the  tests  were  made  has  been  de- 
scribed in  several  publications,  and  its  details  will  not  be 
discussed  at  this  time.  Figs.  1,  2  and  3  show  the  entire 
dynamometer  plant,  including  the  fuel-weighing  and 
electrical-control  devices.  All  conditions  were  held  as 
constant  as  possible,  accuracy  being  one  of  the  main  fea- 

TABLE    1 — DISTILLATION    OF   FUELS   USED 


Specific  Gravity,  deg.  Baume 
Initial  Boiling-Point,  deg.  fahr. 
10  Per  Cent  Distilled,  deg.  fahr. 
20  Per  Cent  Distilled,  deg.  fahr. 
30  Per  Cent  Distilled,  deg.  fahr. 
40  Per  Cent  Distilled,  deg.  fahr. 
50  Per  Cent  Distilled,  deg.  fahr. 
60  Per  Cent  Distilled,  deg.  fahr. 
70  Per  Cent  Distilled,  deg.  fahr. 
80  Per  Cent  Distilled,  deg.  fahr. 
90  Per  Cent  Distilled,  deg.  fahr. 
Maximum  Per  Cent  Distilled, 
deg.  fahr. 


tures  of  testing.  The  data  on  the  cooling  loss  probably 
contain  the  maximum  error,  as  the  heat  capacity  of  the 
engine  caused  some  lag. 

The  tendency  to  supply  less  volatile  fuels  for  the  auto- 
motive industry  has  given  rise  to  the  question  of  the 
economy  of  such  action.  Can  we  obtain  more  car-miles 
per  unit  of  crude  petroleum  by  the  use  of  a  heavier  fuel ; 
and,  if  so,  will  the  performance  be  satisfactory  to  the 
public?  Ricardo  states,  in  his  Means  of  Materially  In- 
creasing Thermal  Efficiency,*  that  he  has  made  tests  of 
about  40  fuels,  and  that  the  power  and  efficiency  char- 
acteristics with  respect  to  mixture  strength  are  the  same 
for  all  except  alcohol.  However,  for  satisfactory  per- 
formance in  an  engine,  the  power  and  efficiency  char- 
acteristics depend  on  the  volatility  of  the  fuel  and  hence 
the  temperatures  required  for  their  utilization.  Viewing 
the  situation  from  this  angle,  the  two  fuels  represented 
in  Table  1  were  tested  in  the  same  engine  under  the 
same  throttle-opening  and  at  the  same  speed.     The  pre- 
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heated-air  method  was  employed  instead  of  the  hot-spot 
in  determining  the  proper  temperature  for  carburetion. 
This  method  is  superior  for  experimental  research,  be- 
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Fig.   4 — Power  and  Brake  Thermal  Efficiency   Characteristics 
of  Gasoline  and  Kerosene  at  a  Constant  Throttle-Opening 

■cause  of  the  more  uniform  vaporization  and  distribution 
and  for  the  reason  that  the  temperature  can  be  con- 
trolled more  readily.  We  wish  to  state,  however,  that 
the  hot-spot  is  superior  for  practical  usage  in  a  correctly 
designed  system  of  manifolding. 

Comparison  of  Gasoline  and  Kerosene 

The  temperatures  chosen  for  good  performance  are  the 
minima  required  and  allow  some  oil-dilution.  The 
power  and  the  efficiency  of  the  two  fuels  are  considered 
at  this  time;  the  temperature  requirements  will  be  dis- 
cussed later  in  the  paper.    Fig.  4  presents  the  power  and 
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Comparison  of  the  Cooling  Losses  for  Gasoline  and 
Kerosene  at  Half  Load 


brake  thermal-efficiency  curves  with  respect  to  mixture 
strength.  These  data  were  taken  from  a  four-cylinder 
Midwest  engine  of  4Vs-in.  bore  and  SVl-m.  stroke.  The 
gasoline-250  deg  fahr.  curves  compare  the  two  fuels  at 
the  same  temperature;  the  mixtures  for  gasoline,  how- 
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-Exhaust-Gas  Temperatures  at  Half  Load  for  Gasoline 
and  Kerosene 
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7 — Effect  of  the  Inlet-Air  Temperature  ox  the  Power  and 
the  Efficiency   when   Using  Gasoline 


ever,  were  nearly  dry  and  those  for  kerosene  fairly  wet 
on  entering  the  cylinder.  Under  the  temperature  re- 
quirements for  good  operation,  the  power  developed  by 
the  lighter  fuel  is  the  greater  by  about  7  per  cent  under 
a  maximum-power  mixture-ratio.  The  thermal-efficiency 
curves  show  the  opposite,  0.7  per  cent  greater  for  the 
kerosene  fuel,  and  constant  for  all  ratios  richer  than  that 
of  high  power.  It  is  interesting  to  note  that  the  effi- 
ciencies coincide  at  the  theoretically  perfect  mixture.  At 
the  same  inlet-temperature  conditions,  the  power  is 
identical  for  the  two  fuels,  but  the  efficiency  for  the 
gasoline  drops  consistently  about  2  per  cent  throughout 
the  mixture  range  for  regular  operation. 

The  comparison  of  the  cooling  loss  made  in  Fig.  5 
under  the  same  conditions  as  for  Fig.  4,  shows  very  little 
difference  for  the  two  gasoline  tests,  but  the  kerosene 
series  are  2.5  per  cent  higher.  Fig.  6  gives  the  curves 
of  the  exhaust  temperatures  for  the  two  fuels.     In  this 


5  See  Automotive  Industries,  Sept.  29.  1921,  p.  610. 

6  See  The  Journal,  March,  1922,  p.  171. 
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instance,  the  average  gas  temperature  is  higher  for  gaso- 
line than  for  kerosene.  The  temperatures  were  taken 
by  thermocouples  projecting  into  the  exhaust-manifold 
at  cylinder  No.  1,  between  Nos.  2  and  3,  and  some  dis- 
tance beyond  No.  4,  through  which  region  all  the  gases 
passed. 

The  results  from  these  tests  indicate  that  the  heavier- 
fuel  does  not  develop  as  much  power  as  the  lighter,  due 
to  the  increased  temperature  necessary  for  continued 
performance.  The  thermal  efficiency,  even  under  the 
higher  temperatures,  is  as  high  or  higher  for  the  heavier- 
fuel.  From  an  economic  standpoint  of  a  continued  sup- 
ply and  the  price  of  the  fuel,  the  heavier  fuel  is  the- 
better.  It  remains  for  the  automotive  engineer  to  de- 
velop carburetion  systems  to  prepare  the  fuel  properly 
for  use  in  the  engine. 

Gasoline  Carburetion 

Since  the  results  of  some  of  the  gasoline  data  com- 
piled by  the  Purdue  Engineering  Experiment  Station 
have  been  published  previously,  the  main  points  only 
will  be  discussed  and  augmented  by  data  in  graphical 
form. 

In  the  carburetion  of  any  fuel,  the  four  main  factors 
linked  to  the  metering  characteristics  are  (a)  the  effect 
of  the  mixture  temperature,  (6)  the  effect  of  the  speed, 
(c)  the  effect  of  the  load,  and  ( rf)  the  effect  of  the  com- 
pression. In  all  cases  each  fuel  will  require  some  definite 
temperature  of  air  that  will  supply  enough  heat  to  allow 
good  distribution  and  show  high  economy. 

Fig.  7  presents  data,  showing  the  effect  of  inlet-air- 
temperature  on  thermal  efficiency  and  power,  taken  from 
an  article  entitled  The  Effect  of  Mixture-Ratio  and  Tem- 
perature on  Power  and  Economy,  by  C.  S.  Kegerreis.  A 
critical  point  is  located  at  85  deg.  fahr. ;  and  below  it  the- 
power  output  drops  rapidly.  Higher  temperatures  cause 
a  power  decrease  due  to  a  change  of  the  volumetric  effi- 
ciency, but  the  thermal  efficiency  is  not  affected  greatly 
until  the  dry-point  is  nearly  reached.  Even  though  85 
deg.  fahr.  produces  the  highest  power,  the  performance 
is  not  entirely  good  until  150  deg.  fahr.  is  attained,  be- 
cause of  the  oil  dilution  and  the  uneven  speed-regulation, 
the  latter  being  a  function  of  the  manifold  distribution. 
Another  check  on  an  entirely  different  powerplant  also 
establishes  150  deg.  fahr.  as  the  minimum.  In  taking 
exhaust-gas  temperature-measurements  with  respect  to> 
the  inlet  air  at  a  given  power,  the  gas  temperature  be- 
comes nearly  the  minimum  at  150  deg.  fahr.  and  remains 
fairly  constant  up  to  the  dry-point  of  the  mixture,  as 
was  brought  out  in  the  paper"  presented  by  O.  C.  Berry 
and  C.  S.  Kegerreis  at  the  1922  Annual  Meeting  of  the 
Society.  This  shows  that  the  degree  of  heat  in  the  air 
must  be  sufficient  for  good  combustion,  as  below  this  crit- 
ical point  the  exhaust  temperature  rises  rapidly. 

Taking  a  different  viewpoint  for  the  preceding  tests, 
Fig.  8  presents  the  mixture  requirements  for  tempera- 
ture at  half  load."'  The  graphical  results  for  high  power 
and  for  high  efficiency  call  for  richer  ratios  at  air  tem- 
peratures of  less  than  125  deg.  fahr.;  thus,  at  150  deg. 
fahr.,  the  mixtures  are  as  lean  as  possible  for  power  and 
efficiency.  Summing  the  results  from  these  three  view- 
points and  from  different  engines,  an  inlet-air  tempera- 
ture of  150  deg.  fahr.  is  the  minimum  that  it  is  wise  to 
maintain. 

The  limits  of  regular  firing  or  inflammability  are  of" 
interest.  As  the  air  temperature  is  decreased  below  100 
deg.  fahr.,  the  limits  narrow  abruptly,5  as  shown  in  Fig. 
9.  The  leanest  mixture  for  regular  operation  with  wet 
fuel  is  about  150  deg.  fahr.     The  constancy  of  this  lean' 
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limit  under  good  performance  temperatures  signifies  that 
the  distribution  is  fairly  uniform. 

Additional  information  on  inflammability  is  given  in 
Fig.  10  for  two  temperatures  with  respect  to  the  load. 
In  fact,  the  150  and  300-deg.  fahr.  series  represent  the 
low  and  high  limits  that  include  good  operation;  that  is, 
the   lower  temperature   represents   the   wettest   mixture 


Fig.  9- 
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-The  Limits  of  Inflammability  at  Various  Inlet-Air 
Temperatures 


desirable  for  use,  and  the  higher,  the  approximate  point 
of  dry  mixtures.  The  dry  mixtures  allow  better  distri- 
bution by  being  more  homogeneous,  and  the  engine  is 
therefore  enabled  to  fire  the  poorer  mixture-ratios.  The 
effect  of  the  load  can  be  noted  readily  by  comparing  the 
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Fig.   10 — The  Effect  of  the  Load  on  the  Limits  of 
inflammabiliti" 

mixture-ratios  required  at  low  and  high  loads.  At  10- 
per  cent  brake-load,  a  ratio  of  0.072  is  necessary  at  the 
lower  temperature,  due  no  doubt,  to  a  less  concentrated 
charge  and  poorer  scavenging.  Data  from  another  en- 
gine are  shown  in  Fig.  11,  illustrating  the  effect  of  the 
speed  at  the  different  loads.  A  point  worthy  of  mention 
in  connection  with  regular  firing  is  the  rich  mixture  re- 
quired for  about  10  per  cent  brake-load  at  the  lean  limit. 
In  fact,  the  engine  developed  nearly  the  maximum  results 
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Fig.  11 — The  Effect  of  the  Speed  on  the  Mixtures  for  Regular 
Inflammability 

when  using  this  ratio,  regardless  of  occasional  misfiring. 
Manifolding  is  a  factor  in  this  case,  as  well  as  the  me- 
chanical condition  of  the  engine;  for  example,  valve-stem 
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Fig.  12 — The  Mixture-Ratios  Required  for  Maximum  Efficiency 

at  Various  Loads,  Expressed  in  Air-Flow  Rate 

wear,  gasket  tightness  and  the  like.  The  higher  loads, 
at  any  speed  tested,  show  nearly  the  same  ratios  for  all 
engines  studied. 

The  effect  of  the  load  and  the  speed  on  the  mixture 
requirements  for  gasoline  follow  certain  definite  relation- 
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Fig.  13 — The  Mixture-Ratios  Required  for  Gasoline  at  Various 
Loads  and  Speeds 


Vol.  XII 


January,  1923 


No.   1 


68 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


200       715        250       215       300 
Inlet-Arr  Temperature, deg.fahr 
Fig.   14 — the  Effect  of  the  Inlet-Air  Temperature  on  the 
Engine  Characteristics  When   Using  Kerosene 

ships,  as  shown  in  Figs.  12  and  13.  An  example  pointing 
out  the  requirements  of  efficiency  for  any  change  of  the 
load  is  found  in  Fig.  12,  where  the  flow  of  air  represents 
the*  load  at  a  constant  speed.  The  curve  representing  mix- 
ture-ratio versus  flow-rate  is  of  a  hyperbolic  form  and 
can  be  represented  by  the  general  equation 

M  =  C  +  K/F 
where 

C  =  an  equation  constant 

F  =  the  flow-rate  in  pounds  of  air  per  minute 

K  =  an  equation  constant 

M  =  the  mixture-ratio  in  pounds  of  fuel  per  pound  of 
dry  air 


For  the  test  series  at  150  deg.  fahr.,  the  equation  as- 
sumes the  form 

M  =  0.0545  +  0.0283/F 

and,  at  300  deg.  fahr.  or  for  the  dry  mixtures, 
M  =  0.0553  +  0.0210/F 

The  effects  of  the  load  and  the  speed  are  shown  in 
Fig.  13.  The  high  power-ratio  for  variation  of  the  load 
changes  slightly,  the  richer  mixture,  0.0815,  being  re- 
quired at  the  low  load.  As  the  load  is  increased,  the  ratio 
becomes  constant  at  approximately  25-per  cent  brake-load 
and  its  value  is  0.0775  lb.  of  gasoline  per  lb.  of  dry  air. 
Formerly,  it  was  thought  a  constant  ratio  sufficed;  but 
the  change  in  the  mixture-ratio,  due  to  the  variation  of 
mechanical  accuracy  in  engines  and  to  scavenging,  makes 
a  small  change  necessary. 


'  See  Automotive  Industries.  Feb.  24,  1921,  p.  460. 
8  See  The  Journal,  June,  1921,  p.  553. 
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I,,,;,  15 — the  Effect  of'  the  Inlet-Air  Temperature  on  the  Power 
and  the  Efficiency  in  Terms  of  the  Indicated  Results 


Fig.  16 — The  Effect  of  the  Cakburetion  Temperatures  on  the 
Engine  Cooling  Loss 

The  effect  of  the  speed  on  the  mixture-ratio  is  nil  under 
good  temperature  conditions  up  to  the  maximum  speed 
attained,  2000  r.p.m.  With  correct  carbureter  and  en- 
gine design,  the  higher  speeds  should  not  affect  the  con- 
stant ratios  required. 

The  remaining  factor,  compression,  with  its  influence 
on  mixture-ratio  requirements,  is  not  determined  so  con- 
clusively. Ricardo  states  that  for  all  fuels,  with  the  excep- 
tion of  alcohol,  the  mixture  strength  is  not  affected  by 
compression.'  Sparrow  relates,  "A  recent  series  of  tests 
at  the  Bureau  of  Standards  has  shown  that,  with  an  avia- 
tion engine  having  compression-ratios  of  5  to  3,  6  to  3, 
7  to  3  and  8  to  3,  the  maximum  power  was  obtained  with 
air-fuel  ratios  of  from  13  to  1  (0.0770)  to  14  to  1 
(0.0714)  with  air  densities  of  from  0.025  to  0.075  lb. 
per  cu.  ft.  This  was,  however,  with  aviation  gasoline,  a 
more  volatile  product  than  commercial  fuel.'"  Frag- 
ments of  data  from  other  sources  show  a  tendency  toward 
the  poorer  mixture-ratios  at  the  higher  compressions. 
It  is  reasonable  to  maintain  that  the  more  concentrated 
the  charge  is,  the  less  will  be  the  fuel  necessary  in  the 
mixture  for  the  maximum  power  development. 

Kerosene  Investigations 

In  dealing  with  kerosene  as  a  fuel,  the  same  factors 
must  be  evaluated  in  the  same  manner  as  with  gasoline. 
The  temperatures  for  satisfactory  operation  must  first  be 
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Fig.  17 — The  Register  of  the  Exhaust  Temperatures  for  Various 
Intake  Temperatures 

determined.  Since  the  volatility  of  kerosene  is  lower 
than  that  of  gasoline,  the  temperatures  required  for  good 
power  and  efficiency  development  will  be  relatively  higher. 
With  the  same  throttle-opening  Fig.  14  presents  the  ef- 
fect of  the  air  temperature  on  the  power  and  the  thermal 
efficiency.  Kerosene  at  one-half  load  will  develop  higher 
power  at  150  deg.  fahr.  than  at  any  higher  temperature, 
even  though  the  engine  operation  is  very  erratic  and  the 
oil  dilution  excessive.  The  thermal  efficiency  proves  the 
poor  operation  at  such  low  temperatures.  Maximum  brake 
thermal-efficiency  occurs  at  275  deg.  fahr.;  and  the  indi- 
cated thermal-efficiency  occurs  at  the  same  point  as  shown 
in  Fig.  15.  Considering  power  and  economy,  tempera- 
tures lower  than  250  deg.  fahr.  should  not  be  used  and, 


in  view  of  the  excessive  oil-dilution,  this  is  only  too  true. 

Some  details  of  the  cooling  loss  and  the  exhaust-gas 
temperatures  are  plotted  in  Figs.  16  and  17.  The  per- 
centage of  cooling  loss  with  respect  to  inlet-air  tempera- 
ture mounts  as  a  straight  line  up  to  250  deg.  fahr.;  at 
this  point  the  slope  of  the  curve  begins  to  break,  result- 
ing in  lower  heat-loss  per  unit  of  air-temperature  in- 
crease. The  inlet  and  outlet  jacket-water  was  main- 
tained at  a  constant  temperature  throughout  the  tests, 
the  outlet-water  temperature  being  150  deg.  fahr.  The 
register  of  the  average  exhaust-temperatures,  shown  in 
Fig.  17,  is  given  for  the  mixture-ratios  corresponding 
to  the  maximum  brake  thermal-efficiency  and  brake 
horsepower. 

The  limit  of  inflammability  is  another  point  worthy  of 
consideration  in  proving  more  completely  the  optimum 
temperature  for  engine  performance.  The  lean  limit  of 
regular  firing  breaks  into  a  straight  line  at  an  air  tem- 
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Fig.  18— Inflammability  of  Kerosene-Air  Mixtures  with  Respect 
to  the  Inlet  Temperature 


Inlet-Air  Temperature, deg.  fahr. 

Fig.  19 — The  Mixture-Ratios  Necessary  for  the  Maximum  Power 
and  Efficiency  Development  Using  41.5   Baume  Kerosene 

perature  of  250  deg.  fahr.,  as  shown  in  Fig.  18.  This 
being  the  case,  an  increase  in  the  dryness  of  the  mix- 
ture would  not  materially  aid  in  the  distribution.  Below 
this  critical  point,  the  mixture  limit  for  regular  opera- 
tion increases  rapidly  in  richness. 

The  point  in  question  is  shown  graphically  in  Fig.  18, 
illustrating  the  richness  of  mixture  necessary  to  main- 
tain high  power  and  high  efficiency.  Under  the  half- 
load  and  lower-temperature  condition,  there  evidently  is 
not  enough  heat  absorbed  from  the  air  and  within  the 
combustion-chamber  to  allow  a  sufficiently  rapid  vapor- 
ization for  quick  combustion.  A  small  change  in  the  heat- 
content  of  the  air  causes  a  large  change  in  the  complete- 
ness of  combustion.  The  cooling-loss  curves  in  Fig.  15 
present  very  nicely  the  low  loss  occurring  at  low  tem- 
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20 — The  Effect  of  the  Temperature  on  the  Relative  Inten- 
sity of  Detonation  from  a  Power  Standpoint 


peratures.  A  large  portion  of  the  fuel  is  not  burned 
in  the  cylinder  but  in  the  exhaust-manifold;  even  then 
it  is  not  burned  completely. 

Evidently,  as  shown  in  Fig.  19,  the  critical  temperature 
with  respect  to  the  mixture-ratio  is  again  250  deg.  fahr. 
This  is  the  point  at  which  the  fuel  does  not  require  a 
leaner  ratio  for  developing  the  maximum  power  and  also 
approximates  the  same  point  for  the  maximum  thermal- 
efficiency.  Hence,  from  the  values  of  the  thermal  effi- 
ciency, the  cooling  loss,  the  lean  limit  of  inflammability 
and  the  mixture-ratio  results,  the  critical  temperature 
for  good  performance  is  250  deg.  fahr.  With  this  heavy 
fuel,  the  temperature  for  satisfactory  operation  is  more 
definitely  located  than  for  the  gasoline  previously  men- 
tioned. For  practical  performance,  the  temperatures 
should  not  go  higher,  even  though  more  trouble  exists 
from  the  oil  dilution;  but,  if  a  method  is  employed 
whereby  the  oil  dilution  is  minimized,  then  lower  tem- 
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peratures  should  be  utilized.  This  intake-air  tempera- 
ture of  250  deg.  fahr.,  corresponding  to  a  mixture  tem- 
perature of  about  205  deg.  fahr.  on  the  wet  bulb,  no 
doubt  can  be  decreased  by  exceptionally  good  hot-spot 
design  if  the  hot-spot  allows  good  distribution. 

Detonation 

Detonation  is  a  factor  entering  into  these  tests  that  has 
not  been  mentioned.  Some  authorities  have  made  the 
statement  that  temperature  does  not  affect  the  intensity 
of  detonation  appreciably.  A  few  graphs  are  enlighten- 
ing as  to  the  extent  of  this  effect  with  respect  to  the 
temperature.  The  tests  reported  previously  were  run  at 
half-load  with  a  compression-ratio  at  open-throttle  of 
4.3  to  1.  Detonation  was  present  at  275  deg.  fahr.,  but 
not  of  an  intensity  to  affect  the  power,  as  shown  in  Fig. 
20,  or  the  thermal  efficiency,  as  is  brought  out  in  Fig.  21. 
An  increase  of  25  deg.  fahr.  gave  the  result  shown  on 
the  300-deg.  fahr.  curves.  There  is  a  loss  of  at  least 
1  b.  hp.,  as  well  as  a  slight  decrease  in  the  thermal  effi- 
ciency. The  effect  of  intense  detonation  is  noted  on  the 
350-deg.  fahr.  curves  by  a  loss  of  11.0  per  cent  in  power 
and  1.5  per  cent  in  thermal  efficiency;  and  the  mixture 
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22 — The  Limits  of  Audible  Detonation  as  Affected  bv  the 
Intake  Temperature 


strength  can  be  varied  widely  before  this  effect  is  en- 
tirely eliminated.  When  the  detonation  is  severe  enough 
to  be  audible,  the  mixture  range  with  respect  to  the 
inlet-air  temperature  shown  in  Fig.  22  is  interesting. 
The  lean  limit  is  the  more  regular,  but  is  only  an  approxi- 
mation because  the  listening  method  was  used.  At  150 
deg.  fahr.,  no  detonation  could  be  detected ;  but  it  was 
present  at  175  deg.  fahr.  At  225  deg.  fahr.,  detonation 
existed  at  about  as  lean  a  ratio  as  at  the  higher  tempera- 
tures; but  it  was  of  less  intensity. 

The  effect  of  temperature  and  detonation  on  the  cool- 
ing loss  and  the  exhaust-gas  temperatures,  illustrated  in 
Figs.  23  and  24,  shows  that  the  cooling  loss  is  increased 
and  the  exhaust  temperature  is  decreased  under  severe 
detonation.  Evidently,  the  combustion  is  more  complete 
before  the  exhaust  occurs,  yet  the  power  and  the  effi- 
ciency are  decreased  on  account  of  the  excessive  detona- 
tion pressures  which  result  in  an  increased  cooling  loss. 

Effect  of  the  Load 

Another  series  of  investigations  was  designed  to  show 
the  effect  of  the  load  on  the  mixture  requirements.  The 
tests  were  made  on  the  same  engine  and  at  the  same 
speed  as  in  the  previous  investigation,  using  the  lowest 
air-temperature   to   give   good   performance.     The  com- 
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pression  was  lowered  to  85  lb.  per  sq.  in.  absolute,  which 
reduced  the  intensity  of  the  detonation  at  the  higher 
loads.  At  full  loads,  the  detonation  remained  excessive 
and  diethyl  selenide  was  used  to  suppress  it.  A  register 
of  the  inlet-air  and  the  mixture  temperatures  is  found  in 
Fig.  25.  Since  the  mixture  was  not  entirely  dry,  wet- 
bulb  temperature-readings  are  given;  moreover,  the 
change  with  the  increased  load  shows  a  decrease  in  the 
mixture  temperature. 

Results  reported  in  terms  of  brake  horsepower  are  per- 
fectly correct  for  application  to  some  few  engines ;  but, 


Fig. 


0.08     0.09     0.10      an       0.11 
Kerosene  per  Lb.  of  Dry  Air, lb. 
23 — The  Effect  of  the  Inlet-Air  Temperature  on  the 
Cooling  Loss 


as  very  few  powerplants  consume  the  same  percentage 
of  indicated  horsepower  as  frictional  loss,  the  results 
must  be  reported  in  terms  of  indicated  horsepower  to  be 
universally  applicable.  In  these  investigations,  orifices 
were  used  for  throttling  and  the  friction  was  determined, 
under  as  near  the  operating  conditions  as  possible,  by 
the  use  of  the  dynamometer  as  a  motor.  The  friction  con- 
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sumed  or  the  change  of  the  pumping  loss  was  found  with 
respect  to  the  indicated  power  and  plotted  in  Fig.  26. 
The  values  of  the  manifold-depressions  are  included  to 
help  illustrate  the  increase  of  the  friction  at  the  lower 
loads.  This  engine  requires  56  per  cent  more  power  for 
internal  losses  at  idling  than  at  full-  load;  thus,  the  throt- 
tling increases  the  rate  of  fuel-consumption  at  the  low 
loads. 

From  the  foregoing  tests,  it  is  now  possible  to  delin- 
eate the  mixture  requirements  of  kerosene  with  respect 
to  the  load  and  in  terms  of  the  indicated  horsepower. 
Knowing  the  requirements  for  high  power  and  thermal 
efficiency  and  the  point  of  zero  brake-load,  the  trend  of 
the  mixture-ratios  necessary  is  shown  in  Fig.  27.  Abso- 
lute idling,  when  the  maximum  power  is  desired,  requires 
a  ratio  of  0.0975  lb.  of  kerosene  per  lb.  of  dry  air.  The 
poorest  ratio  required,  0.0800,  is  not  reached  until  about 
48  per  cent  of  the  indicated  load.     At  75-per  cent  load 
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and  above  it,  the  mixture  enriches  slightly,  but  this  is 
partly  due  to  the  slow  increase  of  the  power  with  respect 
to  the  increase  of  the  mixture  strength.  For  example, 
a  ratio  of  0.0800  develops  33.5  i.hp.  and  a  ratio  of  0.0960, 
33.9  i.  hp. ;  this  is  an  increase  of  1.2  per  cent  in  the 
power  through  a  range  of  19  per  cent  of  the  mixture 
strength.  The  high-power  point  is  taken  as  a  mean  at 
about   0.0850.     An    increase   of   the   temperature   would 
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Fig.  26 — An  Illustration  of  the  Effect  of  the  Change  of  Load 
on  the  Engine  Pumping  Loss 

cause,  no  doubt,  a  change  of  this  maximum-power  to 
0.0800.  The  theory  that  the  fuel  is  vaporized  in  the  com- 
bustion-chamber by  the  heat  of  compression  is  no  doubt 
true;  but,  when  depending  on  the  compression  tempera- 
tures, the  difficulty  is  that  these  temperatures  are  not 
of  sufficient  duration  to  allow  vaporization  and  a  thor- 
ough mixing  prior  to  combustion. 
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The  thermal  efficiency  requirements  are  similar,  start- 
ing with  a  ratio  of  0.0900  at  no  load  and  gradually  weak- 
ening up  to  wide-open  throttle.  The  mixture-ratios  nec- 
essary for  the  higher  loads  correspond  closely  to  those 
necessary  for  gasoline  at  the  minimum  temperature  for 
good  operation.  The  lower  loads  require  somewhat  richer 
ratios  for  the  heavy  fuel;  that  is,  at  no  load,  a  9.1-per 
cent  increase  over  gasoline  is  necessary. 

The  change  of  load  also  affeets  the  limits  of  inflam- 
mability, the  tendency  being  to  widen  the  limits  as  the 
compression  pressure  or  the  load  is  increased.  Distri- 
bution and  mixing  at  the  rich  ratios  cause  an  irregular 
line,  as  shown  in  Fig.  28,  but  the  lean  limit,  which  is 
the  more  valuable  in  all  cases,  is  fairly  uniform.  In  no 
instance  does  the  missing  or  back-firing  occur  with  mix- 
tures as  rich  as  those  required  for  high  efficiency  or  high 
power. 

Fuel-Air  Mixture  Requrements  for  Engines 

Some  authorities  prefer  to  analyze  the  mixture  re- 
quirements for  engines  with  respect  to  the  development 
of  a  given  power.  Under  throttled  conditions,  the  thermal 
efficiency  will  increase  with  a  leaning  of  the   mixture- 
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Fig.    29 — A  Comparison   of  the   Mixture   Requirements   for 
Gasoline  and  Kerosene  with  Respect  to  the  Loads 


ratio  and  will  continue  to  do  so  until  the  air-cycle  effi- 
ciency is  approached  as  a  limit.  It  happens  that  the  limit 
of  inflammability  for  most  engines  is  0.0600  or  slightly 
leaner.  In  other  words,  to  develop  a  given  power  as  the 
mixture-strength  is  weakened  beyond  the  high-power 
point,  the  larger  throttle-opening  necessary  causes  a 
higher  compression  and,  hence,  a  higher  thermal-effi- 
ciency. Thus,  from  the  standpoint  of  the  engine,  where 
the  load  is  the  prime  requisite,  the  analysis  under  dis- 
cussion cannot  be  used.  Then,  too,  at  wide-open  throttle 
the  analysis  must  revert  from  a  given  power  to  a  con- 
stant compression  with  respect  to  the  mixture-strength. 
.  It  has  been  shown  for  the  two  fuels,  in  Figs.  13  and 
27,  that  it  is  an  impossibility  to  develop  the  maximum 
power,  the  maximum  thermal-efficiency  and  good  per- 
formance with  the  same  mixture-strength.  This  being 
the  case,  a  mixture-strength  must  be  determined  that  will 
deliver  good  engine  performance  and  a  compromise  be- 
tween power  and  efficiency ;  and  this  is  especially  true  at 
points  above  48  per  cent  of  the  indicated  horsepower. 
Kerosene,  with  proper  preparation,  will  operate  with 
mixture-ratios  as  illustrated  in  Fig.  29.  Below  48  per 
cent  of  the  indicated  load,  the  ratios  required  grow  some- 
what rich.  At  18.3  per  cent  of  the  indicated  or  zero 
brake-load,  the  mixture  is  0.0925  lb.  of  fuel  per  lb.  of 
dry  air  or  slightly  richer  than  the  maximum  thermal- 
efficiency  ratio.     The  ratio  for  56.5-deg.  Baume  gasoline 
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Fia.    30 — Mixture   Requirements   for   Power  and   Efficiency   at 
Various  Speeds  and  Loads  with  56.5  Baume  Gasoline 

at  zero  brake-load  is  0.0825,  and  it  decreases  to  0.0700  lb. 
of  fuel  per  lb.  of  dry  air  at  42  per  cent  of  the  indicated 
load.  Both  fuels  will  develop  nearly  the  maximum  effi- 
ciency until  a  mixture-strengeh  of  0.0700  is  reached.  As 
the  load  is  increased,  it  will  be  noted  that  95  per  cent  of 
the  power  limits  the  mixture  to  0.0700  for  the  two  fuels; 
and  this  is  the  power  sacrifice  necessary  to  secure  a 
higher  efficiency  and  yet  not  impair  the  engine  operation. 
Knowing  the  effect  of  the  speed  and  the  load  on  the  en- 
gine mixture  requirements  and  operating  under  satisfac- 
tory temperature  conditions,  a  graph  can  be  drawn  with 
respect  to  flow-rate  that  is  of  special  interest  to  carbure- 
tion  engineers.  In  Fig.  30,  the  mixture-ratios  for  gasoline 
are  plotted  against  flow-rate,  which  can  be  expressed  in 
either  weight  or  volume  per  unit  of  time.  The  limits  for 
maximum  efficiency  at  a  low  speed  are  shown  by  the  curve 
a  b  c  in  Fig.  30,  and  at  some  higher  speed  by  the  curve  e  d. 
The  limit  for  power  at  the  low  speed  is  the  curve  x  f  z, 
and  at  the  higher  the  curve  e  y.  From  the  data  in  Fig. 
29,  the  good-performance  mixture  follows  ver5'  closely  the 
maximum-efficiency  ratios  until  about  42  per  cent  of  the 
indicated  load  is  reached ;  it  then  maintains  a  constant 
mixture;  hence  we  have  the  ratios  a  b  m.  Similarly, 
for  a  higher  speed,  the  curve  e  g  represents  the  meter- 
ing characteristics.  Separating  the  metering  character- 
istics from  the  power  and  efficiency  graph,  Fig.  31  pre- 
sents the  ratios  that  a  carbureter  must  deliver  to  allow 
the  best  engine  performance.    The  only  manner  in  which 
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Fig.  31 — The  Engine  Mixture   Requirements  for  Good  Perform- 
ance   Using   56.5    Baume   Gasoline  as   Fuel 

the  characteristics  are  changed  is  by  causing  the  mixture 
to  return  to  the  maximum  power-value,  a  5-per  cent  power 
change,  at  open-throttle  positions,  as  this  is  the  main 
interest  at  this  condition.  The  curve  a  at  a.,  illustrates 
the  requirements  at  low  speed;  any  one  of  the  other 
curves,  such  as  d  d,  d,,  shows  the  requirements  at  the 
higher  speeds. 

The  metering  characteristics  for  kerosene  are  derived 
similarly  to  those  for  gasoline,  but  call  for  a  larger  varia- 
tion of  the  ratio  with  respect  to  the  load,  as  shown  in 
Fig.  32.  Absolute  no-load,  or  zero  brake-load,  requires 
0.0975  lb.  of  fuel  per  lb.  of  dry  air;  this  decreases  to 
0.0700  at  48-per  cent  indicated  load  and  just  before  the 
open-throttle  and  more  fuel  is  demanded  until  a  mixture 
of  0.0850  is  reached  at  the  open  position.  The  meter- 
ing characteristics  outlined  for  kerosene  represent  the 
results  from  only  one  engine.  The  gasoline  data  are  more 
complete,  as  several  engines  of  different  types  have  proved 
the  same  thing.  Even  though  the  data  from  kerosene  are 
meager  with  respect  to  other  engines,  the  results  will 
blaze  the  way  and  provide  the  limit  to  which  the  meter- 
ing characteristics  for  engine  operation  will  tend  to  go 
with  fuels  of  decreased  volatility. 

Carbureter  Requirements 

When  economy  is  the  chief  interest  in  operating  throt- 
tling internal-combustion  engines,  the  ideal  toward  which 
we  must  strive  in  practice  is  somewhat  different  from 
that  previously  explained.     The  requirements  mentioned 
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Fig.   32 — The  Engine  Mixture  Requirements  for  Good  Perform- 
ance Using   41.5   Baume   Kerosene  as   Fuel 

were  from  the  standpoint  of  the  engine,  and  they  do  sat- 
isfy its  power  and  efficiency  requirements.  When  the  en- 
gine is  placed  in  a  car  and  the  car  requirements  for  sat- 
isfactory performance  with  maximum  economy  are 
outlined,  the  carbureter  is  changed  of  necessity.  The  first 
requisite  is  easy  starting;  the  second,  good  idling;  the 
third,  instantaneous  acceleration;  and  the  fourth,  eco- 
nomical constant-speed  and  load  operation. 

Proper  temperatures  must  be  maintained  at  all  costs, 
as  distribution  and  combustion  are  affected  greatly  by 
the  temperature.  Proper  atomization  is  not  of  necessity 
a  requirement;  but  it  is  essential  in  using  present 
methods  of  carburetion  and  assists  greatly  in  starting. 
The  idling  must  be  at  mixture-ratios  developing  high 
power  and  comparable  to  the  engine  requirements.  All 
points  of  constant-speed  or  load  operation  above  idling 
and  under  throttled  conditions  must  use  a  mixture-ratio 
that  is  just  rich  enough  for  regular  inflammability.  As 
the  ratio  is  weakened,  the  efficiency  increases  with  the 
air  cycle  as  a  limit;  so,  the  limits  of  inflammability  are 
those  of  practical  operation.  For  constant  speed,  the 
throttle  position  does  not  matter  and  the  analysis  with 
respect  to  a  given  power  applies.  The  difficulty  arises 
when  a  change  of  the  speed  and  the  load  is  necessary  and, 
unless  the  ratios  are  returned  to  the  high-power  strength, 
poor  operation  will  result.  The  requirement  for  accelera- 
tion is  then  to  change  the  mixture-strength  to  0.0775 
for  gasoline,  or  0.0850  lb.  of  fuel  per  lb.  of  dry  air  for 
kerosene   instantaneously   and  temporarily;   then   to   re- 


Fig.   33 — The  Plant  for  Testing  Complete  or  Component  Parts   of  Carbureters 
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Fig.  34 — The  Metering  Characteristics  of  a  Plain-Tube 
Carbureter 

turn  to  the  original  lean-ratio  at  constant  conditions. 
When  open-throttle  is  attained,  maximum  power  is  the 
main  consideration;  this  again  requires  that  the  mix- 
ture ratio  be  enriched  to  0.0775  for  gasoline  and  0.0850 
for  kerosene  and  permanently  held  there  for  the  maxi- 
mum load.  It  will  be  noted  from  this  discussion  that 
the   car    requirements    for    constant    speed    differ    from 


nize  more  than  air-flow.  The  carbureter,  the  metering 
of  which  is  shown  in  Fig.  34,  has  the  flow-rate  divided 
into  four  different  speeds  to  present  the  change-of-load 
data.  The  metering  in  this  case  is  not  affected  materially 
by  the  engine  load,  but  almost  entirely  by  the  air-flow, 
as  the  four  curves  nearly  coincide  at  idling.  At  wide- 
open  throttle,  the  mixture-strength  is  not  increased  to 
the  high-power  point.  This  metering,  while  allowing 
operation,  does  not  conform  to  economical  and  satisfac- 
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Fig.    35 — The    Metering    Characteristics    of    a    Commercial 
i'arbureter 

those  of  the  engine  only  in  that  the  mixtures  are  leaner 
between  idling  and  full  throttle. 

Commercial  Metering  Characteristics 
How  nearly  the  metering  characteristics  of  various 
commercial  carbureters  fulfill  the  ideal,  can  be  noted  from 
the  curves  that  present  the  results  of  investigations  made 
with  the  new  carbureter-testing  plant,  at  the  Purdue  Uni- 
versity Engineering  Experiment  Station,  Fig.  33,  which 
is  similar  in  some  respects  to  that  at  the  Bureau  of 
Standards. 

Two  methods  were  employed  in  these  tests.  Instead 
of  making  the  usual  mixture-ratio  versus  flow-rate  curve 
from  idling  to  the  maximum  capacity,  the  flow-rate  was 
broken  into  at  least  four  sections  representing  the  same 
number  of  engine  speeds;  then,  the  carbureter  throttle 
was  operated  only  for  the  change  of  the  load.  In  this 
manner  many  irregularities  of  metering  can  be  shown 
that  the  conventional  method  or  level-road  operation  will 
not  discovered.  Since  the  ideal  carbureter  requirements 
are  known,  this  method  compels  the  carbureter  to  recog- 
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tory  car-performance.  In  the  case  of  the  carbureter  pre- 
sented in  Fig.  35,  the  metering  is  entirely  different  from 
the  ideal.  At  the  two  medium  speeds  the  idling  is  good; 
but  it  is  poor  at  the  low  speed.  At  wide-open  throttle, 
the  mixture  leans  rather  than  enriches  and,  at  the  low 
speed,  it  is  so  lean  that  the  engine  probably  would  not 
operate.  At  throttled  conditions  the  leaning  is  not  suf- 
ficient, thereby  wasting  fuel.  The  results  of  a  third  type 
of  carbureter  shown  in  Fig.  36  do  not  more  nearly  ap- 
proach the  ideal.     In  the  discussion  of  this  third  type, 
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it  is  assumed  that  the  adjustment  will  be  transferred 
nearer  to  the  ideal  mixture-strength.  The  idling  at  the 
extreme  low  speeds  is  good;  but,  at  higher  speeds,  it  is 
uncertain  on  account  of  lean  ratios.  At  other  throttled 
loads,  the  ratios  are  strengthened  instead  of  weakened, 
and  in  all  the  higher  speeds  the  maximum  power  would 
not  be  developed  owing  to  the  weakened  ratios.  The 
ratios  between  15  and  30  cu.  ft.  per  min.  are  erratic. 
Check-tests  made  were  perfectly  good  at  the  higher  flow- 
rates,  but  any  mixture-ratio  might  be  expected  between 
the  limits  mentioned.     Judging  from  the  few  examples 
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shown  at  constant  speeds  and  loads,  the  metering  is  by  no 
means  ideal. 

The  change  of  the  temperature,  of  both  the  fuel  and 
the  air,  affects  the  metering.  The  influence  of  the  fuel 
temperature  can  be  controlled  by  the  design  of  nozzles, 
jets  and  passageways,  but  the  effect  of  the  air-tempera- 
ture requires  a  more  complicated  design.  The  carbu- 
reter in  the  two  cases  shown,  in  Figs.  37  and  38,  illus- 
trates the  change  of  mixture-ratio  at  the  same  flow- 
rates  for  a  few  temperatures.  In  this  instance  the  test 
approximates  the  metering  characteristics  delivered  when 
operating  on  a  level  road;  that  is,  change  of  the  speed 
and  the  load  combined.  The  carbureter,  the  character- 
istics of  which  are  illustrated  in  Fig.  37,  enriches  about 
8  per  cent  per  100-deg.  Fahr.  increase.  The  other  device 
at  a  slightly  richer  mixture  shows  7  per  cent  per  100-deg. 
Fahr.  change.  The  temperatures  studied  are  from  75  to 
225  deg.  Fahr.;  they  cover  the  ordinary  range  with  the 
exception  of  the  low  temperatures  after  starting.  In  de- 
signing thermostatic  controls,  other  temperatures  must 
be  considered  in  addition  to  those  of  the  air  and  the  fuel. 

The  question  of  acceleration  is  of  prime  importance 
at  any  time.  If  an  instrument  is  designed  to  fulfill  the 
carbureter  requirements,  the  acceleration  must  be  very 
carefully  studied  and  the  mixture-ratios  maintained  un- 
failingly accurate.  Too  little  compensation  will  meet 
with  failure,  and  too  much  will  produce  a  waste  of  fuel. 

One  other  point  worthy  of  note  is  the  frictional  loss 
across  the  cai'bureter.  Probably  the  worst  offender  in 
cutting  down  the  engine  power,  and  hence  the  efficiency, 
is  the  plain-tube  and  allied  types.  However,  there  are 
some  air-valve  devices  that  show  a  high  frictional-loss. 
This  is  illustrated  in  a  comparison  of  two  plain-tube 
types  and  an  air-valve  type,  all  of  IVi-in.  size,  shown 
in  Fig.  39.  The  first  plain-tube  carbureter  has  a  very 
high  loss  before  the  metering  characteristics  break- 
down; the  air-valve  type  is  very  much  lower  but,  even 
so,  the  loss  is  too  high  for  this  type  and  the  capacity  is 
rather  low  with  respect  to  metering.  The  other  plain- 
tube  carbureter  is  lower  than  the  air-valve  type,  even 
though  it  is  a  plain  tube,  and  the  metering  characteristics 
are  just  beginning  to  show  an  enrichment  toward  the 
break-down  point.  The  frictional  loss  is  critical  just 
above  120  cu.  ft.  per  min.,  which  would  limit  the  capacity. 

The  causes  of  the  high  fuel-waste  due  directly  to  the 
carbureter  are:  (a)  improper  mixture-ratios;  (6)  poor 
acceleration,  (c)  omission  of  temperature  control,  and 
(rf)  high  fluid  frictional-loss. 

With  cars  operating  at  ordinary  speeds,  the  percentage 
of  engine  load  is  small  and  requires  a  high  manifold- 
vacuum;  this  results  in  a  large  engine  pumping-loss.  The 
leaner  mixtures  allow  a  higher  compression  for  the  same 
power  development,  which  reduces  this  large  pumping- 
loss.  If  little  or  no  provision  is  made  for  acceleration, 
the  mixture  must  be  made  so  rich  that  no  real  economy 
at  constant-speed  operation  can  be  obtained.  In  a  prac- 
tical device  that  fulfills  the  necessary  requirements,  the 
acceleration  feature  is  so  important  that  no  operation 
could  be  effected  without  it;  in  fact,  the  metering  device 
and  other  features  might  well  be  built  around  it. 

The  frictional  loss  across  the  carbureter  is  much  higher 
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than  through  the  manifold,  and  this  makes  it  essential  to 
cut  this  loss  to  a  minimum.  Perhaps  a  little  standard- 
ization of  the  flow-rate  capacities  and  head  losses  in  con- 
nection with  the  carbureter  flanges  would  aid  materially 
in  eliminating  fuel  waste. 

The  question  of  temperature  and  the  resulting  effect 
on  the  metering  characteristics  is  one  that  needs  more 
research  for  its  absolute  determination.  Each  individual 
device  has  its  own  peculiarities,  and  some  simple  auto- 
matic control  should  compensate  for  summer  and  winter 
operation;  if  preheated  air  is  used,  there  is  all  the  more 
necessity  for  a  temperature  compensation.  Also,  engine 
temperatures  on  starting  and  for  warming  must  be  in- 
cluded. It  is  practically  impossible  to  expect  10,500,000 
drivers  to  make  their  own  dash-adjustments  for  this 
temperature  correction,  and  the  fuel  loss  is  too  great  to 
allow  inattention. 

Conclusion 

On  retrospection,  we  note  the  short  period  of  time  for 
the  marvelous  development  of  the  throttling  internal- 
combustion  engine,  and,  on  account  of  its  flexibility,  we 
cannot  do  otherwise  than  consider  it  the  automotive  en- 
gine of  the  future.  In  so  doing  we  must  realize  that  now 
is  the  time  for  increasing  the  expansion-ratios  to  allow 
high  engine-efficiency,  and  good  carburetion  must  be 
effected  whereby  that  high  engine-efficiency  can  be  real- 
ized to  give  the  maximum  return  in  ton-mileage  per 
gallon.  Even  though  the  fuel  does  not  decrease  in 
volatility  to  the  extent  previously  mentioned,  from  the 
standpoint  of  the  motoring  public  and  from  an  economic 
viewpoint,  carburetion,  as  applied  to  the  present-day 
equipment,  is  far  behind  the  other  component  parts  of 
the  engine.  More  effort  is  being  expended  each  year  on 
carburetion  development,  and  the  day  is  at  hand  when 
the  United  States  must  efficiently  utilize  more  than  75 
per  cent  of  its  annual  consumption  of  gasoline. 

We  wish  to  acknowledge  our  appreciation  to  J.  W. 
Geiger,  H.  A.  Huebotter  and  Opie  Chenoweth  of  the 
Purdue  University  Engineering  Experiment  Station  for 
their  assistance  in  conducting  the  tests  and  computing 
the  results  of  the  various  investigations  presented  in  this 
paper. 
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A  SURVEY  of  highway  development  as  it  is  today  shows 
that  we  are  appropriating  annually  sums  aggregating 
more  than  $1,000,000,000  for  city  and  rural  highway  con- 
struction and  maintenance.  A  further  survey  of  our  needs 
shows  that  this  program  must  be  continued  for  10  years  or 
more  if  we  are  to  arrive  at  a  connected  system  of  highways 
that  will   render  the  greatest  possible  service  to  the  public. 

If  we  were  dealing  with  this  question  in  the  untroubled 
days  before  the  world  war,  the  matter  of  finance  would  be  a 
relatively  easy  one  and  we  would  not  be  so  much  concerned 
with  ways  and  means.  But  it  is  necessary  to  remember  that 
today  the  Nation  is  carrying  a  heavy  tax-budget  and,  what  is 
more  important,  that  the  State  and  county  levies  are  at  higher 
levels  than  they  have  been  in  the  past. 

We  must  weigh  well  all  of  the  elements  entering  into  any 
appropriation  for  any  purpose  and  only  those  must  be  made 
that  we  know  will  surely  return  a  direct  profit  to  the  public. 
Further,  we  must  seek  to  allocate  definitely  those  profits  so 
that  the  burden  will  be  borne  in  as  large  a  measure  as  pos- 
sible by  those  who  are  the  beneficiaries. 

Broadly  speaking,  we  all  agree  that  those  who  are  alive  to- 
day and  those  who  come  after  them  down  to  the  children  of 
the  third  and  fourth  generations,  will  benefit  from  highway 
construction,  provided  that,  once  constructed,  the  highway  is 
maintained. 

The  cost  of  highway  construction  should  be  divided  accord- 
ingly, which,  of  course,  at  once  implies  long-term  highway 
bond  issues.  Engineers  tell  us  that  from  40  to  50  per  cent 
of  the  cost  of  construction  of  a  highway  is  a  permanent  in- 


vestment, assuming  that  the  highway  has  been  properly 
located.  The  right  of  way,  the  grade,  the  drainage,  bridges, 
shoulders  and  engineering  costs  need  be  paid  only  once.  It 
is  the  surface  that  wears.  Engineering  records  show  that 
here  the  loss  is  less  than  is  popularly  supposed  since  in  the 
rebuilding  of  a  surface  it  is  possible  to  salvage  much  of 
the  material  and  use  it  for  a  base  for  new  surfacing. 

Considering  the  improvement  of  the  main  State  systems, 
which  will  average  about  7  per  cent  of  the  total  mileage  of 
this  Country,  this  system,  when  completed,  will  place  all  of 
us  on  main  roads,  or  but  a  few  miles  away;  and  through  the 
feeder  lines  we  will  be  enabled  to  reach  the  great  highway 
and  deliver  our  commodities  to  market. 

We  are  proposing  that  this  generation  shall  undertake  to 
build  these  roads,  charge  the  cost  to  capital  account,  pay  for 
them  by  long-term  bonds,  use  them  and  pass  them  on  to 
the  next  generation  in  as  good  or  better  condition  than  we 
built  them.  We  propose  that  each  generation  shall  pay  a 
fair  rental  charge  for  the  use  of  these  roads  in  the  sum  of 
amortization  charges  and  interest,  plus  maintenance.  In- 
terest on  bonds  and  amortization  should  be  paid  for  from 
general  taxation.  Maintenance  costs  should  be  charged 
against  traffic.  Maintenance  should  include  all  charges  up 
to  and  including  reconstruction,  save  extensions  or  added 
replacement  costs  where  an  inferior  is  replaced  by  a  superior 
type  of  surface.  Only  that  type  of  road  should  be  con- 
structed which  is  adequate  for  the  needs  of  present  and 
future  traffic,  as  determined  by  careful  surveys  of  both 
traffic  and  economic  possibilities. — A.  J.  Brosseau. 


FARM  AND  URBAN  INDUSTRIES 


IF  the  farm  production  of  the  Country  be  taken  as  a  whole, 
our  agricultural  producers  are  receiving  for  their  work 
but  a  trifle  more  in  money  than  they  received  before  the  war 
and  in  purchasing  power,  which  is  the  essential  thing,  less 
than  70  per  cent  of  their  prewar  remuneration.  In  other 
words,  their  productive  operations  are  completely  unprofit- 
able and  they  have  every  incentive  to  better  their  economic 
condition  by  abandoning  the  farms  in  favor  of  those  indus- 
trial and  urban  occupations  that  are  visibly  several  times 
over  superior  to  their  own.  And  insofar  as  the  farm  wage- 
earners,  as  contrasted  with  the  farm-owners,  are  concerned, 
this  incentive  is  rendered  more  powerful  by  the  fact  that 
the  farm-owner  cannot  afford,  with  the  prices  of  agricultural 
products  what  they  now  are  in  both  an  absolute  and  a  rela- 
tive sense,  to  put  wage-costs  into  what  they  produce;  so  that 
in  many  sections  of  the  Country  we  have  the  curious  spec- 
tacle of  a  greatly  reduced  supply  of  farm  labor  that  is  never- 
theless  redundant   even   at   very   low   wages.      Thus   reports 


from  all  parts  of  the  Country  recently  obtained  by  the  De- 
partment of  Agriculture  showed  an  excess  of  the  supply  of 
farm  labor  over  the  demand  in  respect  of  36  per  cent  of  the 
reporting  districts,  an  even  balance  of  supply  and  demand 
for  31  per  cent  of  the  reporting  districts,  and  a  slight  excess 
of  the  demand  over  the  supply  for  only  33  per  cent. 

The  Country  is  entering  upon  a  vast  process  of  economic 
readjustment  in  which  its  agricultural  production  will  de- 
crease relatively  to  a  sufficient  extent  to  enable  the  forces  of 
supply  and  demand  to  bring  the  prices  of  farm  products  in 
general  into  a  proper  balance  with  the  prices  of  industrial 
products.  Speaking  from  the  standpoint  of  economic  law, 
it  will  be  through  this  process  of  readjustment,  necessarily 
painful  to  all  concerned,  and  not  through  increased  credit 
facilities  and  the  like,  that  the  disadvantages  from  which 
the  farmers  now  suffer,  and  about  which  they  inevitably 
complain,  will  in  the  end  be  rectified. — A.  R.  Marsh  in 
Economic  World. 


ABRASIVE  QUALITIES  OF  STEELS 


MODERN  equipment  is  designed  for  high  speed  and  heavy 
duty.  The  manufacturers  have  met  this  condition  by 
using  heat-treated  plain  carbon  and  alloy-steels  in  the  moving 
parts,  such  as  gears  and  cams.  Application  of  various  types 
and  grades  of  steel  has  brought  forward  the  fact  that  any  one 
steel  cannot  be  used  indiscriminately  but  must  be  studied  in 
relation  to  the  service  for  which  it  is  intended.  An  introduc- 
tory study  of  the  effect  of  heat-treatment  on  the  abrasive 
qualities  of  plain  carbon  and  alloy-steels  indicates  that  the 
greater  the  density  and  hardness  are,  the  greater  the  abra- 


sive resistance  will  be;  the  ordinary  tension  and  Brinell  tests 
are  not  a  reliable  index  to  the  abrasive  qualities  of  a  mate- 
rial; the  carbon-steels  tested  showed  more  uniform  results 
than  the  nickel-chromium  steels  and  less  average  wear-loss; 
and  an  extensive  series  of  additional  tests  will  have  to  be 
made  before  it  will  be  possible  to  determine  with  any 
degree  of  certainty  the  combined  effect  of  ductility  and  hard- 
ness on  the  abrasive  properties  of  materials. — From  a  paper 
by  A.  M.  Cox  presented  at  a  recent  meeting  of  the  Pitts- 
burgh Section  of  the  American  Society  for  Steel  Treating. 
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Illustrated  with  Diagrams 


KEY  TO  FORMULAS  AND  SYMBOLS 

The  symbols  and  formulas  given  below  relate  to  all  of  the  charts  reproduced  as  well  as  to  the  text  of  the 
paper,  and  are  grouped  in  this  manner  for  ready  reference  by  the  reader: 


A  =  Area  of  Wing. 

Ai  =  T.(ApKx)  —  Apparent  Parasitic  Area 
Ac  =  Circumscribed  Area  of  Torque  Tube 
Ap  =  Parasitic  Area 
a  =  Distance  of  Beam  Axis  behind  Leading  Edge 
b  ^z  Height  of  Beam  Axis  above  Chord 
c  =  Mean  Chord 

Ci  =  IL(Kyc)  =  L/sq  =  Apparent  Chord 
D  =  Dp  +  Di  +  Ds  —  Total  Drag 
Di  =  Induced  Drag 
Dp  =  Parasitic  Drag 
Ds  =  Section  Drag 
FS  =  Factor  of  Safety 

/  =  Ds/L  =  Section  Drag  Divided  by  Lift  Ratio 
7  =  Gliding  Angle ;  tan  7  =  D/L ;  sin  7  =  w/v 
k,  Id  =  Factors  Used  in  the  Theory  of  Induced  Drag 
Km  ==  MVqAc  =  Coefficient   of  the   Moment   about   the 

Leading  Edge 
Kmi  —  Coefficient  of  the  Moment  about  the  Beam  Axis 


Kn  =  K y  cos  7  -f-  Kx  sin  7  =  Coefficient   of   Normal 

Force 
Kr=Kx   cos   7   —  Ky   sin   7   =   Coefficient   of   Tan- 
gential Force 
Kx  =  Drag  Coefficient 
Kxs  =  Ds/Aq  =  Section-Drag  Coefficient 
Ky  =  Lift  Divided  by  the  Area  of  Dynamic  Pressure 
=  Lift  Coefficient 
L  =  Lift 
Mt  =  Torque  Moment  about  the  Beam  Axis 
g  =  p(t>2/2)  =  Dynamic  Pressure 
p  =  Density  of  Air 
s  =  Span 

t  =  Shear-Strength 
th  =  Wall  Thickness 
v  =  Forward  Speed 
W  =  Weight 
w  =  Sinking  Speed  =  Rate  of  Descent 


AFTER  distinguishing  between  airplane-racer  and 
sailplane  problems,  the  author  discusses  the  soar- 
ing problem  briefly  and  concludes  that  the  outstanding 
requirement  is  a  minimum  rate  of  descent,  since  this 
is  the  factor  that  determines  the  merits  of  the  sail- 
plane. He  mentions  some  features  of  the  early  gliders, 
and  then  gives  an  analysis  of  the  rate  of  descent,  sub- 
dividing the  drag  into  the  three  factors  of  parasitic, 
induced  and  section  drag,  and  analyzing  each  sepa- 
rately with  the  aid  of  diagrams. 

The  span,  the  wing  section  and  the  best  chord  re- 
ceive similar  treatment.  Reasons  are  given  why  it  was 
not  deemed  advisable  to  build  a  biplane,  the  total  amount 
of  the  rate  of  descent  is  determined  and  the  total  glid- 
ing-angle is  subdivided  into  its  proper  parts  of  para- 
sitic, induced  and  section  drag.  After  stating  why 
external  bracing  was  not  used,  the  form  and  arrange- 
ment of  the  sailplane  body  are  described  and  tests 
of  a  model  are  commented  upon,  together  with  a  brief 
discussion  of  the  results  of  some  static  tests  on  a  piece 
of  the  beam.  A  detailed  analysis  of  torque  and  the 
torque  moment  is  included.  The  radical  departures 
from  the  conventional  practice  that  were  incorporated 
in  this  sailplane  are  stated  to  be  the  football  wheels,  a 
body  of  unusual  form  and  arrangement,  the  large  span, 
the  single  beam  and  the  torque-carrying  plywood- 
cover. 

IT  has  been  stated,  in  regard  to  the  difference  between 
racer  and  sailplane  problems,  that  the  racers  which 
competed    for   the   Pultizer  trophy   at   Detroit   are: 
"The  opposite  extreme,  in  tremendous  power  applied  to 


1  M.S.A.E. — Project  engineer.  Glenn  L.   Martin  Co.,  Cleveland. 


the  airplane,  from  the  gliders  with  no  power  that  have 
been  flown  recently  in  Germany."  That  statement  is 
very  true,  and  it  remains  true  when  it  is  applied  to  the 
construction  of  the  wing  or  any  other  part.  In  the  case 
of  the  racer,  large  forces  are  concentrated  upon  a  com- 
pact structure;  in  the  case  of  the  glider,  small  forces 
only  are  concentrated,  but  they  are  carried  by  a  spacious 
structure.  The  victorious  Curtiss  Army  racer  had  1950 
lb.  of  gross  weight  and  a  19-ft.  span;  the  Hannover  sail- 
plane has  only  430  lb.  of  gross  weight,  but  it  has  a  41.3-ft. 
span.  Therefore,  the  structural  problems  are  different. 
The  same  extreme  difference  appears  also  in  the  aero- 
dynamic problems.  The  victorious  Curtiss  racer  per- 
formed at  a  racing  speed  that  was  more  than  three  times 
its  landing  speed.  It  had,  therefore,  to  show  its  merits 
at  an  extremely  low  lift-coefficient,  which  is  only  about 
10  per  cent  of  the  coefficient  of  its  maximum  lift.  Two 
opposite  cases  had  to  be  considered: 

(1)  Low  angle  of  incidence;  very  little  lift  required; 
and  all  effort  concentrated  to  the  reduction  of  drag 

(2)  High  angle  of  incidence;  lift  as  large  as  possible; 
and  drag  of  no  importance 

It  is  clear  that  two  requirements  that  are  so  different 
must  handicap  each  other.  No  such  handicap  exists  in 
the  case  of  the  glider.  Its  maximum  performance  is 
only  10  to  20  per  cent  more  than  the  landing  speed.  The 
case  is  that  of  a  high  angle  of  incidence,  a  high  lift  and 
a  drag  that  is  as  low  as  possible.  The  characteristic 
difference  between  the  problems  of  the  racer  and  those 
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Fig.    1 — Diagram    Illustrating   the   Relation   Existing   between 

the    Sinking    Speed    of    a    Sailplane   and    the    Rate   of    Travel 

through   the   Air 

of  the  glider  must  be  recognized  clearly.  The  knowledge 
of  the  problem  shows  the  way  to  its  solution. 

In  the  last  Rhoen  meetings,  the  highest  rewards  were 
offered  to  those  sailplanes  that  would  remain  the  longest 
time  aloft  and  rise  above  the  starting  point.  It  seemed 
to  be  easy  to  rise  above  the  starting  point  if  only  the  up- 
current  were  strong  enough.  However,  this  result  had 
never  been  realized.  Flights  of  several  minutes'  dura- 
tion had  been  made  but  with  a  considerable  loss  of  alti- 
tude. None  of  the  gliders  had  been  able  to  continue  to 
soar  at  the  same  altitude  for  even  1  min.,  and  Orville 
Wright's  record  remained  unbroken. 

In  April,  1921,  when  I  was  asked  by  Professor  Proell 
to  design  a  sailplane  for  the  Hannover  Institute  of 
Technology,  I  was  possessed  with  two  ideas.  One  was 
that  of  a  biplane  with  a  very  thin  wing  of  low  minimum 
drag.  The  other  was  that  of  a  monoplane  of  high  wing- 
loading,  having  slotted  wings.  The  slots  were  supposed 
to  be  open  for  the  landing  condition  and  to  bring  a  high 
lift,  with  a  very  bad  drag,  of  course;  for  higher  speed, 
the  slots  were  to  be  closed.  I  discarded  both  ideas,  al- 
though they  would  have  been  useful  if  a  large  ratio  of 
speeds  had  been  required,  as  in  the  case  of  the  racer.  In 
our  case,  however,  the  outstanding  requirement  is  a 
minimum  rate  of  descent. 

The  rate  of  descent  is  the  factor  that  determines  the 
merits  of  the  sailplane.  To  soar  means  to  sink  more 
slowly  than  the  wind  rises.  A  good  pilot  is  able  to  ac- 
quire power  from  windgusts.  This  may  be  1  per  cent  of 
the  total  required  power,  10  per  cent  or  perhaps  more. 
We  know  so  little  about  the  turbulence  of  wind  that  I  do 
not  know  what  the  percentage  of  power  acquired  in  this 
way  would  be.  But  we  know  the  sinking  speed  of  the 
airplane,  and  we  know  how  to  influence  it. 

In  the  early  gliders,  not  much  had  been  done  to  reduce 
the  rate  of  descent.  The  effort  of  the  designer  was  to 
make  the  glider  as  light  as  possible,  and  to  reduce  the 
landing  speed.  The  extreme  of  this  tendency  was 
exemplified  in  the  Pelzner  glider,  a  biplane  having  an 
area  of  about  180  sq.  ft.  and  carrying  50  lb.  of  dead-load. 
Such  a  very  small  amount  of  dead-load  is  desirable  in  the 


Fig.   2- 


^ 


-How  the  Air  Passing   above  and  below  the  Wing  of  a 
Sailplane  Produces  Lift 


case  of  a  glider  that  is  without  landing-gear,  where  the 
pilot  starts  with  and  lands  on  his  own  feet.  To  fly  such 
a  glider  is  a  wonderful  physical  performance;  maybe  it 
is  even  a  better  sport  than  soaring  in  a  sailplane.  But 
the  flying  performance  of  the  Pelzner  glider  was  exceed- 
ingly poor.  In  1920,  the  Klemperer  glider  was  developed 
by  the  Aachen  Institute  of  Technology.  It  was  built  like 
a  real  airplane  and  followed  the  sound  principles  of  con- 
ventional aircraft  engineering.  Piloted  by  Klemperer, 
it  won  all  the  first  prizes  at  the  1920  meeting.  However, 
the  rate  of  descent  had  not  been  given  first  consideration 
in  its  design;  it  made  fine  flights,  but  it  did  not  succeed 
in  soaring. 

Analysis  of  the  Rate  of  Descent 

Let  us  determine  by  what  means  a  low  rate  of  descent 
can  be  obtained.  With  reference  to  Fig.  1,  the  sinking 
speed  is  the  vertical  component  of  the  travel  through  the 
air  and  w  =  v  sin  y.  So  long  as  the  gliding  angle  y  is 
small,  it  can  be  approximated  by  w  =  v  tan  y  =  v  (D/L). 
It  appears  that  a  good  gliding-angle  or  a  low  drag,  and 
also  a  low  speed,  contribute  to  our  purpose.  In  consider- 
ing how  these  values  are  determined,  it  is  necessary  to 
divide  the  drag  into  (a)  parsitic  drag,  (b)  induced  drag 
and  (c)  section  drag. 

The  conception  of  the  parasitic  drag  is  sufficiently  well 
known.  It  is  produced  by  the  non-lifting  parts  such  as 
the  body,  the  landing-gear,  the  tail-skid,  the  tail  surfaces 
and  the  like.    We  have 

Dp  =  L(ApKx)q 

In  abbreviated  form, 

DP  =  A,q 

The  induced  drag,  that  part  of  the  drag  of  a  wing 
which  is  induced  by  the  lift,  was  introduced  by  Professor 
Prandtl  of  Goettingen  and  his  co-workers.  The  idea  can 
be  explained  by  the  following  approximation.  In  Fig.  2, 
a  certain  mass  of  air  passes  above  and  below  the  wing, 
and  it  is  used  to  produce  lift.  Therefore,  Q  =  p  Ks'v. . 
To  produce  the  lift,  it  must  receive  the  downward  move- 
ment behind  the  wing,  and  W,  =  L  Q  =  L/oKs'v.  Under 
the  wing,  the  current  has  already  reached  part  of  this 
downward  movement.  An  analogy  is  that  the  air  yields 
under  the  wing  like  loose  sand  under  one's  feet.  The 
larger  the  shoes  one  wears  and  the  faster  one  walks,  the 
less  the  sand  will  yield.  It  is  tiring  to  walk  through 
loose  sand.  With  each  step,  one  must  climb  from  the  hole 
the  other  foot  has  made.  This  same  effect  applies  also  to 
the  wing.  It  produces  its  own  down-current  and,  to 
maintain  constant  altitude,  it  must  rise  constantly  in  its 
own  down-current.  This  rising  produces  the  induced 
drag  and 

Di  =L(w/v)  =L"-/k,ps2v- 

The  value  of  A-,  can  be  determined  by  experiment. 
Prandtl  determined  it  by  the  methods  of  classic  hydro- 
dynamics and  checked  the  result  by  experiments.  He 
found  that  fe,  =  0.5  «  for  the  monoplane ;  k,  =  0.6  r.  for 
the  biplane,  with  a  gap-span  ratio  of  about  1  to  10;  and 
fc,  =  0.65  71  for  the  biplane,  with  a  gap-span  ratio  of  about 
1  to  6.  This  means  that  a  biplane  can  utilize  a  little  more 
air  to  produce  lift  than  a  monoplane  having  the  same 
span,  and,  the  greater  the  gap  is,  the  more  air  it  can  use. 
Therefore,  for  the  monoplane,  Di  =  U/k  s2q,  and,  for  the 
biplane  with  a  gap-span  ratio  of  1  to  10,  Di  =  U/  1.2  is  s2q. 

The  conception  of  section  drag  is  assisted  by  reference 
to  Fig.  3.  The  induced  drag  would  be  the  drag  of  the 
ideal  wing,  with  ideal  distribution  of  lift  and  no  skin 
friction.     We  find,  however,  from  experiments,  that  an 
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additional  drag  exists,  due  to  the  wing  imperfections. 
An  idea  of  the  origin  of  this  trouble  can  be  obtained  by 
ooking  from  the  deck  of  a  steamer  down  to  its  water- 
line  The  skin  of  a  ship  is  covered  by  a  sheet  of  heavily 
turbulent  water,  2  or  3  in.  thick  on  the  sides  and  dissolv- 
ing at  the  rear  into  a  deadwater,  a  broad  band  of  vor- 
texes. The  same  effect  occurs  on  wings,  and  the  drag 
that  it  produces  is  called  section  drag;  so, 

Ds  —  KisAq 
or,  in  another  form, 

Ds  =  fL 
The  second  form  of  the  section-drag  equation  is  the 
more  useful  for  our  purpose.  The  factor  /  can  be  con- 
sidered as  a  friction  coefficient,  a  measure  of  the  imper- 
fectness  of  a  section.  The  factor  /  is,  of  course,  not  a 
constant;  it  is  different  for  every  angle  of  attack.  In  a 
racer,  a  wide  range  of  angles  must  show  a  low  section- 
drag;  in  our  case,  we  have  no  such  handicap  and  consider 
only  the  minimum  value  of  /.  In  many  sections,  we  find 
fmtn  =  1/40;  frequently,  fmin  =  1/50;  occasionally,  fm(n  = 

Having  completed  the  subdivision  of  the  drag,  we  can 
now  write  the  formula  for  the  total  drag.    It  is 

D  =  Dp  +  Di  +  Ds 
or, 

D  =  (L2/ws2q)  4-  A,q  +  fL 
But,  in  this  form,  the  formula  is  not  yet  useful  to  show 
the  influence  of  the  dimensions  of  the  sailplane  upon  the 
performance.     To  show  this  influence,  the  dynamic  pres- 
sure q  must  be  eliminated  and  be  replaced  by  the  lift  L 
the  apparent  chord,  c„  and  the  span,  s. 

Since  q  =  L/sclt  we  obtain  the  formula  for  the  gliding 
angle.    For  the  monoplane,  it  is 

tan  7  =  D/L  =  A,/clS  +  cjvs  +  / 
1.4 


Fig.  3 — Chart  Illustrating  Section  Drag 


Fig.  4 — The  Goettingen  Wing  Section  No.  427 

For  the  biplane  having  a  gap-span  ratio  of  1  to  10,  it  is 
tan  7  =  AJds  +  c,/1.27rs  -f  / 
The  next  step  is  to  express  the  speed,  v,  when  using 
the  same  values.  We  have,  v  =  y  (2L/P  c,  s)  and,  by  in- 
troducing it  into  the  equation,  we  obtain  the  rate  of 
descent 

wv  tan  7 

=  IV(2L/p)  x  V(l/c,«)]  [(4,/ClS)  +  (*/»■«)  +  /] 
for  the  monoplane,  and  we  can  write  a  corresponding 
formula  for  the  biplane.  This  formula  is  very  useful  It 
contains  no  factors  other  than  the  well-known  density  of 
the  air  and  a  few  dimensions  of  the  craft  such  as  L  the 
weight  or  lift;  c„  the  apparent  chord;  s,  the  span-'  A 
the  apparent  parasitic  area;  and  /,  the  "friction"  coeffi- 
cient of  the  section.  These  craft  dimensions  can  be  esti- 
mated or  determined  easily. 

It  is  remarkable  how  large  a  function  the  span  has 
upon  the  rate  of  descent  as  expressed  in  the  foregoing 
formula;  s  is  found  below  the  line  only.  An  increase  of 
span  must,  therefore,  reduce  the  sinking  speed.  It  was 
for  that  reason  that  I  insisted  on  giving  the  sailplane  the 
largest  span  that  we  believed  we  could  handle  The  im- 
portance of  the  amount  of  span  has  not  been  fully  under- 
stood outside,  even  by  experts.  For  instance,  the  editor 
ot  b  light  speaks  about  "the  wing  span,  which  is  obviously 
somewhat  large,"  on  Aug.  31,  1922,  after  the  record  was 
broken.  I  even  had  difficulty  to  obtain  permission  to  use 
such  a  large  span  as  I  did  use.  To  quote  from  my  letter 
of  April  30,  1921,  I  had  to  explain  that 

If  we  reduce  the  span,  the  induced  drag  will  increase. 
,.t„.ls  Pl  .=  LV"-sY  In  our  case  we  estimate  that  the 
lilt,  L,  is  310  lb.;  the  span,  s,  is  41.3  ft.;  and  the 
dynamic  pressure,  q,  is  1.28  lb.  per  sq.  ft.  If  we  have 
to  reduce  the  span  to  the  railroad  limit,  29.5  ft  the 
drag  will  increase  by  13.4  lb.,  as  follows : 

AZ)4=  (310) V1.28t[(1/[29.5]=  —  1/[41.3]2)]  =13.4  lb. 
That  is  considerable;  it  increases  our  rate  of  descent 
by 

Mo  =  v(Di/L)  =1.42  ft.  per  sec. 

and  it  is  just  this  value  which  determines  whether  we 
can  compete. 

The  large  span  was  granted  at  last.  Its  success  was  so 
convincing  that,  in  the  following  year,  out  of  53  entries, 
33  had  a  span  of  36  ft.  or  more;  19,  a  span  of  40  ft.  or 
more;  and  11,  a  span  of  45  ft.  or  more.  One,  a  mono- 
plane built  by  Espenlaub,  a  young  village  carpenter,  had 
even  a  55.8-ft.  span  and,  in  spite  of  a  bad  finish,  showed 
a  very  good  performance. 

Section  and  Best-Chord  Determination 
The  next  thing  to  determine  was  a  good  section.  I 
wished  to  find  a  section  with  a  low  Ds/L  ratio  for  /  The 
Goettingen  section  No.  427,  illustrated  in  Fig.  4  is  very 
good.  At  Ky  =  0.95,  it  has  a  ratio  of  1/87  only.  How- 
ever, it  is  very  thin.  For  structural  and  for  service 
reasons,  I  wished  to  use  a  thick  section.  Also,  the  sec- 
tion in  Fig.  4  had  rather  low  lift-values,  and  would  have 
required  more  wing  area  than  I  wished  to  use.  Of  the 
thick  sections  available,  Goettingen  section  No.  441  looked 
promising.  It  showed  a  very  high  lift  and  a  good  ratio, 
about  1/50  over  a  wide  range  and  especially  for  the  high 
lift-values,  with  a  minimum  near  Ky  =  1.0.  It  was  almost 
thick  enough  for  internal  bracing,  but  it  was  desirable 
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The  best  apparent  chord  of  the  monoplane  is,  therefore. 

ctest  =  0.5ir[0.75  ±  V  •[  (0.75)2  +  (12/t  x  1.71)  }  ] 
=  5.35  ft. 


Fig.  5 — The  Composite  Winq  Section  Used  in  the  Hannover 
Sailplane 

to  make  it  a  little  thicker  anyhow.  To  save  time,  Dr. 
Betz,  of  Goettingen,  advised  us  to  form  a  new  section  by 
combining  the  existing  templates  of  Goettingen  sections 
No.  384,  upper  side,  and  No.  441,  lower  side.  The  section 
No.  482  so  obtained  was  tested  and  developed  to  be  very 
satisfactory.  It  had  almost  the  same  properties  as  Goet- 
tingen section  No.  441.  The  maximum  thickness  is  18 
per  cent  of  the  chord.  Such  an  ample  thickness  permits 
the  construction  of  a  very  stiff,  internally  braced  wing 
of  sufficiently  low  weight.    It  is  shown  in  Fig.  5. 

The  next  problem  to  solve  was  that  of  finding  the  best 
chord.  This  means  the  chord  that  will  give  the  minimum 
rate  of  descent,  iv.  The  best  value  of  ct  is  found  by  dif- 
ferentiating iv  for  c,  and  setting  dio/dc  =  0.  This  gives, 
for  the  monoplane, 

clSe»t  =  0.5tt[(/s  ±  V  \fs*+  (12A./1T)  <■  ] 


Fig.  6 — Plan  View  of  the  Wing  Used  in  the  Hannover  Sailplane 

For  the  biplane  having  a  gap-span  ratio  of  1  to  10, 

dse»<  =  0.6ir[(/s  ±  V  -1  fs2  +  (10A,/t)  \  ] 

The  chord  that  gives  the  best  gliding-angle  is  smaller. 
For  the  monoplane 

Cibcst  =  V"Ai 

For  the  biplane  with  a  gap-span  ratio  of  1  to  10 

Cihcst  =  V1.2tAi 

These  formulas  for  the  best  chord  are  surprisingly 
simple.  They  contain  nothing  but  three  values  that  can 
be  estimated  or  determined  in  the  early  design;  the  span, 
s;  the  Ds/L  ratio,  /;  and  the  apparent  parasitic  area,  A. 
We  had  the  following  values: 


s,  ft. 

/ 

sf 

Cross  Area  of  the  Body,  sq.  ft. 

Estimated  Drag  Coefficient 

Area  of  Tail  Surfaces,  sq.  ft. 

Estimated  Drag  Coefficient 

Ai  =  (6.5  X  0.20)  +  (34  X  0.012) 


41.3 

1/55 

0.75 

6.5 

0.20 

34 

0.012 

1.71 


For  the  best  gliding-angle, 

Cbest  =  V1.71t  : 


2.32  ft. 


A  close  investigation,  details  of  which  are  given  in  the 
Appendix  to  this  paper,  shows  that  the  most  advisable 
chord  lies  between  the  so-determined  optima.  At  c,  =  4.2 
ft.,  the  rate  of  descent  is  only  1.4  per  cent  more  than 
the  minimum,  but  the  gliding  angle  is  12  per  cent  better 
than  for  c,  =  5.35  ft.  At  c,  =  2.32  ft.,  on  the  other  hand, 
the  gliding  angle  would  have  been  still  better  but,  also, 
the  rate  of  descent  would  have  been  20  per  cent  worse. 

Monoplane  or  Biplane 

A  further  investigation,  as  explained  in  the  Appendix, 
shows  that  in  the  case  of  a  biplane  a  slightly  smaller 
span  would  be  sufficient  to  bring  the  same  results.  With 
the  thick  section  No.  482,  a  span  of  1  ft.  would  be  spared 
and,  with  the  very  good  section  No.  427,  a  span  of  even 
5  ft. 

I  thought  that  such  a  small  gain  in  span  would  not 
make  the  biplane  preferable.  The  biplane  requires  twice 
as  many  beams  and  many  more  ribs  and  fittings,  and 
wires  and  struts  which  can  be  avoided  in  the  monoplane. 
This  consideration  applies  especially  to  the  very  thin 
section  No.  427  that  is  so  very  good  aerodynamically.  I 
doubt  if  a  wing  with  this  section  could  be  constructed 
with  only  one  pair  of  struts  on  either  side. 

The  investigation  showed  also  that  the  chord  of  the 
biplane  would  have  to  be  very  small,  about  2.2  to  2.7  ft. 
It  is  certainly  not  impossible  to  build  such  narrow  wings; 
in  the  case  of  very  large  craft,  it  has  even  the  advantage 
that  the  elements  of  which  the  wings  are  composed  are 
handier  than  those  of  a  monoplane  with  a  larger  chord. 
For  instance,  they  still  can  be  shipped  by  railroad,  while 
the  corresponding  monoplane  has  to  be  transported  by 
air.  In  such  a  case,  a  very  careful  comparison  will  be 
necessary  to  balance  the  merits  of  the  two  types. 

This  analysis  is,  however,  sufficient  to  show  that  a 
more  conventional  type  of  biplane,  with  shorter  span  and 
longer  chord,  would  not  have  been  able  to  compete  with 
the  monoplane.  I  gave  the  wing  an  area  of  A  =  scmca„  = 
41.3  X  4.2  =  174.0  sq.  ft.  It  is  slightly  deeper  in  the 
center;  the  ends  are  tapered  and  decrease  to  the  good 
section  No.  427  at  the  wing  tip,  as  shown  in  Fig.  6. 

It  is  of  some  interest  now  to  determine  the  total 
amount  of  the  rate  of  descent  and  the  gliding  angle,  and 
to  subdivide  the  latter.  The  gliding  angle  consists  of  the 
following  parts  of  the 

Per 
Cent 

Parasitic  Drag,  A,/  (c,s)       =  1.71/174  =  0.0098  =  16.3 

Induced  Drag,  c,/(tS)  =  4.2/41.3ir  =  0.0324  =  53.7 

Section  Drag,  /  =  1/55  =  0.0182  =  30.0 


Fig.  7 — End  and  Side  Elevations  and  Plan  View  of  the  Body  of 
the  Hannover  Sailplane 


Total  Gliding  Angle,  tan  7  =  1/16.6       =  0.0604  =  100.0 

With  a  lift  L  =  430  lb.  and  in  the  standard  atmosphere 
p  =  1/422  (lb.  X  sec.2/  ft.1),  the  best  speed  for  soaring 
would  be 

vtest  =  V  (2  X  430  X  422) /174  =  45.6  ft.  per  sec. 
=  31.1  m.p.h. 

This  gives  a  rate  of  descent  of 

wbest  —  v  tan  7  =  45.6/16.6  =  2.75  ft.  per  sec. 

I  was  very  much  surprised  by  the  result  of  the. sub- 
division of  drags.  I  had  not  expected  that  the  wing  with 
the  "obviously  somewhat  large  span"  would  produce  so 
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much  induced-drag,  54  per  cent  of  the  total  drag,  and 
that  the  parasitic  drag  would  be  so  little,  only  16  per 
cent.  Of  course,  there  were  no  struts,  wires,  axles  and 
wheels,  but  the  tail  surfaces  and  the  body  were  large  for 
a  small  sailplane  of  only  174  sq.  ft.  Also,  considering  the 
rough  form  of  the  body,  a  large  drag  coefficient,  0.20, 
was  used  in  the  analysis ;  good  forms  have  less  than  0.06. 
In  regard  to  the  reason  the  wing  was  not  braced  ex- 
ternally, a  streamline  tie-rod  on  either  side  would  not 
have  affected  the  performance  to  any  extent.  I  omitted 
them,  not  so  much  for  the  saving  of  drag  as  for  manu- 
facturing and  service  reasons.  In  my  letter  of  April  30, 
1921,  I  wrote,  "If  there  is  the  slightest  chance,  I  will 
try  to  avoid  external  bracing,  not  so  much  to  save  drag 
as  for  the  simpler  assembling."  It  is  obvious  that  wires 
and  wire  connections  are  in  constant  danger  because  of 
the  rough  handling  that  a  glider  must  withstand  during 
transportation  over  a  rolling  country. 

Form  and  Arrangement  of  Body 

The  body  is  shaped  somewhat  oddly,  as  indicated  in 
Fig.  7  and  shown  in  Fig.  8.  No  effort  was  made  to  give 
it  streamline  forms.  It  is  square  in  the  rear,  ending  in  a 
horizontal  knife-edge.  It  is  hexagonal  in  the  front,  with 
straight  sides  and  sharp  edges  running  from  front  to 
rear;  and  they  even  do  not  run  steadily,  but  are  broken 
below  the  wing.  The  lower  break  is  below  the  center  of 
gravity  to  allow  a  16-deg.  tilting  fore-and-aft,  as  wheels 
do.  The  upper  break  occurs  at  the  trailing  edge  of  the 
wing  and,  from  there,  the  upper  longerons  run  straight 
down  to  the  nose  to  give  sufficient  free  space  for  the 
pilot.  I  determined  the  form  of  the  body  principally  for 
constructional  reasons. 

One  very  important  point  had  been  considered  with 
reference  to  the  arrangement  of  the  body.  A  series  of 
experiments  in  the  wind-tunnel  of  Dr.  Junkers,  at  Dessau, 
in  1920,  had  demonstrated  that,  for  the  condition  of  high 
lift,  a  body  below  the  wing  is  much  superior  to  a  body 
on  top  of  it.  This  is  not  so  important  for  fast  airplanes, 
flying  at  double  landing-speed  or  more,  but  it  is  of  high 
importance  for  the  very  low-power  airplanes.  It  devel- 
oped that  in  many  cases  the  drag  of  the  entire  airplane 
is  much  more  than  the  sum  of  the  detail  drags.  I  took 
the  precaution,  therefore,  to  place  the  body  below  the 
wing;  and  to  leave  the  entire  upper  side  and  the  front 
third  of  the  lower  side  free  from  obstructions. 

Another  lesson  learned  from  Dr.  Junkers'  experiments 
was  that  the  near  surroundings  of  the  wing  must  be  free 
from  pockets  in  which  the  air  speed  has  to  decrease.  This 
was  carefully  avoided.  The  joint  between  the  body  and 
the  wing  begins  just  behind  the  pilot's  head,  one-third 
of  the  chord  from  the  leading  edge,  and  widens  con- 
stantly to  the  full  width  of  the  body  at  the  trailing  edge. 


Fig.  S- 


-Two  Views  of  the  Hannover  Sailplane  Showing  the 
Somewhat  Peculiar  Shape  of  the  Body 


drag  is  not  constant.  At  low  angles  of  incidence,  it  is 
very  bad.  The  wing  is  here  very  bad  also,  particularly 
below  Ky  =  0.4,  where  a  lower  burble-point  is  reached. 
(See  Fig.  10.)      On  the  other  hand,  the  parasitic  drag 


Model  Test 


The  following 


A  model  test  was  run  at  Goettingen. 
arrangements  were  tested : 

(1)    Standard  wing  model,  to  determine  properties  of 
section 

Model  of  the  intended  wing,  tapered,  to  1/10  scale 
Model  of  the  entire  sailplane,  with  the  elevator  ad- 
justed for  every  angle  of  incidence  so  as  to  balance 
the  craft  about  the  estimated  center  of  gravity 
A  similar  test  to  (3),  but  with  a  round  streamline 
body 

Test  (2)  confirmed  Prandtl's  theory  of  induced  drag 
well,  and  the  results  were  even  slightly  better  than  those 
transformed  from  Test  (1),  as  shown  in  Fig.  9.  Test  (3) 
gave  the  somewhat  surprising  result  that  the  parasitic 


(2) 
(3) 


(4) 


Fig.  9 — Results  of  Tests  o.v  Wing  Models  To  Determine  the 
Properties  of  the  Sections 
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disappears  at  very  high  lift  and,  therefore,  the  lowest 
rate  of  descent  does  not  occur  at  Kv  =  1.0,  as  the  analysis 
had  determined,  but  at  Ky  =  1.36,  with  a  gliding  angle 
tan  f  =  1/15.  This  determines  the  best  speed  for  soar- 
ing to  be 

=  V   (2X430X422)/ (174X1-36) 

=  39.2  ft.  per  sec. 

=  26.7  m.p.h. 

It  determines  also  that  the  minimum  rate  of  descent  is 

Wbest  =  v  tan  ->  =  39.2/15 
=  2.61  ft.  per  sec. 

Another  more  surprising  result  was  the  failure  of  the 
streamlined  body,  Test  (4),  to  give  better  results.  It 
was  even  slightly  inferior  for  high  lift.  The  only  ex- 
planation that  we  could  imagine  was  the  more  compli- 
cated joint  between  the  round  body  and  the  wing.  At 
any  rate,  this  is  a  typical  example  of  costs  having  been 
saved  by  making  a  laboratory  test. 

Constructional  Details 

The  question  may  arise  as  to  why,  with  the  knowledge 
that  the  round  streamline  body  of  Test  (4)  did  not  give 
better  results,  we  did  not  discard  the  body  entirely.  I 
am  glad  we  have  not  discarded  it,  because  it  has  helped 
considerably  to  beat  the  record.  In  the  Hannover  sail- 
plane the  pilot  is  enclosed  entirely;  nothing  but  his  head 
protrudes  from  the  body  and  he  is  well  protected  from 
the  wind  and  cold,  as  shown  in  Fig.  11.  Hentzen  reports 
that  he  felt  comfortable  during  his  great  flight,  while  the 
spectators  on  the  ground  built  fires  to  warm  themselves. 
We  have  not  had  any  bad  crash,  but  I  believe  that  if  we 
had  had  the  pilot  would  have  found  good  protection  in  the 


Fig.  10 — Test  Results  on  the  Sailplane 


11 — The  Pilot  in  the  Hannover  Sailplane  Was  Well 
Protected  against  the  Wind  and  the  Cold 

body.  Plywood  bodies  are  the  most  crashproof,  especially 
with  ash  longerons  that  are  wrapped  with  fabric.  Our 
longerons  are  laminated  and  form  an  uninterrupter  bow 
in  the  nose;  they  absorb  much  energy  before  destruction 
and  do  not  splinter  so  badly  as  spruce. 

A  feature  which  helped  very  much  to  avoid  crashes 
was  the  "football  wheel,"  suggested  by  Herrmann  Dorner, 
well-known  designer  of  aircraft  and  chief  engineer  of 
the  Hannover  Wagon  Co.  This  is  a  rimless  wheel  in 
which  the  inner  tube  is  ball-shaped  and  rides  on  the  hub ; 
the  casing  is  connected  to  the  flange  of  the  hub.  This 
wheel  worked  very  satisfactorily. 

The  construction  of  the  wing  is  somewhat  similar  to 
that  of  Fokker's  wing,  or  its  predecessor  of  1916,  an  all- 
wood  cantilever  wing  designed  by  Dr.  Oesterlen  of  the 
Hannover  Institute  of  Technology.  It  contains  no  in- 
ternal wire-bracing  or  metal  fittings;  metal  is  used  only 
where  the  outer  and  the  center  wing  join.  A  three-ply 
cover  of  the  front  third  forms  the  skin  and  the  drag 
bracing;  the  rear  two-thirds  of  the  wing  is  made  in  the 
usual  way,  and  the  ribs  are  covered  by  doped  fabric.  The 
new  feature  of  this  wing  is  that  it  does  not  contain  the 
classic  arrangement  of  a  front  and  a  rear  beam;  it  has 
one  single  beam  only,  one-third  of  the  chord  from  the 
leading  edge,  where  the  section  has  its  greatest  depth. 

Some  constructional  problems  arise  from  this  new  ar- 
rangement. The  ribs  have  to  cantilever  toward  the  trail- 
ing edge  for  two-thirds  of  the  chord.  However,  this  is 
for  3  ft.  only,  which  is  not  more  than  the  rear  cantilever 
part  of  an  ordinary  medium-sized  rib.  Also,  as  the  beam 
is  11  in.  high,  the  free  length  is  not  out  of  proportion. 

Torque 

A  more  difficult  problem  was  how  to  master  the  torque 
that  tends  to  tilt  the  wing  forward  at  high  speed.  At  low 
angles  of  incidence,  in  all  cambered  wings,  the  nose  part 
gets  a  down-pressure  while  the  rear  has  still  an  up- 
pressure.  The  single  beam  is  not  able  to  carry  the  mo- 
ment that  results  therefrom.  It  carries  only  the  forces 
in  its  plane.  The  torque  moment  turning  about  the  beam 
is  taken  by  the  plywood-tube  that  forms  the  cover  of  the 
front  third  of  the  wing.    The  value  of  this  moment  is 

Mt  =  qA  (—  aK„  —  bKt  +  cKm 
=  qAcKmi  in  abbreviated  form 
according  to  Fig.  12 

The  coefficients  Km,  K„  and  Kt  are  taken  from  the  test 
of  the  bare-wing  model.  The  value  of  the  dynamic  pres- 
sure q  is  found  from 

q  =  W/tAV(Kv'K„')-[ 
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The  coefficients  Ky  and  A'.,-  are  taken  from  the  test  of  the 
entire  model.    We  find,  by  the  elimination  of  q,  that 

Mt=  (WXc)U  —  (a/c)K»+  (b/c)Kt+Km\/ 
V  (AV  +  if,1)] 

This  is  the  formula  that  determines  the  worst  possible 
case  of  a  torque  moment.  The  moment  can  reach  very 
high  values,  especially  for  fast  airplanes.  It  has  made 
many  wings  collapse  during  a  dive.  We  had  very  for- 
tunate conditions  in  the  Hannover  sailplane  regarding 
the  speed  limit.  At  low  angles  of  incidence,  below  the 
lower  burble-point,  the  drag  is  abnormally  high.  The 
minimum  value  of  \/  (K'„-\-IC.r)  is  0.092,  which  is  twice 
as  much  as  in  ordinary  airplanes.  The  speed  limit  for 
a  long  steep  dive  is,  therefore,  not  more  than 

Vmas  =  V  [2W/  \  Ap\'  (Ky-  +  Km*)  \  ] 

=  V  (2X430X422)/ (174X0.092) 
=  150  ft.  per  sec.  =  102  m.p.h. 

This  speed  limit  has,  naturally,  never  been  reached. 
However,  the  pilots  claim  that  they  have  reached  a  speed 
of  56  m.p.h.  in  a  dive,  which  should  warn  them  not  to 
be  careless  in  the  consideration  of  the  high-speed  con- 
dition. 

Returning  to  further  consideration  of  the  torque  mo- 
ment, the  moment  coefficient 

Km,  =  [—(a/c)K„  +  (b/c)Kt  +  Km1 
which,  in  our  case,  is 

Km  =  (—  0.33  K„  +  0.10  Kt  +  K,„) 
has  its  maximum  near  y  =  — 4.6  deg.  and  is  K„h  max  = 
0.130.  If  the  sailplane  dives  for  a  long  time  so  that  it 
reaches  its  speed  limit,  and  then  is  tilted  up  to  the  angle 
of  incidence  y  =  — 4.6  deg.,  the  torque  moment  about  the 
beam  axis  becomes 

Mt  —  430  X  4.75  X  (0.130/0.092) 
=  2890  lb-ft. 

This  is  the  largest  moment  that  has  to  be  carried 
from  the  wing  into  the  body  and  balanced  by  the  ele- 
vator or  tail  surface.  The  largest  torque-moment  of  each 
wing  near  the  root  is  one-half  of  this  value. 

Concerning  a  torque-tube  analysis,  our  knowledge  of 
the  torque  moment  did  not  allow  us  to  determine  the 
required  wall-thickness  of  the  plywood  tube  without  a 
test.  No  information  could  be  obtained  in  regard  to  the 
shear-strength  of  plywood  under  such  conditions  as  ob- 
tain in  the  nose  of  the  wing.  Under  ordinary  conditions, 
the  shear-strength  of  plywood  is  about  t  =  2500  lb.  per 
sq.  in.  The  circumscribed  cross-area  of  the  tube  is 
Ac  =  1.1  sq.  ft.  A  factor  of  safety  of  2.5  seemed  advis- 
able. The  required  thickness  under  these  assumptions 
would  have  been 

thrcq  =  (FS  X  M)  I  (2  X  Ac  X  t) 

=  (2.5  X  1435)/(2  X  1.1  X  2500  X  12) 
=  0.055  in.  near  the  root. 

Toward  the  tip,  the  thickness  would  have  tapered  down. 
Static  Tests  and  Factor  of  Safety 

We  made  a  torque  test  on  a  piece  of  beam  with  its 
ribs  and  the  nose  covered  with  1/16-in.  birch  plywood. 
The  sample  first  stood-up  very  well  and  showed  little  de- 
formation. Then  the  plywood  began  to  wrinkle;  it  lost 
much  of  its  stiffness  and  sheared  finally  along  a  rib  and 
the  beam.  Although  the  test  did  not  show  the  full  re- 
quired strength,  it  gave  us  valuable  information  about 
the  way  in  which  such  a  structure  is  destroyed.  The 
phenomenon  of  wrinkling  under  shear  is  very  much  sim- 
ilar to  that  of  a  slender  strut  bending  under  a  longi- 


Fig.  12 — Diagram  Illustrating  the  Determination  of  the  Torque 
.Moment  about  the  Beam  Axis 

tudinal  load.     Unfortunately,  no   second   Euler  has  yet 
arisen  to  bring  the  problem  to  a  simple  solution. 

We  brought  the  ribs  closer  together  to  reduce  the  free 
wrinkling  length,  and  increased  the  plywood  thickness 
to  0.08  in.  in  the  center.  Toward  the  wing-tip,  it  tapers 
down  to  0.063  and  to  0.048  in.  in  thickness.  The  sample 
was  repaired  and  another  test  was  made  to  determine 
the  bending-strength  of  the  beam.  It  brought  no  new 
knowledge;  however,  it  helped  us  to  feel  confident  about 


Fig.  13 — The  Hannover  Sailplane  in  Flight 

the  strength  of  the  wing.  A  factor  of  safety  of  5  for  a 
uniformly  distributed  load  had  been  assumed.  Another 
case,  which  we  considered,  was  that  a  load  equal  to  the 
weight  of  the  sailplane  would  apply  to  one  wing-tip.  This 
case  corresponds  to  a  bad  landing  in  which  the  sailplane 
touches  the  ground  first  with  one  wing-tip,  a  case  which 
is  not  very  rare  in  a  rolling  country  subject  to  treach- 
erous winds.  It  was  possible,  therefore,  to  lift  the  loaded 
sailplane  on  its  wing-tips,  with  a  factor  of  safety  for 
this  abnormal  condition  of  FS  =  2. 

The  question  has  been  raised  whether  such  a  high  fac- 
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Fig.   14 — Plan  View  with  Dimensions  of  the  Hannover 
Sailplane 
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tor  of  safety  is  justified.     When  asked  for  my  opinion 

May  1,  1921, 1  wrote 

Stunting  will  come  soon  and  will  result  in  high 
stresses.  It  will  not  be  long  before  air  combats  will 
be  practised,  perhaps  not  in  Germany  but  certainly  in 
other  countries.  Also,  when  we  glide  in  a  flat  country 
and  raise  a  sailplane  as  a  kite,  to  release  the  towline 
and  glide  after  the  altitude  is  reached,  we  shall  have 
to  meet  large  stresses 

It  is  impossible  to  save  much  weight  by  a  reduction 
of  the  factor  of  safety;  the  wing  loading  that  we  have 
to  use  is  too  low  for  that.  It  is  hardly  possible  to  con- 
struct any  lighter  than  now.  Also,  the  useful  load  is 
such  a  large  percentage  of  the  total  load  that  a  saving 
in  the  dead-load  will  not  help  much 

Conclusion 

The  Hannover  sailplane  was  the  heaviest  of  all  the 
competitors  in  1921,  at  least  of  those  competitors  that 
flew.  If  all  of  the  features  that  have  been  incorporated 
in  it  are  considered,  it  will  be  understood  that  it  could 
not  be  very  light.  But  it  is  evident  that  the  departures 
from  conventional  practice  brought  more  gain  in  aero- 
dynamical property  than  loss  by  weight. 

The  result  was  a  sailplane  of  very  high  efficiency;  it 
flew  longer  and  higher  and  farther  than  the  other  com- 
petitors. It  flew  longer,  because  it  could  continue  to  fly 
when  the  up-current  had  become  too  slow  for  the  others. 
It  flew  higher,  because  it  could  keep  aloft  in  a  wind  less 
deflected  upward  by  the  hill.  It  flew  farther,  because  it 
had  a  better  gliding-angle.  The  competitors  of  1922  that 
were  next  successful  were  all  very  similar  to  this  type 
of  1921. 

The  Rhoen  meeting  gave  us  the  opportunity  to  try 
radical  departures  from  the  conventional  practice  at  mod- 
erate cost.  These  were  the  football  wheels,  the  body  of 
unusual  form  and  arrangement,  the  large  span,  the  single 
beam  and  the  torque-carrying  plywood-cover.  We  were 
glad  to  be  rewarded  with  the  Kyffhaeuser  prize  for  the 
wing  of  best  design.  Fig.  13  shows  the  sailplane  in 
flight;  and  Fig.  14  is  a  plan  view  giving  dimensions. 

Appendix 
To  find  the  best  chord  for  the  rate  of  descent,  we  trans- 
form the  formula  previously  given  for  w  and  we  have 
iv  =  [V  (2L/ps3)]  [A.cr11  +  (h'-'/v  +  fscr"] 


Differentiating  w  for  c,  and  setting  dw/dc1  =  0,  we  have 

0  =  —  1.5  A,  (C!  —  «■•)  +0.5tt  (<-,_  ")_  0.5  fs  (d  —  •»•) 
We  transform  the  above  equation  to  the  form 

c?It  —  fsd  —  3Ai  =  0 
Solving  this  last  equation  we  have,  for  the  monoplane, 

6,  best  =  ir/2  [/s  ±  V  (,fs"  +  12A1/rr)  ] 
For  the  biplane  with  a  gap-span  ratio  of  1  to  10,  we  re- 
place jc  in  the  equation  just  given  for  cx  best  by  1.2  r..  This 
is  the  upper  limit  for  the  chord. 

To  find  the  best  chord  for  the  gliding  angle,  we  trans- 
form the  formula  previously  given  for  tan  y  and  we  have 

tan  7  =  1/s  [A,  (cc*)  +  ft/ir  +  /s] 
Differentiating  tan  y  for  c,  and  setting  d  tan  t/dc,  =  0, 
we  have 

0  =  — A,  (cr-)  -i-l/T 
We  transform  the  above  equation  to  the  form 

c,7t  —  A,  =  0 
Solving  this  last  equation  we  have,  for  the  monoplane, 

.         i  =  WAi 

For  the  biplane  with  a  gap-span  ratio  of  1  to  10,  we  re- 
place t.  in  the  equation  just  given  for  c,  best  by  1.2  it.  This 
is  the  lower  limit  for  the  chord. 

To  find  the  advisable  chord  for  a  monoplane,  the  glid- 
ing angle  and  the  rate  of  descent  are  determined  for  a 
series  of  chords  between  3.75  and  5.00  ft.,  as  follows 

The  gliding  angle 

tan  7  =  A,/CiS  +  cJts  +  / 

=  1.71/41.3c,  +  c,/41.3ir  +  0.0182 
=  0.0414/c,  +  c/130  +  0.0182 
The  rate  of  descent 

w  =  [V  (2L/p  ds)]  tan  7 
=  [V  (2  X  430  X  422)  /41.3c,]  tan  7 
=  (93.5/Vca)  tan  7 
The  values  for  the  series  of  chords  are  given  in  Table  1. 


TABLE   1 — VALUES  OF  THE   GLIDING  ANGLE   AND  THE  RATE 
OF  DESCENT  FOR  A  SERIES  OF  CHORDS 

Chord  of  Wing 

c 

3  75 

4.0 

4.25 

4.5 

4.75 

5.0 

Apparent  Chord 

ci 

3.75 

4.0 

4.25 

4.5 

4.75 

5.0 

£ 

Parasitic .  .  . 

0.0414/n 

0.0110 

103 

97 

92 

87 

83 

CO 

Induced. .  .  . 

ci/130 

0.0289 

308 

327 

347 

366 

385 

a 

Section 

0.01S2 

0.0182 

182 

182 

182 

182 

182 

Gliding  Angle 

tan7 

0.0581 

593 

606 

620 

635 

650 

to 

2.81 

2.78 

2.75 

2.73 

2.72 

2.72 

The  results  in  Table  1  are  plotted  in  Fig.  15,  io/tan  y. 
A  chord  c  =  4.2  ft.  gives  a  good  result  for  both  w  and 
tan  y,  and  is  still  structurally  reasonable. 

Monoplane  and  Biplane  Comparison 

The  results  with  the  monoplane  are  compared  with 
those  of  biplanes,  as  follows.  The  biplanes  have  a  smaller 
span  and  either  the  same  wing-section  No.  482,  in  which 
/  =  1/55,  or  the  thin  section  No.  427,  in  which  /  =  1/87. 
They  have  an  additional  parasitic-drag  due  to  the  struts 
and  wires.    We  have 

A  Ai=  Number  x  Length  x  Thickness  x  Drag  Coefficient 

This  gives  a  total  parasitic-drag  area  of 


0.056         O058        0.060        0TO61        0.64-         0.G6         0.66 
Fig.  15 — Chart  Showing  the  Gliding  Angle  and  the'  Rate  of 
Descent  for  Various  Chords 


A,  =  A,  0  =  (6.5  x  0.20)  +  (34  x  0.012) 
+  A  Ai  =  +  8x  3.5  x  1/20  x  0.27 
=  —  8x13x1/150x0.40 


Hence,  A,  =  2.36  sq.  ft. 


Sq.  Ft. 
=  1.71 
=  +  0.38 
=  +  0.27 

2.36 
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The  performance  values  of  the  biplane  are  found  in 
the  same  way  as  they  were  determined  for  the  mono- 
plane. For  instance,  the  one  with  Section  No.  427  has 
the  following  values 

/    =  1/87  =  0.0115 

K,j  =  0.9 

c,    —  2  X  0.9  X  c 

s     =36  ft. 

We  have,  for  the  gliding  angle 

tan  7  =  Ai/CiS  +  Ci/lJZrs  +  / 

=  2.36/36C  +  c/1.2  ir  X  36  +  0.0115 
=  0.0656/c,  +  c/136  +  0.0115 


For  the  rate  of  descent,  we  have 

w  —  [ V  (2L/p  c,s)  ]  tan  7 

=  [V    (2x430x422)/(c,x36)]  tan  7 
=  (100.3  x  tan  7) /Vc, 

The  results  are  plotted  also  in  Fig.  15,  together  with 
those  of  the  monoplane,  w/tan  y.  It  develops  that  with 
the  thin  section  No.  427,  a  biplane  of  about  36.2-ft.  span 
and  having  a  2.65-ft.  chord  would  give  the  same  gliding- 
angle  and  the  same  rate  of  descent.  With  the  thick-wing 
section  No.  482,  used  in  the  monoplane,  a  span  of  about 
39.2  ft.  and  a  chord  of  about  2.15  ft.  would  be  required. 


CLOSED-CAR  DEMAND  INCREASING 


THE  marked  trend  toward  an  increased  use  of  closed  cars 
is  indicated  by  the  replies  to  a  questionnaire  recently 
sent  out  by  the  National  Automobile  Chamber  of  Commerce. 
This  was  circulated  among  20,000  car-owners  and  60  per 
cent  of  the  replies  stated  the  buyer's  next  purchase  would 
be  an  enclosed  model.  The  principal  reasons  given  in  the 
replies  were  protection  from  the  weather,  general  comfort, 
all-year  use  and  a  better  appearance.  In  Massachusetts, 
Illinois,  Wisconsin,  Iowa,  California  and  Pennsylvania  the 
vote  for  the  closed  car  was  well  over  60  per  cent  while  in 
the  Southern  States  the  demand  was  less  marked,  only  40 
per  cent  of  the  owners  in  Alabama,  for  example,  being  in 
favor  of  the  closed  car. 

A  large  number  of  the  replies  gave  several  reasons  for 
the  owner's  preference.  Protection  from  the  weather  was 
listed  as  one  of  the  factors  in  44  per  cent  of  the  replies,  al- 
though general  comfort,  which  ranked  next  with  34  per  cent 
of  the  replies,  includes  not  only  protection  from  the  weather 
but  also  freedom  from  dust  as  well  as  easy  riding  qualities. 
In  mentioning  economy,  which  represented  the  main  reason 
in  20  per  cent  of  the  replies,  some  of  the  owners  emphasized 
the  point  that  in  addition  to  being  able  to  use  the  enclosed 
ear  throughout  the  entire  year,  the  expense  of  extra  heavy 
clothing  needed  for  the  open  models  for  use  in  the  winter 
time   was    eliminated.     The    inconvenience   of    side    curtains 


was  mentioned  by  4  per  cent  of  the  owners  preferring  closed 
cars  as  the  reason  why  their  next  purchase  would  be  a  closed 
vehicle. 

On  the  other  hand,  the  answers  to  the  questionnaire  re- 
vealed several  strong  factors  that  will  keep  the  open  models 
in  popular  favor.  These  include  poor  roads  which  was  men- 
tioned by  23  per  cent  of  the  replies  as  being  an  objection  to 
closed  cars;  the  price  differential,  lightness,  safety,  more  air 
and  business  utility.  Although  the  price  differential  is  much 
less  now  than  it  was  2  or  3  years  ago,  16  per  cent  of  the 
replies  gave  this  as  the  reason  for  purchasing  an  open  type 
of  automobile.  Lightness  with  a  resulting  lower  upkeep  cost 
was  emphasized  by  15  per  cent.  Closely  following  these  two 
factors  was  the  unforeseen  argument  of  safety.  In  the  re- 
plies favoring  the  open  car  14  per  cent  of  the  owners  gave 
this  as  a  reason  expressing  a  fear  of  cuts  resulting  from 
broken  glass  and  an  objection  to  being  closed  in  in  case  of 
accident.  The  fresh-air  advocates  were  represented  by  13 
per  cent  of  the  replies  and  10  per  cent  emphasized  the  utility 
of  an  open  car  for  business  use.  The  replies  from  the  farm- 
ing districts  in  particular  indicated  that  the  phaeton  was 
more  of  a  utility  vehicle  as  it  can  be  readily  used  for  cart- 
age and  it  is  also  possible  to  drive  it  over  fields  with  less 
inconvenience  than  would  be  the  case  if  an  attempt  were 
made  with  a  closed  car. 


FRENCH  TEST  OF  PRODUCER-GAS  TRUCKS 


FIRST  prize  in  the  French  gas-producer  trials  has  been 
won  by  the  British  entrant,  the  Thornycroft  suction  gas 
vehicle.  The  six  competing  trucks  used  four-cylinder  engines 
designed  to  run  on  gasoline.  Four  of  the  trucks  employed 
charcoal  as  fuel ;  the  other  two,  a  mixture  of  one-fifth  char- 
coal and  four-fifths  wood. 

The  competition  showed  that  with  an  engine  designed  for 
gasoline,  there  was  a  loss  of  power  when  gas  was  substituted. 
Taking  the  power  of  the  gasoline  engine  as  1,  with  producer 
gas  the  power  would  drop  to  between  0.50  and  0.73  if  the 
engine  were  not  altered  in  any  way,  and  to  between  0.70  and 
0.90  if  changes  were  made  in  the  compression,  size  of  valves 
or  areas  of  valve-openings  and  gas  passages.  It  has  been 
considered  that  the  results  of  the  trials  show  that  there  is 
an  economy  of  25  per  cent  in  the  use  of  gas  compared  with 
gasoline. 

The  Thornycroft  powerplant  differs  essentially  from  others 
on  the  market  in  one  or  two  features.  The  steam  is  pro- 
duced in  a  separate  generator,  which  is  not  attached  to  the 
producer,  by  heat  from  the  engine  exhaust  on  the  principle 
that  the  heat  of  the  exhaust  gases  must  necessarily  be  pro- 


portionate to  the  power  developed,  and  thus  the  amount  of 
steam  can  be  made  proportionate  to  the  working.  This 
generator  can  be  detached  from  the  engine  and  entirely  taken 
to  pieces  for  cleaning,  which  is  a  point  of  very  great  impor- 
tance. The  Thornycroft  powerplant  is  intended  primarily 
for  use  with  the  chassis  of  the  British  War  Office  pattern, 
known  as  the  J  type,  and  is  designed  as  an  integral  part  of 
the  machine.  Consequently,  every  part  is  easily  accessible, 
in  no  way  interfering  with  the  fitting  of  an  ordinary  cab 
or  body  and  detracting  but  little  from  the  appearance  of 
the  vehicle.  Moreover,  the  weight  can  be  cut  down  to  a 
minimum. 

Generally  speaking,  the  engine  can  be  started  on  gas  in 
less  than  10  min.  from  cold,  after  which  it  is  said  that 
the  car  can  be  left  standing  for  an  indefinite  period,  the 
engine  idling,  with  a  certainty  of  starting  away  as  soon  as 
the  throttle  is  opened,  whatever  the  load. 

No  water  is  used  for  the  cleaning  or  scrubbing  of  the 
gases,  and  cleaning  is  thereby  much  simplified,  while  the 
possibility  of  any  corrosion  »r  electrolytic  action  taking  place 
is  eliminated. 
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V/f  R.  KETTERING  mentions  present  practice  with 
■*•"■*■  regard  to  engineering  education  and  states  that 
there  is  beginning  to  be  a  realization  that  such  a  great 
amount  of  specialization  is  not  necessarily  accomplish- 
ing the  best  results.  He  makes  a  plea  for  greater  con- 
sideration by  the  engineer  of  the  two  fundamental  fac- 
tors, the  economic  determination  of  the  details  of  de- 
sign and  the  appeal  to  the  final  purchaser  as  being 
pleasing  to  him  in  performance,  comfort  and  utility, 
because  the  difference  between  present  and  former 
automobiles  is  not  in  principle  but  in  the  way  the 
materials  used  are  arranged  with  respect  to  each  other. 
Following  a  brief  general  discussion  of  the  transfer 
of  energy  in  which  he  also  advocates  making  a  greater 
use  of  research  methods  and  the  data  obtained  in  other 
lines  of  endeavor,  Mr.  Kettering  then  comments  upon 
some  of  the  constituents  of  car  development,  placing 
emphasis  upon  the  necessity  of  providing  an  appeal  to 
the  user,  and  concludes  his  paper  with  a  brief  resume 
of  cost  considerations. 

THERE  is  a  marked  similarity  between  the  prob- 
lems now  confronting  automotive  engineers  and 
their  reaction  to  them,  and  the  problems  in  front  of 
the  engineers  of  every  other  phase  of  engineering.  This 
condition  is  so  general  that  those  in  charge  of  engineering 
education  are  giving  more  study  to  the  organization  of 
their  courses,  and  are  questioning  the  values  of  the  sub- 
jects taught  and  the  methods  of  teaching  them  in  a  way 
that  has  not  occurred  for  many  years.  This  is  the  gen- 
eral condition  of  all  engineering  schools  and  must  be 
considered  as  a  reflection  of  the  condition  that  all  types 
of  engineers  are  being  called  upon  to  meet. 

At  the  present  time,  engineering  education  is  very 
highly  specialized.  Young  men  intending  to  go  into  one 
branch  of  engineering  take  different  courses  from  differ- 
ent instructors  than  other  men  in  the  same  institution 
who  are  expecting  to  go  into  engineering  work  that  is 
classified  as  being  slightly  different.  There  is  beginning 
to  be  a  realization  that  this  large  amount  of  specializa- 
tion is  not  necessarily  accomplishing  the  best  results. 

The  undergraduate  has  a  smattering  of  details  apply- 
ing to  his  own  specialty,  these  details  being  usually  out- 
ofdate  before  he  is  in  a  position  of  sufficient  responsi- 
bility to  be  able  to  apply  them;  and,  too  frequently,  he 
does  not  see  the  general  foundation  upon  which  he  works, 
which  is  really  the  foundation  on  which  all  engineering 
work  is  done. 

When  we  look  at  the  problems  that  the  engineer  has  to 
meet  today,  we  find,  finally,  when  we  judge  his  work,  that 
the  thing  which  he  has  really  done  is  simply  a  rearrange- 
ment of  the  material  used.  The  difference  between  the 
automobile  of  today  with  its  high  degree  of  performance 
and  the  automobile  of  1904,  is  not  a  difference  in  prin- 
ciple, but  a  difference  in  the  way  the  materials  used  are 
arranged  with  respect  to  each  other.  This  involves  not 
only  a  reproportioning  of  parts,  but  also,  to  a  much 
larger  extent  than  we  usually  realize,  the  rearrangement 
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of  the  molecules  that  go  to  make  up  the  materials  from 
which  these  parts  are  made.  We  have  new  materials  to- 
day, and  can  get  the  same  materials  at  a  lower  price 
which  were  not  available  to  the  engineer  of  1904  and,  as 
a  result,  we  can  get  a  new  and,  in  our  opinion,  a  better 
result  by  taking  advantage  of  the  situation.  When  the 
engineer  begins  to  rearrange  these  materials,  he  has  two 
factors  of  fundamental  importance  to  keep  in  mind  and, 
if  he  fails,  it  will  be  because  he  has  neglected  to  take  the 
proper  account  of  one  or  the  other.  The  first  factor  is, 
the  economic  determination  of  the  details  of  the  design ; 
that  is,  the  arrangement  of  the  proportion  of  the  parts 
in  their  relation  to  each  other,  so  that  the  performance 
specifications  are  met  with  the  least  amount  of  material 
which  has  been  subjected  to  a  minimum  cost  of  fabrica- 
tion. 

It  is  not  enough,  however,  to  have  produced  the  most 
economical  design,  if  that  completed  design  does  not  ap- 
peal to  the  final  inspector,  the  final  purchaser,  as  being 
pleasing  to  him  in  performance,  in  comfort  and  in  utility. 
A  designer  may  accomplish  some  wonderful  feat  of  per- 
formance in  the  design  of  an  automobile;  but  if  this  per- 
formance does  not  bring  any  satisfaction  to  the  owner 
of  the  vehicle,  or  if  this  performance  cannot  be  obtained 
without  discomfort  to  himself,  or  sometimes,  what  is  of 
more  importance,  without  pleasure  to  his  wife,  he  will 
not  buy  the  product  and  the  design  will  be  a  failure. 

When  the  engineer  commences  to  study  the  possible 
rearrangement  of  material  that  will  enable  him  to  obtain 
a  better  or  more  economical  result,  he  must  first  remem- 
ber that  materials  are  used  in  general  for  two  purposes. 
The  first  of  these  is  to  prevent  motion ;  and  the  action 
of  the  material  may  be  considered  as  mainly  static.  A 
bridge  or  the  frame  of  a  machine  obviously  is  of  this 
type ;  the  main  purpose  of  the  frame  of  the  automobile 
is  to  prevent  relative  motion  of  the  various  parts.  The 
other  use  of  materials  is  to  facilitate  motion  or,  perhaps, 
better  to  guide  motion  and  to  transmit  energy.  The 
automobile,  as  a  complete  assembly,  is  of  this  type;  but 
within  the  automobile,  the  piston  is,  of  course,  a  piece 
of  material  used  to  transmit  the  motion  of  the  expanding 
gases  in  such  a  way  that  the  motion  of  the  car  itself  can 
be  obtained  from  it. 

Transfer  op  Energy 

All  transfers  of  energy  involve  the  product  of  a  force 
and  a  velocity.  The  velocity,  obtained  as  a  result  of  the 
action  of  the  farce,  is  limited  always  by  two  factors:  (a) 
the  resistance  to  the  overcome  and  (b)  the  inertia  to  be 
accelerated.  After  the  motion  has  become  uniform,  the 
only  factors  involved  are  the  applied  force  and  the  re- 
sistance restraining  the  motion  due  to  that  force. 

The  electrical  engineer  is  early  taught  Ohm's  Law.  .  It 
is  that  the  current  is  equal  to  the  voltage  divided  by  the 
resistance  and  we  write  it  thus,  /  =  E  R.  We  look  at 
that  as  a  statement  of  a  law  applied  to  the  electrical 
engineer  only  and  too  often  forget  that  it  is  a  law  of 
universal  application  and  might  simply  be  stated,  veloeity 
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equals  force  applied,  divided  by  resistance  to  motion. 
This  is  the  equation  that  determines  the  maximum  speed 
obtainable  from  an  automobile  and  is  just  as  true  on  the 
road  or  on  the  racetrack,  as  is  Ohm's  Law  in  the  elec- 
trical circuit. 

The  question  of  how  fast  energy  can  be  transferred 
from  one  point  to  another,  or  from  one  body,  say,  a  mass 
of  flaming-  gases  in  an  automobile  cylinder,  to  the  energy 
dissipated  in  the  air  and  on  the  road  by  the  speeding 
car,  depends  entirely  upon  the  properties  of  the  materials 
involved  and  their  arrangement.  These  properties  are 
inertia,  elasticity,  and  resistance  to  relative  motion,  which 
we  call  friction. 

Too  often  the  engineer  does  not  understand  the  mean- 
ing of  inertia.  Very  early  when  studying  physics,  he  had 
considerable  trouble  with  a  subject  called  the  laws  of 
gravitation,  and  too  often  he  did  not  realize  when  study- 
ing these  that  what  he  was  really  studying  was  the  laws 
of  accelerated  motion,  in  the  special  case  where  the  accel- 
erating force  is  the  attraction  of  the  earth;  and  that  the 
really  important  things  he  could  get  from  this  had  only 
incidentally  to  do  with  gravitation  and  with  weight ;  that 
the  important  things  were  foi'ce,  inertia  and  the  resultant 
motion  coming  from  the  application  of  the  force  to  the 
inertia  under  different  conditions  as  to  frictional  re- 
straint. It  would  not  have  taken  us  nearly  as  long  to 
work  from  the  design  of  1904  to  a  design  similar  to  that 
of  1922,  if  the  fundamental  importance  of  these  factors 
in  every  energy  translation  had  been  realized. 

It  will  be  worthwhile  to  digress  for  a  moment  and  point 
out  how  scientists  working  in  one  line  of  research  have 
had  to  take  account  of  the  methods  and  the  information 
available  in  other  lines  to  accomplish  the  results  that  are 
being  accomplished  today.  The  general  public  thinks  of 
the  Mount  Wilson  Observatory  as  a  place  where  men 
spend  their  time  watching  the  stars  with  great  telescopes. 
There  is,  of  course,  today  a  great  amount  of  cataloging 
and  study  of  motions  going  on,  which  was  the  only  work 
of  the  early  astronomer;  but  by  far  the  greater  part  of 
the  work  of  an  institution  of  that  kind  is  along  lines  that 
the  early  astronomer  never  dreamed  of  and  would  have 
considered  ridiculous  had  anyone  been  able  to  tell  him 
of  them. 

What  they  are  doing  at  Mount  Wilson  today  is  study- 
ing the  spectrum  of  the  elements  under  all  conditions  of 
pressure  and  motion;  under  all  conditions  as  to  magnetic 
and  electrostatic  fields  that  they  are  able  to  devise.  The 
motion  of  the  stars  is  determined  by  photographs,  taken 
from  time  to  time,  which  can  be  compared  at  the  con- 
venience of  the  astronomer.  The  work  of  mapping  the 
heavens  has  been  greatly  simplified  by  the  use  of  photog- 
raphy, and  the  energies  of  the  astronomer  released  to 
permit  attacking  problems  involving  the  structure  of  mat- 
ter. The  solution  of  these  problems  will  have  a  very 
great  effect  in  everyday  life.  The  methods  that  are  being 
used  are  methods  developed  by  the  physicist  and  the 
physical  chemist,  and  are  very  far  removed  from  the 
methods  that  were  used  by  the  astronomer  of  a  few 
decades  ago.  The  automotive  engineer  must  follow  the 
lead  of  the  astronomer  and  borrow  other  methods  to  sup- 
plement those  he  has  used  up  to  this  time,  if  he  is  to 
progress  as  he  must  to  meet  the  new  conditions. 

Returning  to  our  question  of  falling  bodies,  we  find 
that  the  so-called  laws  of  falling  bodies  are  really  laws 
of  the  transfer  of  energy,  involving  the  application  of 
force  to  inertia.  The  potential  energy  that  a  body  for- 
merly had  by  reason  of  its  position  is  transferred  to  the 
inertia  energy  it  has  by  reason  of  its  motion.  If  the 
body  falls  through  a  dense  fluid  like  water,  the  velocity 


is  much  less  than  if  it  falls  through  the  air,  and  this 
velocity  soon  becomes  uniform,  the  velocity  being  deter- 
mined by  the  formula  V  =  F/R,  just  as  in  the  case  of  the 
electric  circuit,  where  /  =  E/R.  If  the  body  is  restrained 
by  an  elastic  element  such  as  a  spring,  we  have  energy 
stored  in  this  spring,  just  as  we  have  energy  stored  in 
an  electric  condenser.  If  the  energy  is  applied  or  released 
abruptly,  we  get  an  oscillation  in  either  case.  The  re- 
bound that  throws  you  into  the  top  of  the  car,  is  the 
same  kind  of  a  thing  as  the  electric  rebound  that  sends 
out  the  wireless  signal ;  and  the  same  formula  can  be 
used  in  computing  both  phenomena,  if  we  use  the  proper 
constants  for  the  different  cases. 

When  we  make  a  tensile-strength  test  we  are  merely 
measuring  the  molecular  attraction  between  molecules 
in  the  metal.  The  coefficient  of  elasticity,  the  tensile- 
strength,  the  density,  are  only  bits  of  evidence  as  to  the 
structure  of  the  material  and  the  nature  of  the  forces 
holding  the  parts  together.  We  cannot  yet  interpret  all 
of  this  evidence,  but  we  must  learn  to  do  so,  so  that  not 
only  our  sciences  may  progress,  but  also  our  own  automo- 
tive progress  continue. 

Car-Development  Constituents 

The  car  of  1922  differs  from  the  car  of  1909  only  in 
changes  in  the  proportions  of  the  parts,  and  in  the  rela- 
tionship of  the  forces  and  materials.  The  car  of  1930 
will  differ  from  the  car  of  today  only  in  the  same  way. 
It  is  possible  to  point  out  some  of  the  problems  that  will 
be  solved  completely,  or  in  part,  in  the  near  future.  These 
problems  will  be  solved  by  the  measurement  of  these  rela- 
tionships, and  the  determining  of  better  proportions. 

Take  spring-suspensions  and  shock-absorbers,  for  ex- 
ample. When  the  wheel  hits  a  bump  in  the  road,  the 
wheel  starts  to  oscillate  under  the  body  and,  if  the  oscil- 
lation persists,  the  body  will  take  up  motion  as  a  result. 
Strike  a  bell,  and  the  bell  begins  to  vibrate,  just  as  the 
wheel  vibrates ;  and  if  we  touch  our  finger  to  the  bell 
the  vibration  stops.  All  the  shock-absorber  can  do  is  the 
same  thing,  and  the  problem  is  to  apply  this  resistance 
without  interfering  with  the  useful  operation  of  the 
spring.  If  we  have  too  much  resistance  in  our  wireless 
apparatus,  it  will  not  oscillate.  In  this  case  the  resistance 
is  injurious,  as  it  interferes  with  the  normal  operation, 
but  its  action  is  exactly  the  same  as  the  action  of  the 
shock-absorber. 

Just  recently  we  were  shown  a  model  of  car  made  by  a 
certain  manufacturer ;  the  engineer  of  this  factory  stated 
that  this  particular  model  was  absolutely  the  best-riding 
car  they  had  ever  produced,  and  they  could  not  tell  why. 
The  reason  they  could  not  tell  was  that  they  had  not  meas- 
ured the  fundamental  relations  that  contribute  to  good 
riding. 

What  we  need  is  more  analysis  of  fundamentals  and 
less  invention.  If  we  do  not  have  a  new  inventor  with  a 
spring  wheel  come  to  the  laboratory  every  week,  we  think 
something  is  wrong.  If  these  inventors  would  analyze 
the  situation,  they  would  see  that  they  were  under  an 
enormous  handicap  so  far  as  competing  with  the  pneu- 
matic tire  is  concerned.  When  a  pneumatic  tire  runs 
over  a  small  bump  in  the  road,  the  rim  of  the  wheel  and 
car  proceed  without  being  diverted  from  their  path  and 
without  disturbance  to  the  passenger.  It  is  only  neces- 
sary to  move  a  small  amount  of  rubber  out  of  the  path 
it  would  have  followed,  the  energy  involved  is  small,  and 
the  resulting  shock  is  very  small.  When  the  solid  rim  of 
the  spring  wheel  strikes  the  same  bump,  it  is  forced  to 
deflect,  and  therefore  accelerate  a  very  much  larger  mass, 
resulting  in  the  transfer  of  a  much   larger  amount  of 
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energy,  and  naturally  a  much  greater  shock  to  the  vehicle 
and  its  passengers. 

We  shall  see  some  real  progress  in  riding  qualities  in 
the  near  future.  Today  the  automobile  salesman  will  tell 
you  how  the  engine  in  his  car  will  go  1000  or  1500  miles 
on  a  gallon  of  oil.  When  you  buy  the  car  you  get  an 
instruction  book  which  tells  you  to  drain  the  oil  every 
300  miles.  You  expect  to  discount  what  an  automobile 
salesman  tells  you  a  little,  but  you  do  not  expect  to  have 
to  use  so  high  a  discount  factor  as  this. 

The  gasoline  we  have  today  with  an  end-point  of  440 
deg.  fahr.  is  very  different  from  the  fuel  of  the  early 
automotive  days.  It  really  is  not  so  much  worse  as  a 
fuel  than  former  gasolines,  as  it  is  different;  and  we 
must  learn  to  use  it  efficiently.  We  can  do  this.  We  know 
enough  about  fuels,  and  methods  of  using  them,  to  get 
very  much  better  results  out  of  the  present-day  fuels 
than  were  obtained  with  the  fuels  of  10  years  ago.  It  is 
only  necessary  to  build  our  knowledge  into  our  new 
engines.  Our  problem  is  to  do  this  in  the  simplest  and 
most  direct  manner,  and  in  such  a  way  that  the  user  will 
be  least  conscious  of  the  change. 

This  brings  us  back  to  a  point  mentioned  before,  to 
which  we  must  always  give  attention;  the  all-important 
question  of  providing  an  appeal  to  the  user  in  our  pro- 
duct. It  is  of  no  profit  to  an  engineer  and  a  manufac- 
turer to  produce  a  car  that  has  more  speed  than  any 
other,  or  will  do  more  stunts  than  its  competitors,  if  the 
public  does  not  see  at  once  a  real  gain  in  utility,  in  com- 
fort to  the  user.  If  this  gain  is  not  evident,  the  public 
will  go  on  buying  cars  of  the  older  design,  and  be  entirely 
right  in  doing  so.  It  is  sometimes  better  to  go  forward 
slowly,  than  to  try  to  go  too  fast.  Some  of  you  may 
remember  that  the  first  single-cylinder  cars  had  whip- 
sockets  on  a  dash  that  was  no  longer  needed,  for  the 
arrangement  of  the  car  was  very  different  than  now. 
The  public  was  used  to  seeing  whipsockets  on  dashes,  and 
bought  vehicles  so  equipped  with  less  hesitation  than 
other  types.     This  may   be  very  extreme,  but   it  illus- 


trates a  very  human  reaction  toward  change,  and  we 
must  take  account  of  this  as  we  meet  the  problems  of 
comfort  and  good  riding,  and  the  efficient  use  of  oil  and 
fuel. 

Cost  Considerations 

I  will  close  by  pointing  out  once  more  that  these  prob- 
lems must  be  solved  at  a  minimum  cost.  All  engineers 
realize  that  costs  must  be  kept  down  and  all  engineers 
believe  that  they  are  taking  account  of  costs.  As  a  mat- 
ter of  fact,  they  are  not  giving  enough  thought  to  the 
most  important  cost  of  all,  the  so-called  overhead  cost. 
Many  engineers  are  not  studying  it  at  all,  not  realizing 
that  they  are  determining  what  the  minimum  overhead- 
cost  of  manufacturing  is  to  be  when  they  lay  out  their 
designs.  Costs  are  divided  into  three  factors ;  labor,  ma- 
terial and  overhead.  If  our  designs  contain  details  re- 
quiring special  tooling  or  elaborate  systems  of  inspection 
to  secure  the  results  desired,  we  have  specified  a  high 
manufacturing  overhead  on  our  drawings,  and  our  total 
costs  will  be  high  in  spite  of  any  effort  we  can  make  to 
reduce  materials  or  the  direct  labor.  When  a  piece  is 
laid-out  on  the  drawing-board,  that  is  the  time  the  method 
of  manufacture  should  be  worked  out.  For  a  given  pro- 
duction-schedule, the  tools  required,  the  floor-space  and 
the  materials  in  process  of  manufacture  can  be  deter- 
mined, and  what  our  capital  investment  is  will  be  known. 
The  losses  in  manufacture  and  the  supervisory  force  are 
fixed  by  the  number  of  operations  and  their  difficulty. 
It  may  seem  that  the  engineer  is  reaching  out  a  little 
beyond  his  own  field  in  attempting  to  analyze  the  over- 
head but,  so  long  as  the  cost-accountants  figure  over- 
head as  a  fixed  percentage,  someone  will  have  to  get  into 
the  elements  of  this  cost,  if  we  are  ever  to  reduce  it; 
and  we  must  reduce  it.  It  is  not  reasonable  to  hold  the 
engineer  responsible  for  the  overhead  actually  existing  in 
many  factories,  but  he  does  specify  what  the  minimum 
overhead  can  be  for  a  given  production  schedule,  and  he 
must  accept  the  responsibility  involved. 
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Automobile  Finishing -Varnish 


By  L.  Valentine  Pulsifer1 


Annual  Meeting  Paper 


AS  the  success  or  failure  of  the  finish  of  an  automo- 
bile depends  largely  on  the  finishing-varnish,  a  plea 
is  made  for  more  scientific  analyses  of  the  problems  of 
automobile  finishing  and  more  care  in  selecting  and 
applying  a  suitable  varnish.  The  qualities  to  be  de- 
sired in  a  finishing-varnish  are  divided  into  two  classes: 
the  shop  qualities  and  the  service  qualities.  The  shop 
qualities  include  color,  body  or  viscosity,  working,  flow- 
ing, setting,  hardening,  fulness  and  the  safety  of  work- 
ing. The  service  qualities,  or  those  that  enable  the 
varnish  to  withstand  the  various  conditions  of  use, 
include  resistance  to  break-down  under  the  chemical 
action  of  the  actinic  rays  of  sunlight,  to  the  destructive 
action  of  moisture  and  the  alkalis  in  mud  and  soap,  to 
expansion  and  contraction,  to  vibration  and  to  abra- 
sion. The  three  most  important  factors  in  estimating 
the  service-giving  qualities  of  varnish  are  said  to  be 
elasticity,  moisture-resistance  and  the  film  factor. 
Each  of  the  various  terms  mentioned  is  carefully  de- 
fined, analyzed  and  explained.  Among  the  constants 
that  must  be  determined,  either  for  checking  uni- 
formity or  for  use  as  bases  of  tests,  are  the  non-vola- 
tile content,  which  is  the  starting-point  in  the  test  for 
elasticity  and  in  computing  the  film  factor  or  thickness 
of  the  dried  film;  the  ash,  the  flash-point,  and  the 
acid  number.  An  empirical  formula  is  derived  by  which 
the  thickness  of  the  dried  film  can  be  estimated  with 
accuracy;  and  in  a  series  of  appendixes  the  details  are 
given  concerning  tests  for  the  drying,  the  safety  of 
working,  non-volatile  content,  ash,  flash-point  and  acid 
number;  the  Kauri  reduction  test;  and  tests  for  mois- 
ture and  alkali  resistance. 

LAST  year  before  the  Society  of  Automotive  Engi- 
neers and  the  Automobile  Body  Builders  Asso- 
ciation I  discussed  the  Manufacture  and  Appli- 
cation of  Automobile  Varnishes  and  Paints2  and  Some 
Problems  in  Automobile  Finishing.3  These  two  talks 
covered  the  basic  principles  of  the  manufacture  of  var- 
nishes and  paints  and  the  fundamental  engineering  prob- 
lems involved  in  the  building  of  a  successful  automobile- 
finish.  At  the  conclusion  of  the  second  of  these  talks  I 
made  the  following  statement: 

I  hope  the  points  and  problems  I  have  discussed  will 
arouse  a  greater  desire  to  study  this  particular  field 
of  automotive  engineering,  both  on  the  part  of  the 
automotive  industry  and  on  the  part  of  the  paint  and 
varnish  industry.  A  scientific  study  of  the  problems 
involved,  by  as  many  qualified  groups  as  possible,  will 
yield  ample  dividends  of  satisfaction  to  all  concerned. 

This  plea  for  cooperative  effort  along  the  lines  sug- 
gested has  roused  considerable  interest;  and  an  attempt 
is  being  made  to  substitute  knowledge  for  the  hit-or-miss 
methods  that  in  the  past  have  been  all  too  prevalent. 
With  a  desire  to  assist  in  establishing  automobile  finish- 
ing on  sound  engineering  principles  I  shall  take  up  the 
subject  of  automobile  finishing-varnish  in  greater  detail 
than  time  permitted  in  the  two  talks  mentioned  above. 

Automobile  Finishing-Varnish 

Assuming  that  the  undercoats  of  an  automobile-paint- 
ing system  have  been  properly  selected  and  applied  and 


1  Chief  chemist,  Valentine  &  Co.,  New  York  City. 

2  See  The  Journal,  January,  1922,  p.  12. 

s  See  Automotive  Manufacturer,  August.  1922,  p.  26. 
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that  the  finished  car  will  receive  intelligent  and  proper 
care  from  its  prospective  owner,  the  success  or  failure 
of  the  finish  will  depend  on  the  finishing-varnish. 

The  fact  that  the  finish  of  many  automobiles,  even 
those  of  the  highest  grade,  does  not  last  so  well  as  did  the 
finish  on  the  fine  carriages  of  a  generation  or  two  ago, 
has  led  some  persons  to  believe  that  the  general  quality 
of  finishing-varnishes  has  deteriorated.  Such  a  conclu- 
sion is  the  reverse  of  the  truth,  for  it  is  possible  today 
to  obtain  varnishes  of  far  greater  durability  and  much 
greater  resistance  to  abuse  than  could  be  obtained  from 
25  to  50  years  ago.  The  conclusion,  however,  is  not  un- 
natural if  one  does  not  consider  that  the  finish  on  an 
automobile,  even  with  normal  use,  undergoes  a  treatment 
that  the  carriage  finish  would  never  have  received,  and 
that  thousands  of  automobiles  are  finished  with  var- 
nishes that  in  the  days  of  the  carriage  would  hardly  have 
been  used  even  for  quick  cheap  repair  work.  When 
speed,  cheapness  and  the  need  of  covering-up  defects  in 
the  rubbing-coats  are  the  compelling  motives,  finishing- 
varnishes  sometimes  are  used  that  hardly  exceed  in 
durability  a  good  elastic  rubbing-varnish;  but  this  prac- 
tice usually  is  due  to  a  lack  of  knowledge  of  the  conse- 
quences involved.  Even  when  these  are  not  the  deter- 
mining factors,  a  finishing-varnish  frequently  is  used 
that  represents  perhaps  a  scant  25  per  cent  of  the  maxi- 
mum durability  obtainable.  Here,  again,  a  lack  of  knowl- 
edge is  involved,  which,  if  it  existed  in  the  whole  field  of 
automotive  engineering,  would  doom  the  automobile  to 
hopeless  failure.  The  use  of  a  finishing-varnish  with 
rubbing-varnish  elasticity  is  about  on  a  par  with  the  use 
of  cast  iron  for  crankshafts,  or  white  pine  for  spokes. 

It  is  my  purpose  to  describe  the  qualities  required  of  a 
successful  automobile  finishing-varnish  and  the  methods 
of  determining  whether  these  qualities  exist  in  any  given 
varnish. 

Qualities  to  Be  Desired 

The  most  desirable  qualities  of  an  automobile  finish- 
ing-varnish must  be  determined  by  the  automotive  and 
varnish  industries  jointly,  for  each  understands  best  the 
limitations  under  which  it  has  to  operate.  Compromises 
must  be  made  between  what  is  desirable  and  what  is  pos- 
sible. This  is  true  of  varnish  as  well  as  of  steel,  leather 
and  other  automotive  materials ;  and  it  is  only  when  both 
parties  desire  to  produce  the  best  that  the  ultimate  in 
automobile  finishing  can  be  obtained.  The  selection  of 
the  finishing-varnish  best  suited  to  a  given  car,  a  given 
production-schedule  and  a  given  method  of  application 
must  be  made  after  a  combined  study  by  the  varnish 
manufacturer  and  the  automobile  builder. 

To  do  this  without  great  waste  of  both  time  and  ma- 
terial, rapid  methods  of  estimating  must  be  used  and  the 
results  of  such  estimating  must  be  intelligently  inter- 
preted. The  important  qualities  for  convenience  may 
be  divided  into  two  classes:  (a)  shop  qualities  and  (b) 
service  qualities ;  these  will  be  taken  up  separately. 

Shop  Qualities 

Shop  qualities  include  color,  body  or  viscosity,  work- 
ing, flowing,  setting,  hardening,  fullness  and  the  safety 
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of  working.  To  estimate  them  satisfactorily  is  easier 
than  to  estimate  the  service-qualities  of  an  unknown  var- 
nish ;  and  some  of  the  qualities  such  as  working,  flowing, 
setting,  hardening  and  the  fullness  of  finish  can  be  de- 
termined best  in  the  shop  itself  under  average  shop  con- 
ditions. By  "working"  is  meant  the  possession  of  the 
proper  working-properties  for  the  method  of  application 
it  is  desired  to  use,  whether  by  brush  or  by  flow-coat.  By 
"flowing"  is  meant  the  ability  to  flow-out  properly  with- 
out runs,  sags,  curtains  or  brush-marks,  and  yet  to  re- 
tain a  suitable  body  of  varnish  on  the  finished  surface. 
By  "setting"  is  meant  the  ability  to  set  slowly  enough 
to  allow  the  entire  surface  to  become  smooth  and  yet 
fast  enough  to  prevent  too  long  a  flow,  which  sometimes 
permits  the  varnish  to  run  over  a  molding  or  from  an 
upper  panel  to  a  lower  one.  The  "hardening"  and  "full- 
ness" are  estimated  most  easily  on  a  body  run  through 
on  the  regular  production-schedule,  but  the  quality  of 
hardness  can  also  be  determined  satisfactorily  by  a  labor- 
atory test  that  duplicates  shop  drying  conditions.  The 
"safety  of  working,"  that  is,  the  ability  of  the  varnish 
to  act  properly  under  adverse  shop  conditions,  is  hardly 
an  important  factor  in  a  modern  automobile-plant.  For 
drying  and  safety-of-working  tests,  see  Appendix  1. 

The  two  other  shop  qualities  enumerated  above,  color 
and  body  or  viscosity,  are  best  estimated  by  using  the 
Gardner-Holdt  viscometer,  an  instrument  developed  in 
the  research  laboratory  maintained  in  the  City  of  Wash- 
ington by  the  National  Varnish  Manufacturers  Associa- 
tion. This  is  a  bubble  viscometer  consisting  of  a  series 
of  20  tubes  standardized  as  to  internal  diameter  and 
filled  with  standardized  compounded  petroleum  oils. 
These  oils  vary  in  color  and  in  viscosity;  and  each  tube, 
marked  A,  B,  C,  D,  and  the  like,  contains  an  oil  Vz  bub- 
ble more  heavily  bodied  than  the  preceding,  and  a  shade 
darker  in  color.  In  10-tube  sets  the  variation  between 
one  tube  and  the  next  is  one  full  bubble,  which  provides 
close  enough  gradation  in  both  viscosity  and  color  for 
the  automotive  laboratory.  It  takes  a  difference  of  more 
than  one  full  bubble  before  the  difference  in  viscosity  will 
become  noticeable  under  shop  conditions.  Each  viscom- 
eter is  provided  with  several  extra  standardized  tubes  in 
which  are  placed  the  varnishes  to  be  tested. 

The  color  determination  should  be  made  by  placing 
the  tube  filled  with  the  varnish  and  the  different  tubes 
of  the  viscometer,  one  at  a  time,  close  together,  and  look- 
ing through  them  by  transmitted  light,  preferably  day- 
light. If  the  color  of  the  varnish  matches  the  tube  D, 
or  is  between  C  and  D,  its  color  can  be  recorded  as  "D" 
or  "C-D."  Other  things  being  equal,  the  paler  a  varnish 
is  the  better  it  is,  especially  when  the  preservation  of 
the  purity  of  tone  of  light  or  brilliant  colors  is  desired. 
It  is  convenient  to  use  these  same  standard  tubes  of  the 
Gardner-Holdt  viscometer,  which  in  color  cover  the  range 
of  clear  automobile  varnishes,  for  reading  the  color  of  a 
given  varnish. 

The  viscosity  is  determined  by  holding  the  tube  con- 
taining the  varnish  and  one  of  the  tubes  of  the  viscometer 
exactly  parallel  in  a  vertical  position  and  then  rapidly 
reversing  the  tubes.  When  the  tube  of  the  set  is  found 
in  which  the  rate  of  travel  of  the  bubble  is  exactly  the 
same  as  in  the  tube  of  varnish,  the  viscosity  of  the 
varnish  is  read  as,  say,  F-1.40  poises,  the  poises,  or  meas- 
ure of  absolute  viscosity,  having  been  determined  for  the 
different  tubes  of  the  viscometer.  This  test  should  be 
made  carefully  to  avoid  any  differences  of  temperature  in 
the  tubes  of  varnish  or  oil  and  the  temperature  prefer- 
ably should  not  .vary  more  than  1  deg.  above  or  below  77 
deg.  fahr. 


As  different  methods  of  application  and  varying  shop 
conditions  and  temperatures  demand  varnishes  of  differ- 
ent viscosities,  the  method  and  the  apparatus  outlined 
above  are  the  best  and  most  practical  that  have  been 
devised. 

The  statement  that  some  shop  qualities  can  best  be 
tested  in  the  shop  itself  should  be  qualified  by  saying 
that  if  the  tests  are  so  made  they  should  be  under  ade- 
quate technical  supervision  and  carefully  checked  by  the 
engineering  department  to  assure  standardized  conditions 
and  authentic  records.  The  subject  of  service  qualities 
falls  almost  entirely  within  the  laboratory. 

Service  Qualities 

By  service  qualities  are  meant  the  qualities  that  deter- 
mine the  ability  of  a  varnish  to  give  service,  that  is,  to 
stand  up  under  the  numerous  varying  conditions  of  auto- 
mobile use.  Before  deciding  what  these  qualities  are  it 
is  necessary  to  understand  the  causes  of  the  final  break- 
down that  comes  eventually  to  all  varnishes.  The  most 
important  is  the  chemical  action  of  the  sun's  rays,  that 
is,  the  actinic  rays  of  sunlight.  These  slowly  break- 
down the  vegetable  compounds  in  the  dried  film  of  var- 
nish and  promote  progressive  oxidation  or  "rotting," 
thereby  causing  a  gradual  loss  of  elasticity.  When  the 
elasticity  of  the  film  is  reduced  below  that  which  is  neces- 
sary to  withstand  the  expansion  and  contraction  of  the 
surface  underneath,  and  the  vibration,  small  cracks  ap- 
pear and  the  final  break-down  approaches. 

The  importance  of  the  chemical  rays  in  sunlight,  as  the 
prime  factor  in  the  destruction  of  finishing-varnish,  is 
evident  when  one  observes  the  perishing  of  decks  and 
cowls  long  before  the  more  nearly  vertical  panels  of  the 
body.  The  surface  that  gets  the  sun's  rays  most  nearly 
perpendicularly  will  perish  first ;  in  fact,  on  test  exposure- 
panels,  a  panel  exposed  at  an  angle  of  45  deg.  from  the 
vertical  facing  south  will  perish  in  about  one-half  the 
time  of  an  exactly  similar  panel  exposed  vertically,  and  a 
panel  exposed  vertically  facing  north  will  last  approxi- 
mately twice  as  long  as  the  one  exposed  vertically  facing 
south.  The  effect  of  the  angle  of  exposure  is  not  always 
understood,  as  is  shown  by  the  fact  that  the  hoods  of 
automobiles  are  frequently  finished  with  a  varnish  less 
durable  than  that  used  on  the  bodies. 

On  the  top  panels  of  most  hoods  the  angle  is  about  the 
worst  possible,  the  expansion  and  contraction  owing  to 
changes  of  temperature  being  more  severe  and  the  vibra- 
tion very  much  worse  than  anywhere  else  on  the  car. 

A  factor  contributing  largely  to  this  gradual  break- 
down is  moisture  or  moisture  plus  alkali,  in  the  form  of 
soap  or  of  mud.  The  presence  of  moisture  in  the  varnish- 
film  aids  the  chemical  action  of  the  sun's  rays  in  the  final 
break-down  of  the  varnish.  The  destructive  action  of 
alkalis  such  as  mud  and  soap  in  connection  with  varnish 
is,  of  course,  well  known.  Abrasion  also  is  a  contributing 
cause  of  the  perishing  of  the  coat  of  finishing-varnish, 
for  the  scratches  in  the  surface  caused  by  careless  washr 
ing  or  the  use  of  dry  washes  or  polishes  when  dust  or 
dried  mud  is  on  the  car,  develop  eventually  into  cracks. 

To  sum  up  the  causes  of  the  deterioration  and  eventual 
destruction  of  the  finishing-varnish,  we  have,  first  and 
most  important,  the  chemical  action  of  sunlight,  aided 
by  moisture,  alkalis,  expansion  and  contraction,  vibration 
and  abrasion. 

It  is  clear  that  to  postpone  this  final  break-down  a 
varnish  should  possess  as  great  an  initial  elasticity,  as 
high  a  resistance  to  the  destructive  chemical  effect  of 
moisture  and  as  thick  a  dried  film  as  are  permitted  by 
the  method  of  application  and  the  time-schedule. 
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Estimation  of  Service  Qualities 

After  the  automotive  engineer  has  decided  on  the  type 
of  finishing-varnish  he  wishes  to  use,  he  should  have 
the  means  at  his  disposal  first  for  finding  and  then  for 
check-testing  the  deliveries  of  the  material  selected.  A 
lack  of  such  laboratory  means  would  spell  chaos  if  it  ex- 
tended over  the  whole  list  of  automotive  materials,  yet 
many  otherwise  well  organized  plants  lack  the  laboratory 
means  for  testing  and  estimating  varnish. 

The  varnish  industry  as  a  whole  is  perhaps  as  respon- 
sible for  this  lack  as  is  the  automotive  industry,  al- 
though, as  already  mentioned,  the  National  Varnish 
Manufacturers'  Association  maintains  in  the  City  of 
Washington  a  research  laboratory  that  is  devoted  to  the 
production  problems  involved  in  varnish  manufacture. 

The  research  laboratory  of  the  company  that  I  repre- 
sent has  striven  earnestly  to  perfect  and  to  standardize 
the  methods  of  estimating  the  qualities  desirable  in  a 
varnish ;  and  some  of  the  methods  have  been  adopted  by 
Government  laboratories  and  by  the  laboratories  of  cer- 
tain railroad,  automotive  and  industrial  units.  The  three 
most  important  factors  in  estimating  the  service-giving 
qualities  of  varnish  are  elasticity,  moisture-resistance 
and  the  film  factor. 

In  beginning  the  examination  of  a  varnish  it  is  use- 
ful to  determine  certain  constants  that  are  used  in  check- 
ing uniformity  or  as  bases  for  other  tests.  The  most 
important  is  the  non-volatile  content,  as  this  is  used  as 
a  starting-point  in  the  test  of  elasticity  and  as  one  of  the 
necessary  elements  in  computing  the  film  factor  or  the 
approximate  thickness  of  the  dried  film.  Next,  chiefly 
for  checking  purposes,  is  the  ash,  which,  if  it  does  not 
exceed  1  per  cent,  is  not  important ;  the  flash-point,  which, 
to  assure  proper  working  qualities  and  low  fire-hazard, 
should  not  be  below  105  deg.  fahr. ;  and  the  acid  number, 
which  is  unimportant  except  as  a  checking  figure.  The 
proper  methods  for  determining  non-volatile  content,  ash, 
flash-point  and  acid  number  will  be  found  in  Appendix  2. 

Elasticity 

Elasticity  is  the  most  important  factor  in  determining 
the  service-durability  of  a  finishing-varnish  and,  other 
things  being  equal,  the  comparative  durability  of  a  series 
of  varnishes  follows  exactly  their  comparative  elasticity. 
This  factor  can  be  estimated  in  the  laboratory  by  the  so- 
called  Kauri  reduction-test  for  elasticity.  This  test  was 
developed  by  me  several  years  ago  after  a  series  of  ex- 
periments made  with  a  view  to  perfecting  a  laboratory 
method  for  rapidly  and  accurately  estimating  the  elastic- 
ity factor.  It  was  adopted  by  the  Government  during  the 
war  for  airplane  use  and  has  since  appeared  in  numerous 
specifications,  replacing  the  former  slow  and  unsatisfac- 
tory panel-exposure  test. 

The  test  is  based  on  the  fact  that,  if  two  varnishes  are 
equal  in  other  respects,  their  elasticity  will  vary  with 
the  gum-oil  ratio;  in  other  words,  the  higher  the  fixed- 
oil  content  in  terms  of  the  gum  content,  the  greater  will 
be  the  elasticity.  In  making  the  test  various  amounts  of 
a  standardized  gum  in  solution  in  redistilled  spirits  of 
turpentine  are  added  to  the  varnish.  The  varnish  is  then 
put  through  a  forced  drying  process  on  a  standardized 
tin-plate  and  the  plate  thus  coated  is  bent  rapidly  over  a 
rod  of  fixed  diameter.  The  amount  of  gum  solution 
necessary  to  bring  the  varnish  to  the  cracking-point 
under  this  procedure  forms  a  measure  of  its  elasticity, 
that  is,  the  greater  the  amount  of  gum  solution  necessary, 
the  higher  is  the  elasticity.  The  elasticity  factor  is  read 
and  recorded  in  terms  of  the  percentage  of  gum  solution 
that  it  is  necessary  to  add  to  the  varnish  to  bring  it  to 


the  cracking-point,  say,  20,  60  or  120,  as  the  case  may  be. 
This  test  determines  only  the  elasticity  factor  of  the 
varnish  and  not  the  original  gum-oil  ratio,  for  the  kinds 
of  gum  and  oil  used,  the  kind  and  amount  of  drier  and 
the  heat-treatment  of  the  varnish  during  its  manufacture 
all  influence  the  elasticity  factor  of  the  finished  product. 
The  fact  that  it  is  possible  to  have  two  varnishes  of  the 
same  gum-oil  ratio  that  will  differ  in  elasticity  by  more 
than  100  per  cent  shows  why  it  is  easier  to  estimate  the 
quality  of  a  varnish  by  physical  tests  than  by  analyses 
of  the  components,  even  were  it  possible  to  make  such 
analyses  with  accuracy. 

The  range  of  percentage  of  the  gum  solution  that  ex- 
terior varnishes  will  stand  on  the  Kauri  reduction-test  is 
from  0  to  200,  the  0  per  cent  being  on  the  border-line 
between  the  most  elastic  of  the  rubbing-varnishes  and 
the  least  elastic  of  the  finishing-varnishes,  and  the  200 
per  cent  representing  the  maximum  elasticity  of  a  fixed 
vegetable-oil  varnish  that  contains  no  gum  whatever. 
Full  directions  for  determining  the  elasticity  factor  of  a 
finishing-varnish  are  given  in  Appendix  3. 

Resistance  to  Moisture  and  Alkalis 

Varnish  is  affected  by  moisture  in  two  ways,  physically 
and  chemically,  and  by  alkalis,  for  both  the  gums,  or 
resins,  and  the  vegetable  oils  used  in  making  it,  are 
saponifiable  in  varying  degree.  The  degree,  in  which 
varnish  is  affected  by  moisture  and  alkalis  can  be  varied 
within  very  wide  limits,  by  both  the  composition  and  the 
heat-treatment  of  the  varnish  during  its  manufacture. 
For  purposes  of  comparison,  the  rate  at  which  different 
varnishes  absorb  moisture  can  be  determined  with  suffi- 
cient accuracy  by  observing  the  rate  at  which  they  turn 
white  or  opaque  when  they  are  immersed  in  either  hot- 
or  cold  water.  Susceptibility  to  chemical  injury  by  water 
can  be  measured  by  ascertaining  how  long  they  must  be 
subjected  to  the  action  of  water,  either  hot  or  cold,  be- 
fore they  become  permanently  whitened,  for  permanent 
whitening  indicates  a  chemical  change  in  the  structure 
of  the  varnish.  Comparative  resistance  to  the  destruc- 
tive action  of  alkalis  can  be  determined  by  immersing 
the  varnishes  in  a  standard  soap-solution  for  short 
periods  of  time,  the  action  of  the  alkalis  on  the  gums 
and  oils  being  indicated  by  loss  of  lustre  and  whitening.- 

It  is  necessary  to  make  these  determinations  because 
they  have  an  important  bearing  on  the  service-giving 
qualities  of  the  varnish.  In  this  connection  it  should  be 
remembered  that  resistance  to  both  water  and  alkalis  is 
of  greater  importance  in  the  case  of  a  varnish  that  is  to 
be  used  on  the  hood,  fenders,  wheels  and  axles  than  of  a 
varnish  that  is  to  be  used  on  the  body.  In  a  body-varnish, 
a  resistance  to  these  two  elements  as  high  as  can  be  at- 
tained without  sacrificing  the  necessary  elasticity  and 
freedom  of  working  and  flowing  is  desirable,  and,  other 
things  being  equal,  the  body-varnish  that  resists  moisture 
and  alkalis  most  effectually  is  the  best  choice.  A  de- 
scription of  the  methods  for  making  tests  for  resistance 
to  moisture  and  alkalis  is  given  in  Appendix  4. 

Film  Factor 

By  the  film  factor  is  meant  the  normal  thickness  of  the 
dried  film.  The  durability  of  a  finishing-varnish  varies 
almost  directly  with  the  thickness  of  the  film,  provided, 
of  course,  the  film  is  not  too  thick  to  harden,  through 
properly.  In  the  case  of  undercoats  a  thick  film  is  to  be. 
avoided,  but  in  the  final  coat  the  thicker  the  better,  pro- 
vided, as  said  before,  it  is  not  too  thick  to  dry  and  to 
harden  properly.  Actual  measurements  of  film  thickness, 
involve   considerable   trouble   and   are   difficult   to   make 
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accurately.  But  a  sufficiently  accurate  calculation  can 
be  made  from  data  used  in  the  other  tests.  These  data 
are  the  viscosity  of  the  varnish,  in  poises,  and  the  non- 
volatile content,  in  per  cent.  By  using  the  following 
equation  the  normal  thickness  of  the  dried  film  can  be 
estimated  with  surprising  accuracy,  as  has  been  demon- 
strated in  our  laboratory  by  a  large  number  of  check- 
tests. 

F  =  V2(10V  +  N) 
where 

F  =  the  film  factor  in  microms 

N  =  the  percentage  of  the  non- volatile  content 

V  =  the  viscosity  in  poises 

For  example,  a  body-finishing  varnish  having  a  viscos- 
ity of  1.40  poises  and  a  non-volatile  content  of  64  per  cent 
will  figure  as  follows: 

F=y2[(10X  1.40)  +64] 
=  39 

A  2-ft. -square  glass  panel  finished  with  a  normal  coat 
of  this  particular  varnish  and  measured  with  the  aid  of 
a  powerful  microscope  gave  average  readings  of  exactly 
39  microms. 

This  determination  of  the  film  factor  completes  the 
data  on  which  the  service-durability  of  the  varnish  is  to 
be  estimated;  next  comes  the  assembling  and  the  intelli- 
gent appraising  of  the  data.  Perhaps  the  easiest  way 
to  explain  the  methods  used  is  to  take  four  finishing- 
varnishes,  A,  B,  C  and  D,  which  are  in  use  in  quantity 
production  and  on  which  the  elasticity,  the  moisture  re- 
sistance and  the  film  factor  have  been  determined,  and 
to  rate  them  according  to  their  estimated  service- 
durability.  By  "durability"  is  meant  the  ultimate  pro- 
tection afforded  the  paint  structure  on  an  automobile 
body  under  actual  service  conditions,  and  not  the  first 
signs  of  checking  or  cracking  looked  for  on  a  laboratory 
exposure-panel.  The  four  varnishes  selected  represent, 
approximately,  the  minimum  and  the  maximum  limits  in 
color,  viscosity,  non-volatile  content,  film  factor,  moisture 
resistance,  elasticity  and  service-durability  of  the  var- 
nishes in  current  use  for  finishing  automobile  bodies. 

The  successful  comparative  rating  of  varnishes  on 
these  data  requires  careful  consideration  coupled  with 
experience  in  varnish  testing  and  research.  This  is 
especially  true  of  the  resistance  to  moisture  and  alkalis. 
If,  however,  on  the  basis  of  the  water  and  alkali  tests 
outlined  above  and  detailed  in  Appendix  4,  the  varnishes 
are  given  moisture-resistance  factors,  a  reasonable  rat- 
ing will  result  for  average  service  conditions.  A  varnish 
that  stands  these  tests  poorly  will  receive  a  0  rating; 
fair,  10;  good,  20;  and  very  good,  50. 

To  determine  the  comparative  service-durability  rat- 
ings of  the  four  varnishes,  we  add  together  the  figures 
obtained  for  each  in  our  tests  for  elasticity,  moistui-e 
resistance  and  film  factor.  This  gives  the  results  pre- 
sented in  Table  1. 

TABLE    1 — SERVICE-DURABILITY   RATINGS    OF   FOUR  FINISH- 
ING-VARNISHES 

Finishing-Varnishes  A 

Elasticity  Factor  10 

Moisture  Resistance  0 

Film  Factor  35 

Service-Durability  Rating  45 

The  film  factors  for  these  different  varnishes  were 
arrived  at  by  calculation  in  the  formula  given  above  and 
were  based  on  the  data  contained  in  Table  2. 

Based  on  the  above  rating,  varnish  B  would  have  a 
service-durability    approximately    150   per   cent    greater 


Finishing- 

Viscosit 

Varnishes 

Poises 

A 

1.25 

B 

3.20 

C 

3.20 

D 

1.65 

B 

C 

D 

60 

90 

160 

10 

20 

50 

47 

52 

36 

117 

162 

246 

TABLE   2 — DATA   ON   WHICH   THE    FILM-FACTOR  VALUES   IN 
TABLE  1   WERE  BASED 

Non-Volatile  Content, 
Per  Cent 
58.75 
63.75 
73.00 
56.00 

than  that  of  varnish  A;  varnish  C  would  exceed  the 
service-durability  of  A  by  about  260  per  cent  and  of  B  by 
about  40  per  cent;  and  varnish  C  would  show  a  service- 
durability  that  is  more  than  400  per  cent  greater  than 
that  of  A,  more  than  100  per  cent  greater  than  that  of  B 
and  approximately  50  per  cent  greater  than  that  of  C. 
Expressed  in  length  of  life  under  service  conditions,  pre- 
supposing that  the  undercoats  had  been  properly  applied 
and  that  the  finish  of  the  car  had  received  intelligent  care, 
varnish  A  would  give  about  4  months  of  service,  varnish 
B  would  last  about  1  year,  varnish  C  would  survive  al- 
most 1172  years  of  service  and  varnish  D  would  last  2 
years,  before  needing  renewal. 

The  fact  that  varnishes  vary  in  durability  by  as  much 
as  500  per  cent  may  prove  surprising.  The  facts,  methods 
and  conclusions  I  have  presented  form  an  outline  that 
the  automotive  engineer  can  expand  or  condense  accord- 
ing to  his  needs. 

The  information  given  and  the  suggestions  made  may 
be  completely  and  concisely  put  into  three  words :  Know 
Your  Varnish! 

APPENDIX  1 
Drying  and  Safety  of  Working  Tests 

To  test  the  drying  and  hardening  of  the  varnish  in  the 
laboratory  the  following  standard  method  will  be  found 
satisfactory :  Pour  the  varnish  to  be  tested  on  a  bright 
tin-panel,  3  x  5  in.  in  size,  that  has  been  carefully  cleaned 
with  benzol,  and  stand  the  panel  in  a  nearly  vertical 
position  in  a  well  ventilated  room  kept  at  the  same  tem- 
perature as  the  shop  in  which  the  varnish  is  to  be  used, 
say  70  to  80  deg.  fahr.  The  panel  must  not  be  placed  in 
the  direct  rays  of  the  sun.  From  time  to  time  test  the 
film  by  touching  it  lightly  with  the  finger  at  points  not 
less  than  1  in.  from  the  edges  of  the  film.  The  varnish 
is  considered  to  have  dried  to  touch  when  gentle  pressure 
shows  a  tacky  condition  but  no  varnish  adheres  to  the 
finger.  The  varnish  is  considered  to  have  dried  hard 
when  the  pressure  that  can  be  exerted  between  thumb 
and  finger  does  not  move  the  film  or  leave  a  permanent 
mark  after  the  spot  has  been  lightly  polished. 

An  over-sensitiveness  to  adverse  shop  conditions  can 
be  determined  by  the  following  simple  test:  Pour  an 
excess  of  the  varnish  on  a  small  3x5-in.  tin-panel  that 
has  been  carefully  cleaned  with  benzol,  and  immediately 
place  the  panel  in  the  direct  draft  of  a  small  8  to  10-in. 
electric-fan,  running  at  full  speed.  The  panel  should  be 
placed  in  a  nearly  vertical  position  approximately  2  ft. 
from  the  fan  and  at  an  angle  of  45  deg.  to  the  line  of  the 
air-current.  Allow  the  panel  to  remain  in  this  position 
5  hr. ;  remove  and  allow  the  varnish  to  harden  overnight. 
The  varnish  should  show  no  dulling,  enameling,  crow- 
footing  or  frosting.  This  test  should  be  made  under 
shop  conditions  that  are  normal  as  to  ventilation  and 
temperature. 

APPENDIX  2 

Laboratory  Determinations 

non-volatile  content 

Place  a  portion  of  the  sample  in  a  stoppered  bottle  or 
a  weighing  pipette.  Weigh  the  container  and  the  sample. 
Transfer  about  1.5  grams  of  the  sample  to  a  weighed 
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flat-bottomed  metal  dish  about  8  cm.  in  diameter,  a  fric- 
tion-top can  plug.  Weigh  the  container  again  and  by  the 
difference  calculate  the  exact  weight  of  the  portion  of  the 
sample  transferred  to  the  weighed  dish.  Heat  the  dish 
and  contents  in  an  oven  maintained  at  105  to  110  deg. 
cent.  (,221  to  230  deg.  fahr.)  for  3  hr.  Cool  and  weigh. 
From  the  weight  of  the  residue  left  in  the  dish  and  the 
weight  of  the  sample  taken,  calculate  the  percentage  of 
non-volatile  residue. 

ASH 

Determine  the  ash  in  10  grams  by  ignition,  in  a  quartz 
or  a  porcelain  dish,  carrying  out  the  determination  at  a 
low  heat,  preferably  in  the  muffle.  If  a  muffle  is  not 
available,  the  thinner  should  first  be  driven  off  on  a  hot 
plate  or  in  an  air-bath  before  direct  ignition.  Particular 
care  must  be  taken  not  to  over-hasten  the  procedure  dur- 
ing ignition,  as  a  reduction  of  the  lead  drier  salts  would 
invariably  follow. 

FLASH-POINT 

The  open-cup  method  may  be  used,  as  described  in  the 
tentative  standard  of  the  American  Society  for  Testing 
Materials,  No.  D92-21T,  or  else  the  closed-cup  method, 
according  to  Standard  No.  D56-21  of  the  American  So- 
ciety for  Testing  Materials. 

ACID  NUMBER 

Weigh  10  grams  of  varnish  in  a  200-cc.  Erlenmeyer 
flask,  add  50  cc.  of  neutral  alcohol,  connect  with  a  reflux 
air-condenser  and  heat  in  a  steam-bath  for  Yz  hr.  Re- 
move from  the  bath,  cool,  add  phenolphthalein  and  titrate 
the  free  acid  with  fifth-normal  sodium  hydroxide. 
Calculate  the  acid  number,  that  is,  the  milligrams  of 
potassium  hydroxide  to  1  gram  of  varnish. 

APPENDIX  3 
The  Kauri  Reduction  Test 

Preparation  of  the  "Run"  Kauri. — Arrange  a  distilla- 
tion-flask, a  water-cooled  condenser  and  a  tared  re- 
ceiver on  a  balance.  Place  in  the  flask  about  one- 
third  of  its  volumetric  capacity  of  clear,  bright 
hard  pieces  of  Kauri  gum,  broken  to  pea-size. 
Carefully  melt  and  distill,  until  25  per  cent  by 
weight  of  the  gum  is  collected  in  the  tared  re- 
ceiver. At  the  end  of  the  distillation,  the  ther- 
mometer in  the  distillation-flask,  with  the  bulb  at 
the  line  of  the  discharging-point  of  the  flask,  should 
register  about  600  deg.  fahr.  Pour  the  residue 
into  a  clean  pan  and,  when  cold,  break  into  small 
pieces 

Preparation  of  Standard  "Run"  Kauri  Solution. — In  a 
carefully  tared  beaker  place  a  quantity  of  the 
small  broken  pieces  of  the  "run"  Kauri  with  twice 
its  weight  of  freshly  redistilled  spirits  of  turpen- 
tine, using  only  the  portion  that  distills  over  be- 
tween 308  and  338  deg.  fahr.  Dissolve  by  heating 
to  a  temperature  of  about  300  deg.  fahr.  and  bring 
back  to  correct  weight  when  cold  by  the  addition 
of  the  amount  of  redistilled  spirits  of  turpentine 
necessary  to  replace  the  loss  by  evaporation  during 
the  dissolving  of  the  gum 

Reduction  of  the  Varnish. — First,  carefully  determine 
the  non-volatile  content  of  the  varnish  under  test 
according  to  the  method  outlined  in  Appendix  2. 
Then  take  100  grams  of  the  varnish  and  add  to  it 
an  amount  of  the  standard  run  Kauri  solution 
equivalent  to  50  per  cent  by  weight  of  the  non- 
volatile matter  in  the  varnish.  Mix  the  varnish 
and  the  solution  thoroughly.  For  the  sake  of  sim- 
plicity the  amount  of  varnish  to  be  used  is  given 
as  100  grams,  whereas  25  grams  is  sufficient,  and 
taking  the  smaller  amount  will  conserve  the  supply 


both  of  the  sample  and  of  the  standard  run  Kauri 
solution 

■Flow. — Place  a  coat  of  the  varnish  thus  reduced  on  a 
standard  3  x  5-in.  tinned  panel,  carefully  cleaned 
with  benzol,  and  allow  it  to  dry  in  a  nearly  ver- 
tical position  at  room  temperature  for  1  hr.  Next 
place  the  panel  in  a  horizontal  position  in  a  prop- 
erly ventilated  oven  and  bake  it  for  5  hr.  at  from 
96  to  100  deg.  cent.  (205  to  212  deg.  fahr.).  Re- 
move the  panel  and  allow  it  to  cool  at  room  tem- 
perature, preferably  75  deg.  fahr.,  for  1  hr. 

Elasticity  Test. — Place  the  panel  with  the  varnish  side 
uppermost  over  a  2-mm.  (Vs-in.)  rod,  held  firmly 
by  suitable  supports  at  a  point  equally  distant  from 
the  top  and  the  bottom  edges  of  the  panel,  and  bend 
the  panel  double  rapidly.  The  varnish  should 
show  no  cracking  at  the  point  of  bending.  For 
accurate  results  the  bending  of  the  panel  should 
always  be  done  at  75  deg.  fahr.,  for  lowering  the 
temperature  will  decrease  the  percentage  of  re- 
duction that  the  varnish  will  stand  without  crack- 
ing; while  raising  the  temperature  will  increase  the 
reduction. 

If  the  varnish,  when  tested  as  outlined  in  the 
preceding  paragraph,  cracks  with  the  50-per  cent 
reduction  specified,  make  up  additional  samples 
reduced  with  lesser  amounts  of  the  standard  Kauri 
solution  until  a  point  is  reached  where  it  does  not 
crack.  If,  on  the  other  hand,  the  varnish  does  not 
crack  when  reduced  50  per  cent,  prepare  other 
samples  reduced  with  larger  amounts  of  the  stand- 
ard Kauri  solution,  until  the  cracking-point  on 
subsequent  baking  and  bending  is  determined 

The  panels  required  for  this  test  are  of  bright 
tin,  3x5  in.,  and  approximately  0.278  to  0.297 
mm.  (0.0109  to  0.0117  in.)  thick.  The  weight  of 
the  metal  per  standard  base  box,  112  sheets  14  x 
20-in.,  Nos.  31  and  30%,  United  States  standard 
plate  gage,  is  90  to  100  lb.  They  should  be  thor- 
oughly cleaned  with  benzol  immediately  before 
using 

This  test,  carefully  followed  out,  will  enable  the 
varnish-testing  laboratory  to  rate  the  comparative  elas- 
ticity of  a  number  of  unknown  varnishes  within  2  work- 
ing days  and  with  greater  accuracy  than  is  possible  by 
the  panel  weather-exposure  test,  which  requires  several 
months.  It  can  also  be  used  for  checking  the  elasticity 
of  deliveries  against  previous  standards.  As  the  elas- 
ticity of  a  varnish  is  the  chief  factor  in  determining  its 
durability,  the  value  of  this  test,  in  both  time-saving  and 
accuracy,  over  that  of  former  methods  is  very  great. 

APPENDIX  4 
Moisture  and  Alkali-Resistance  Tests 

For  determining  the  moisture  and  alkali  resistance  of 
a  varnish  the  following  method  will  be  found  simple  and 
efficient.  For  the  tests  use  bright  tin-panels,  3x5  in., 
carefully  cleaned  with  benzol  before  using.  The  same 
panels  specified  for  the  Kauri  reduction  test  may  be  used. 

Pour  the  varnish  on  three  of  the  panels,  place  them  in 
a  well  ventilated  room  at  shop  temperature,  preferably 
from  70  to  80  deg.  fahr.,  out  of  direct  sunlight,  and  allow 
them  to  dry  for  48  hr.  Place  one  of  the  panels  in  a  beaker 
containing  about  2Vz  in.  of  distilled  water,  immersing 
the  end  that  was  uppermost  during  the  drying  period, 
and  leave  it  in  the  water  at  room  temperature  for  18  hr. 
Remove  it  and  allow  it  to  dry  at  room  temperature  for  2 
hr.  At  the  end  of  this  period  the  varnish  should  show 
no  permanent  whitening  and  not  more  than  a  slight  dull- 
ing. Place  the  second  panel  in  a  beaker  containing  about 
2a/2  in.  of  boiling  distilled  water,  immersing  the  end  that 
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was  uppermost  during  the  drying  period,  and  allow  it  to 
remain  in  the  boiling  water  for  15  min.  Remove  it  and 
allow  it  to  dry  at  room  temperature  for  2  hr.  At  the  end 
of  this  period  the  varnish  should  show  no  permanent 
whitening  and  not  more  than  a  slight  dulling.  If  the 
finishing-varnish  does  not  pass  these  tests  it  can  be  rated 
as  poor  on  moisture-resistance.  In  getting  the  compara- 
tive moisture-resistance  of  a  number  of  varnishes  it  may 
be  necessary  to  repeat  the  tests  one  or  more  times.  An 
automobile  finishing-varnish  need  not  have  the  high 
moisture-resistance  demanded  in  a  spar-varnish,  but, 
other  features  being  equal,  the  finishing-varnish  showing 
the  highest  degree  of  moisture-resistance  will  remain 
bright  and  afford  protection  for  the  longest  time  under 
the  conditions  of  automobile  use. 

The  third  panel  mentioned  above  may  be  used  for  test- 
ing the  resistance  to  alkalis;  in  this  test  a  standard  soap- 
solution  consisting  of  %  oz.  of  Ivory  soap  dissolved  in 
1  gal.  of  distilled  water  is  used.  Place  the  panel  in  a 
beaker  containing  about  2%   in.  of  the  standard  soap- 


solution  heated  to  and  maintained  at  a  temperature  of 
120  deg.  fahr.  Leave  the  panel  in  the  hot  solution  10 
min.,  remove  it  and  immediately  rinse  it  thoroughly  in 
clear  cold  tap  water,  and  allow  it  to  dry  at  room  tem- 
perature for  1  hr.  At  the  end  of  this  period  the  varnish 
should  show  no  whitening  and  not  more  than  a  slight 
dulling.  A  finishing-varnish  failing  to  pass  this  test 
should  be  rated  poor  on  alkali-resistance.  In  getting  the 
comparative  resistance  to  alkali  of  a  number  of  varnishes 
this  test  may  be  repeated  one  or  more  times,  using  fresh 
soap-solution  each  time.  While  all  oil-varnishes  will 
finally  be  destroyed  by  the  action  of  alkali,  other  features 
being  equal,  the  finishing-varnish  showing  the  highest 
degree  of  resistance  to  its  action  will  remain  bright  and 
afford  protection  for  the  longest  time  under  the  condi- 
tions of  automobile  use. 

A  higher  resistance  to  the  action  of  moisture  and  alkali 
should  be  required  of  a  finishing-varnish  for  use  on  hoods, 
fenders,  wheels  and  underparts  than  is  required  for  body 
use. 
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THE  production  of  hardwood  lumber  has  not  kept 
pace  with  factory  development,  particularly  that 
which  has  taken  place  in  the  automotive  field.  Some 
persons  maintain  that  lumber  is  not  susceptible  to 
"development";  but  all  sorts  and  conditions  of  hard- 
wood lumber  are  produced  from  the  same  tree  and  only 
a  part  is  suitable  for  automotive  construction.  Some 
portions  of  the  tree  are  far  more  suitable  for  furniture 
manufacture,  while  others  are  peculiarly  adapted  for 
use  in  parquetry  and  in  building;  trim.  Development, 
therefore,  consists  of  properly  differentiating  the  vari- 
ous kinds  of  material  that  come  from  the  hardwood 
log  so  that  the  various  industries  may  have  at  their 
disposal  boards  that  have  been  properly  classified.  As 
the  present  system  of  grading  has  been  in  effect  sub- 
stantially without  change  for  over  a  quarter  of  a  cen- 
tury, years  before  the  automobile  came  into  general 
use,  the  grades  originally  established  have  little  bear- 
ing upon  automotive  utility.  Revised  specifications  for 
grading  that  would  determine  the  major  requirements, 
which  in  themselves  include  the  secondary  require- 
ments, would  on  the  whole  obviate  much  of  the  waste 
that  occurs  under  the  present  method. 

Designating  the  grade  in  terms  of  the  cut-up  value 
would  provide  a  real  and  much  needed  simplifica- 
tion and  avoid  many  existing  inconsistencies.  It  would 
tend  to  discourage  manipulation,  the  substitution  of 
inferior  grades  and  other  irregular  practices,  that 
though  reasonably  infrequent  are  detrimental  to  the 
industry.  Hardwood  standardization  is  a  component 
part  of  a  general  movement  that  involves  all  species  of 
lumber,  both  softwood  and  hardwood,  that  is  crystalliz- 
ing in  an  organization  recently  instituted  in  the  city  of 
Washington  and  known  as  the  Central  Committee  on 
Lumber  Standards.  This  committee  is  endeavoring  to 
produce  a  new  and  scientific  grading-schedule  that  by 
common  accord  will  establish  a  lasting  instrument  to  be 
entitled  the  American   Lumber  Standards. 

THE  increasing  difficulty  experienced  by  the  auto- 
motive engineer  in  securing  the  kinds,  qualities 
and  quantities  of  hardwood  lumber  necessary  for 
the  automotive  body  is  a  pressing  subject  of  complaint. 
It  has  been  asserted  that  the  woods  of  today  are  not 
as  good  as  they  were  10  years  ago,  and  that  with  the 
excessive  proportion  of  waste  compared  with  the  original 
shipment  of  lumber  the  scientific  development  of  factory 
practice  in  increasing  production,  cutting  costs  and 
eliminating  unnecessary  waste  has  become  a  difficult  task. 
The  very  .apparent  uncertainty  as  to  the  yield  that  a 
shipment  of  hardwood  lumber  will  give  in  terms  of  the 
fabricated  parts,  and,  in  general,  the  inability  to  figure 
lumber  as  an  exact  factory  raw  material,  are  leading  the 
factory  user  to  believe  that  hardwoods  are  becoming  too 
expensive  and  too  much  of  a  gamble.  One  of  the  primary 
sources  of  the  belief  that  the  price  of  hardwoods  is  mak- 
ing their  use  prohibitive  lies  in  the  fact  that  practically 
all  the  consuming  interests  consider  the  top  grades  of 
hardwood  essential  for  their  purposes,  with  the  result 
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that   there   are    not   enough   top-grade    materials    to    go 
round. 

Estimated  3  Per  Cent  of  Boards  Produced  Is  "Clear" 

It  should  be  noted  at  the  outset  that  only  about  3  per 
cent  of  the  boards  produced  from  the  hardwood  log  is 
"clear,"  that  is,  free  from  any  form  of  defect,  such  as 
discoloration,  worm  holes,  knots  and  other  character- 
istic blemishes  that  affect  the  appearance  and  strength 
of  the  boards.  The  top  grade  of  hardwoods,  of  course,  in- 
cludes not  only  all  this  clear  material,  but  also  lumber 
with  defects  of  a  specified  character  and  number,  the 
number  depending  upon  the  surface  measure  of  the 
board. 

Although  the  quality  of  hardwood  lumber  is  declining 
somewhat,  an  actual  scarcity  will  not  be  felt  acutely  for 
many  years.  If  corrective  measures  are  taken  to  utilize 
present-day  production  better,  and  if  increased  attention 
is  given  to  forest  conservation  and  reforestation,  it  can 
logically  be  expected  that  a  timber  famine  will  be  pro- 
jected far  into  the  future,  many  generations  hence. 

The  use  of  wood  in  automobile  body  construction  dur- 
ing the  past  15  years  has  progressed,  strange  as  it  may 
seem,  both  forward  and  backward  at  the  same  time.  In 
the  individual  body,  its  use  has  been  on  the  decline,  but 
the  total  consumption  has  gained  remarkably,  owing  to 
the  tremendous  increase  in  the  production  of  motor 
vehicles. 

Not  long  ago  the  all-wood  body,  featuring  the  use  of 
wide  poplar,  was  considered  to  be  the  most  desirable 
construction  for  the  passenger-car  body.  Aluminum 
sheets  then  supplanted  wood  for  the  panels,  and  now  in 
the  less  expensive  cars  we  find  sheet  iron  or  sheet  steel, 
the  skeleton  of  wood,  however,  being  retained.  The  lat- 
est development,  the  "all-steel"  body,  seeks  to  replace 
this  wood  framing,  and  is  significant  in  that  it  seems  to 
indicate  that  the  use  of  hardwood  has  not  kept  pace  with 
other  developments  in  the  automotive  field ;  otherwise  the 
qualities  that  are  so  desirable  and  found  in  wood  alone, 
would  not  be  replaced. 

Hardwoods   Not  Yet   "Developed"   to   Provide   Full 
Utilization  Value 

Briefly,  the  situation  is  that  at  present  the  consumer 
in  the  automotive  as  well  as  in  other  fields,  is  not  get- 
ting the  utilization  value  from  a  shipment  of  lumber 
that  he  is  getting  with  shipments  of  other  raw  materials 
for  factory  use. 

In  this  connection  it  should  be  pointed  out  that  there 
has  been  substantially  no  change  in  the  wood  itself,  ex- 
cept in  its  abundance.  Ash  is  still  ash  and  maple  maple; 
and,  in  fact,  the  same  raw  material  is  served  to  the  in- 
dustry that  has  been  served  for  many  years  and  is  ob- 
tainable under  the  same  specifications.  This  is  not  cited 
as  a  recommendation,  or  to  call  forth  approbation,  but 
rather  to  carry  the  point  that  the  changes  have  not  taken 
place  in  the  manufacture  and  distribution  of  hardwood 
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lumber  that  are  needed  to  place  hardwood  lumber  in  a 
competitive  market  with  substitutes.  And  this  is  a  fact 
that  "substitutes"  are  making  capital  of. 

In  opposition  to  such  an  argument  it  has  been  pointed 
out  that  hardwood  lumber  is  "just  lumber"  and,  conse- 
quently, there  is  no  opportunity  for  development.  This 
theory  is  erroneous  in  that  there  are  all  kinds  and  condi- 
tions of  hardwood  lumber.  There  is  great  opportunity 
for  segregation  to  provide  each  consuming  industry  with 
the  portion  of  the  tree  that  it  can  use  to  the  best  advan- 
tage with  a  minimum  of  waste.  Anyone  familiar  with 
the  present  conditions  in  the  hardwood  lumber  business, 
from  either  the  producer's  or  consumer's  standpoint, 
readily  appreciates  that  very  little  has  been  done  to  per- 
fect the  utilization  of  hardwoods  from  the  tree  through 
the  factory.  Without  some  thought  the  possibility  of 
improvement  in  this  direction  is  not  directly  apparent. 

Interests  of  Consumer  and  Producer  Bound  Together 

It  should  be  emphasized  in  outlining  a  program  to  im- 
prove conditions  in  the  hardwood  business,  from  both 
the  consumer's  and  the  producer's  standpoints,  that  any 
development  which  the  producer  might  propose  would 
immediately  be  felt  by  the  consumer,  and,  likewise,  that 
any  proposition  which  the  consumer  might  promulgate 
would  affect  the  producer.  Is  it  not  apparent  then  that 
these  two  elements  in  the  trade  must  go  hand-in-hand  in 
order  that  the  interests  of  both  may  be  served  to  their 
mutual  advantage?  On  such  a  foundation  alone  can  a 
satisfactory  adjustment  be  made. 

It  has  been  proposed  by  various  organizations  of  con- 
sumers that  the  producer  suggest  specific  points  for  the 
consumer  to  consider  and,  likewise,  the  producer  has 
asked  the  consumer  to  suggest  points  wherein  an  ad- 
vantage might  be  gained.  In  the  first  case,  the  producer 
is  assumed  to  be  endeavoring  to  force  an  issue;  in  the 
second  case  the  usual  attitude  is  that  the  consumer  is 
endeavoring  to  work  a  hardship  on  the  producer.  Unless 
these  two  elements  are  definitely  coordinated  and  a  thor- 
ough study  is  made  of  the  possibilities  and  limitations 
of  each,  there  can  be  no  complete  accord  and  elements  of 
distrust  are  likely  to  arise. 

When  one  endeavors  to  supplant  a  grading  vehicle, 
originated  over  a  quarter  of  a  century  ago  and  sustained 
practically  without  change  since  that  time,  a  funda- 
mental necessity  is  that  the  purpose  be  clearly  under- 
stood from  the  beginning,  and  each  phase  of  the  develop- 
ment likewise,  so  that  there  shall  be  no  dissenting  voice 
when  the  ultimate  end  is  reached. 

Summarizing,  it  should  be  emphasized  particularly 
that  standardization  and  waste  elimination  in  the  hard- 
wood industry  from  the  tree  through  the  factory  is  a 
problem  common  to  the  producer  and  the  consumer  and 
to  these  two  elements  alone ;  and  that  betterments  can- 
not be  instituted  without  a  careful  canvass  of  conditions, 
so  that  such  revisions  of  existing  practice  as  may  be  de- 
veloped will  be  thoroughly  understood  as  to  motive  and 
purpose,  and  be  accepted  with  the  knowledge  that  they 
are  for  the  best. 

Present  Grades  Inadequate,  Obsolete  and  Wasteful 

There  is  ample  reason  for  the  statement  that  present 
grades  of  lumber  are  inadequate  and  that  the  specifica- 
tions long  since  have  become  obsolete.  During  recent 
decades  great  consuming  industries  have  been  conceived 
and  developed,  typical  among  which  is  the  automotive 
industry  that  now  stands  second  in  the  consumption  of 
hardwood  lumber,  being  surpassed  only  by  the  furniture 
industries.    Is  there  not  some  question  whether  the  auto- 


motive industry  can  be  served  adequately  by  specifica- 
tions that  were  developed  before  its  existence  and 
obviously  without  regard  to  automotive  utility? 

A  grading  structure  for  any  raw  material  or  com- 
modity used  in  factory  practice  can  be  adequate  only  if 
the  purposes  for  which  it  is  to  be  used  are  thoroughly 
considered  in  the  grades.  It  is  vital  to  the  automotive 
industry  that  it  should  be  recognized  as  the  second  larg- 
est consumer  and  that  such  provision  should  be  made  in 
a  grading  program  that  the  parts  of  the  hardwood  tree 
suitable  for  automotive  manufacture  shall  be  made  avail- 
able to  the  industry,  and  not  be  scattered  in  various 
directions. 

It  is  a  fact,  well  known  to  every  consumer,  that  in  the 
existing  grades  there  is  no  guarantee  that  any  industry 
can  realize  a  certain  minimum  yield  in  the  factory  from 
any  one  grade;  and  until  a  grading  structure  shall  have 
been  developed  that  will  specify  the  maximum  amount  of 
waste  to  be  allowed  in  fabricating  to  certain  sizes,  no 
consumer  can  gage  his  factory  operation  with  any  de- 
gree of  certainty,  and  the  abnormally  large  waste,  often 
specified  as  high  as  60  per  cent,  will  continue. 

Summarizing,  the  first  inadequacy  of  the  present 
grade  structure  with  respect  to  the  automotive  industry 
and  to  every  factory  cut-up  industry  using  hardwoods, 
is  that  the  grades  have  been  made  without  regard  to  the 
specific  requirements  of  the  factory.  While  admittedly 
each  individual  requirement  cannot  be  served  in  an 
isolated  way,  specifying  the  determining  requirements, 
which  in  themselves  include  the  secondary  requirements, 
would  as  a  whole  result  in  much  less  waste  than  prevails 
under  the  present  method  of  grading. 

Destructive  criticism  without  a  constructive  building 
program  is  worse  than  useless.  In  brief  it  may  be  said 
that  the  answer  lies  in  determining  in  a  thorough  and 
comprehensive  way  the  cut-up  requirements  of  the  major 
branches  of  the  consuming  industries,  basing  the  grade 
structure  upon  suitable  composites  of  these  utilities,  and 
defining  the  specifications  in  terms  of  the  cut-up  re- 
quirements, thus  standardizing  hardwoods  as  a  com- 
modity with  a  guaranteed  yield  that  can  be  determined 
by  a  straightforward  yardstick  method. 

Reason  for  Obsolescence  of  Present  Grade-Basis 

The  present  grade  structure,  though  wholly  inadequate 
as  a  scientific  grading  vehicle,  was  developed  with  the 
most  painstaking  care  over  a  period  of  years  that  marked 
no  change  in  the  basis  plan.  At  the  beginning  the  use  of 
hardwoods  was  very  much  restricted  and  hardwood  prod- 
ucts went  largely  to  the  furniture  and  wagon  trades. 
Today  there  is  a  very  high  degree  of  specialization  in  the 
furniture  field.  For  example,  the  chair  industry  has 
clearly  defined  itself.  There  is  the  table  industry  and 
another  specializing  in  bedroom  suites.  Progress  has 
been  made  in  placing  the  general  furniture  factory  in 
the  discard  in  favor  of  the  shop  that  specializes  in  a 
limited  line,  but  this  has  not  contributed  to  a  better 
utilization  of  lumber,  inasmuch  as  the  present  grade- 
basis  was  in  existence  at  the  time  the  general  furniture 
factory  predominated.  The  specializing  interests  are 
now  seeking  a  specific  yield  from  each  shipment  of  lum- 
ber, and  it  is  a  matter  of  common  observation  that  the 
present  grades  cannot  serve  adequately  in  this  particu- 
lar. All  the  shops  have  departed  from  the  "carpenter- 
shop"  method  and  become  production  factories  where  a 
severe  burden  is  entailed  by  any  element  that  impedes 
straightforward  progress.  It  is  obvious  that  with  the 
cut-up  orders  limited  because  of  the  manufacture  of  spe- 
cialized lines,  there  is  not  the  opportunity  on  the  present 
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-Practical    Examples    of    Boards    That   Are    Classed   as 
No.   1  Common  Hardwood 


grade-basis  to  utilize  the  entire  board,  as  might  be  the 
case  in  carpenter-shop  operation. 

As  a  specific  example,  consider  the  top  grade  of  hard- 
woods under  the  present  grading  structure,  a  classifica- 
tion known  as  "firsts  and  seconds"  grade.  The  grade 
definition  defines  the  poorest  board  that  may  properly  be 
classed  within  the  grade  and  limits  it  in  terms  of  enumer- 
ated defects,  such  as  a  1%-in.  knot. 

In  16-ft.  lengths  a  board  6  in.  wide  can  make  the  top 
grade  with  two  defects ;  a  board  9  in.  wide,  three  defects ; 
12  in.  wide,  four  defects;  15  in.  wide,  five  defects;  abso- 
lutely without  regard  to  where  the  defects  may  appear 
in  the  board  or  to  their  relative  positions. 

Grading  By  "Enumerated  Defects"  Wrong  Principle 

Obviously,  the  cut-up  value  of  the  board  is  vitally 
affected  by  the  relative  positions  of  the  defects,  as  pos- 
sibly these  may  combine  so  as  to  render  the  board  next 
to  useless  from  the  standpoint  of  the  waste  entailed  in 
cutting  to  certain  requirements.  From  this  a  simple  and 
positive  statement  can  be  made  and,  indeed,  such  a  state- 
ment crystallizes  the  thought  into  specific  terms  as  to  the 
inadequacy  of  the  present  grades.  Bearing  in  mind  the 
example  just  given  and  illustrated  diagrammatically  in 
Fig.  1,  the  following  should  be  clear:  No  grade,  be  it  a 
top  grade,  an  intermediate  grade  or  the  lowest  grade, 
should  be  determined  by  the  enumerated  allowable  de- 
fects without  regard  to  the  location  of  those  defects  in 
the  board. 

Considering  an  intermediate  grade,  "No.  1  Common" 
may  be  briefly  reviewed.  In  this  grade  "clear  face  cut- 
tings" are  specified,  which  must  be  not  less  than  4  in. 
wide  by  2  ft.  long,  or  3  in.  wide  by  3  ft.  long,  neither 
being  given  the  preference,  thus  making  it  impossible  to 
figure  a  minimum  for  the  larger-size  cutting.  There  are 
factory  interests  that  from  the  nature  of  their  manufac- 
turing should  use  a  relatively  low-grade  lumber,  but  in 
such  lumber  they  must  be  assured  of  certain  cuttings.  If 
these  interests  require  the  4-in.-wide  cutting,  this  grade 
of  No.  1  Common,  just  defined,  would  give  them  abso- 
lutely no  assurance  of  a  minimum  percentage  of  4-in. 
cuttings.  The  present  grade  of  No.  1  Common  allows 
the  4-in.  cutting,  but  places  no  restriction  that  cuttings 
shall  be  wider  than  3  in.  in  order  that  the  board  shall 
make  the  grade.  The  grade  specifies  "clear  face,"  but 
some  utilities  require  the  opposite  faces  to  be  clear  and 
others  all  four  faces  clear. 

For  the  reason  thafgrading  on  the  present  basis  does 


not  take  cognizance  of  such  factors,  that  are  vitally  im- 
portant from  the  utilization  standpoint,  there  is  the  ever- 
increasing  tendency  to  buy  top-grade  lumber.  This,  of 
course,  includes  all  the  clear  lumber  produced  from  the 
tree,  so  the  purchaser  of  this  grade  knows  that  he  is  get- 
ting the  best  lumber  produced  and,  accordingly,  that  he 
stands  a  better  chance  of  covering  his  cutting  require- 
ments. 

The  next  step  in  the  process  is  for  the  consumer  to  feel 
the  increasing  cost  of  this  top-grade  material  and  to  come 
to  the  conclusion  that  the  cost  is  too  great.  He  will  then 
cast  about  for  a  substitute  for  hardwoods.  Hardwoods 
have  certain  inherent  qualities  that  are  possessed  by  no 
other  raw  material.  These  qualities  are  fully  tested  and 
a  substitution  of  other  qualities  cannot  produce  the  same 
finished  article.  Ultimately,  therefore,  the  burden  is 
passed  on  to  the  public.  By  the  same  process,  the  pro- 
ducer of  hardwoods  finds  a  ready  sale  for  the  high-grade 
lumber  from  the  log,  but  is  burdened  with  as  much  as 
from  40  to  50  per  cent  of  low-grade  material.  The  latter 
is  very  difficult  to  sell  and  is  sometimes  impossible  to 
move,  so  that  through  exposure  over  a  period  of  many 
years  at  the  sawmill  it  may  become  next  to  worthless. 

Economic  Season  for  High  Price  of  Hardwoods 

In  the  economic  analysis  of  this  condition,  the  top 
grades  under  the  present  basis  must  carry  the  burden 
of  the  low  grades;  otherwise  the  hardwood  producing 
plant  could  not  function.  And  it  must  be  borne  in  mind 
that  the  production  of  low-grade  hardwoods  entails  the 
same  proportionate  expense  that  is  incurred  in  the  pro- 
duction of  top-grade. 

Under  the  circumstances  just  cited  and  because  of  the 
lessening  of  the  supply  of  high-grade  hardwoods  in  our 
forests,  the  price-trend  of  this  material  must  be  upward; 
there  can  be  no  alternative.  Corrective  measures  are 
therefore  in  order  and  are  urgently  needed.     The  pro- 
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ducer  of  hardwoods  senses  the  situation  and  seeks  relief 
on  the  same  fundamental  ground  that  the  consumer  com- 
plains of  in  his  inability  to  realize  from  a  shipment  of 
lumber  in  the  face  of  oppressive  waste. 

The  drawing  reproduced  in  Fig.  1  shows  the  boards 
that  are  graded  as  either  No.  1  or  No.  2  Common  and 
that  in  Fig.  2  illustrates  the  wide  range  in  types  or 
classes  of  board  admitted  to  the  one  grade  of  No.  1  Com- 
mon. A  study  of  these  will  indicate  clearly  the  economic 
deficiency  of  a  grade  structure  that  places  all  these  boards 
under  a  like  classification.  Fig.  2  answers  very  clearly 
the  query  as  to  why  today  two  shipments  of  No.  1  Com- 
mon hardwoods  on  identical  orders  may  give  factory 
yields  varying  up  to  30  per  cent. 

It  should  be  clear  that  the  deficiency  of  the  present 
system  lies  in  the  failure  to  classify  the  board  on  the 
yield  basis.  In  the  present  scheme  the  entire  board  is 
the  grading  unit.  In  factory  lumber  the  board  is  to  be 
cut  up ;  hence  it  is  fundamentally  wrong  to  base  the  grade 
upon  the  entire  board  as  a  unit.  The  factory  cut-up  size 
should  be  the  grading  unit  and  the  manner  in  which 
factory  sizes  are  contained  in  the  board  should  determine 
the  grade,  for  on  that  basis  is  the  value  of  the  board 
determined  for  factory  purposes.  It  is  the  usable  ma- 
terial in  the  board  that  determines  its  value  to  the  fac- 
tory and,  accordingly,  this  is  the  only  basis  upon  which  a 
grading  structure  should  be  built. 

Corrective  Effort  to  be  Applied  in  Safe  and  Sane 

Way 

The  present  grades  are  not  based  upon  this  simple  and 
unassailable  fact.  However  inadequate  the  present 
structure  may  be,  it  cannot  be  abandoned  until  a  new 
vehicle  is  available  and  that  vehicle  has  been  tested  and 
found  to  be  thoroughly  true.  It  is  in  the  development  of 
this  new  structure  that  the  Hardwood  Manufacturers' 
Institute,  an  association  restricted  in  membership  to 
hardwood  producers  and  representing  over  35  per  cent 
of  all  the  hardwood  lumber  produced  in  this  Country, 
seeks  to  engage  the  interest  and  support  of  the  hardwood 
consumer  to  expedite  the  developing  of  maximum  service 
in  accordance  with  the  consumer's  need.  Within  the 
limitations  of  manufacture  this  represents  the  maximum 
service  to  the  producer  also. 

To  achieve  the  desired  end,  a  sound  foundation  must 
be  laid  and  must  consist  of  a  thorough  knowledge  of  the 
requirements  of  all  the  major  consuming  industries. 
This  knowledge  is  obtainable  only  by  an  engineering 
search  and  a  thorough  canvass  in  cooperation  with  the 
consumer. 

Great  Opportunity  for  Simplification 

Aside  from  a  great  saving  in  eliminating  the  unneces- 
sary waste  and  such  would  be  certain  in  developing  a 
new  grade  structure  on  the  basis  of  factory  yield,  great 
good  would  come  from  simplifying  the  grade  specifica- 
tions themselves.  The  curse  of  the  industry  lies  in  the 
disreputable  practice  of  grade  substituting,  manipulating 
or  juggling,  wherein  the  existing  complicated  grade 
specifications  shield  or  cloak  misrepresentation.  The 
consumer  who  buys  hardwoods  and  is  not  in  a  position 
to  judge  the  grade  of  a  shipment  is  helpless.  Without 
study  and  field  experience,  it  is  virtually  impossible  for 
the  layman  with  the  present  grade  specifications  to  recog- 
nize a  board  rapidly  in  terms  of  the  grade  classification. 

Grading  specifications  on  the  factory-yield  basis 
provide  an  opportunity  for  extreme  simplicity,  as  will 
be  apparent  from  the  following  example,  in  which  the 
existing  grade  of  No.  1  Common  is  given,  there  being 


printed  directly  underneath  it  a  simplified  grade  specifi- 
cation on  the  yield  basis  that  has  been  suggested  as  to 
form  only.  This  form  is  even  more  complicated  than  it 
might  be  in  grades  where  there  is  need  of  only  one 
determining  factor  instead  of  two.  Simple  specifications 
of  this  character  are  readily  understandable  and  would 
preclude  disreputable  practices  in  the  substitution  of 
hardwood  grades.  Both  the  producer  and  the  consumer 
of  hardwood  would  be  provided  with  a  simple  yardstick 
measure  of  lumber  values,  and  the  easy  application  of 
such  standards  would  do  much  to  remove  many  of  the 
difficulties  that  are  experienced  in  interpreting  and  in 
the  functioning  of  the  present  grades. 

NO.  1  commons 

(Present  Grade-Basis) 

Bright  sap  is  no  defect  in  the  common  grades. 

Widths  3  in.  and  greater,  not  to  exceed  5  per  cent  of 
3-in.  widths. 

Lengths  4  ft.  and  greater,  but  not  more  than  10  per 
cent,  may  be  4,  5,  6  and  7-ft.  lengths. 

Pieces  4  and  5  ft.  long,  must  be  clear. 

Pieces  3  and  4  in.  wide,  6  and  7  ft.  long,  must  be 
clear. 

Pieces  3  in.  wide,  8  to  16  ft.  long,  must  work  66?4 
per  cent  clear-face  in  not  over  two  cuttings;  no  cutting 
to  be  less  than  3  ft.  long  by  the  full  width  of  the  piece. 

Pieces  4  in.  wide,  8  to  16  ft.  long,  must  work  66^ 
per  cent  clear-face  in  not  over  two  pieces  in  cuttings 
2  ft.  and  over  long  by  the  full  width  of  the  piece. 

Pieces  6  ft.  long,  5  to  8  in.  wide,  may  have  one  stand- 
ard defect;  pieces  6  ft.  long,  9  in.  and  over  wide,  may 
have  two  standard  defects. 

Pieces  5  to  7  in.  wide,  7  to  11  ft.  long  must  work  66^ 
per  cent  clear-face  in  not  over  two  cuttings ;  pieces  5  to 

7  in.  wide,  12  ft.  and  over  long,  must  work  66^3  per 
cent  clear-face  in  not  over  three  cuttings. 

Pieces  8  in.  and  over  wide,  7  to  9  ft.  long,  must  work 
66-/3  per  cent  clear-face  in  not  over  two  cuttings ;  pieces 

8  in.  and  over  wide,  10  to  13  ft.  long,  must  work  6654 
per  cent  clear  face  in  not  over  three  cuttings;  pieces 
8  in.  and  over  wide  14  ft.  and  over  long,  must  work 
6673  per  cent  clear-face  in  not  over  four  cuttings. 

No  cutting  to  be  considered  which  is  less  than  4  in. 
wide  by  2  ft.  long,  or  3  in.  wide  by  3  ft.  long. 

SIMPLIFIED  SPECIFICATIONS 
(Suggested  as  to  Form  Only) 

Primary  Determining  Factor. — 4  in.  and  over  wide, 
48  in.  and  over  long,  clear  face. 

Secondary  Determining  Factor. — 4  in.  and  over  wide, 
24  in.  and  over  long,  clear-face.  Each  board  must  con- 
tain not  less  than  50  per  cent  primary  factor  and  yield 
a  total  of  not  less  than  75  per  cent  of  primary  and 
secondary  factors  combined. 

Central  Committee  on  Lumber  Standards 
The  Hardwood  Manufacturers'  Institute  has  created 
an  engineering  department  to  canvass  the  requirements 
of  consumers  and  to  cooperate  with  all  the  elements 
properly  concerned.  In  the  automotive  field,  work  has 
already  been  initiated  with  the  Society  of  Automotive 
Engineers,  specific  contact  having  been  made  with  the 
Passenger-Car  Body  Division  of  the  Standards  Com- 
mittee. 

Progressing  from  these  intimate  field-contacts,  the  en- 
tire lumber  standardization  program  proceeds  to  the 
Central  Committee  on  Lumber  Standards  that  has  head- 
quarters in  the  City  of  Washington.  This  is  an  execu- 
tive body  that  will  act  upon  approved  recommendations 
when  all  the  elements  are  in  harmony.  The  ultimate 
step  in  this  process  will  be  the  establishing  of  American 
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lumber  standards;  and  this  comprehensive  structure  will 
include  all  the  lumber  specifications  for  all  species,  both 
softwood  and  hardwood,  factory  and  building  woods. 
The  entire  fabric  will  be  constructed  as  a  standardized 
instrument  that  will  be  worthy  of  the  term  "American 
Lumber  Standards"  and  will  take  its  place  with  other 
American  standards,  registered  in  the  Bureau  of  Stand- 


ards under  the  Department  of  Commerce.  Hardwoods 
for  factory  use,  in  which,  as  has  been  said,  the  auto- 
motive industry  stands  second  in  the  volume  consumed, 
will  play  an  important  part  in  developing  the  American 
lumber  standards  and  there  is  no  question  that  specifi- 
cations on  the  yield  basis  will  rule  by  the  general  consent 
of  all  concerned. 


TRAINING  AUTOMOTIVE  MECHANICS 


AT  a  conference  held  by  the  Federal  Board  for  Vocational 
Training,  in  Detroit,  on  Nov.  29,  1922,  the  trend  of  the 
discussion  was  influenced  mainly  by  an  outline  of  pertinent 
subject-matter  that  had  been  prepared  and  circulated  in 
advance. 

First  consideration  was  accorded  the  questions  of  what 
type  of  automotive  repairman  is  in  greatest  demand;  whether 
assemblers  who  have  learned  how  to  install  repair  parts  or 
mechanics  possessing  higher  qualifications  are  the  more  satis- 
factory; why  any  general  machine-shop  experience  may  or 
may  not  be  an  asset  to  a  prospective  automotive  repairman; 
and  which  of  the  following  lines  of  work  have  value  in  train- 
ing automotive  mechanics:  blacksmithing,  sheet-metal  work 
and  machinist's  bench-work  including  chipping,  filing,  scrap- 
ing, fitting,  lining-up  and  the  like. 

Two  opposing  opinions  were  expressed;  one,  that  in  addi- 
tion to  his  ability  as  an  assembler  the  prospective  mechanic 
should  have  only  the  bench-work  end  of  the  machine-shop 
work  included  in  his  instruction;  the  other,  that  a  good 
grounding  in  general  machine-shop  practice  induces  more 
workmanlike  methods  of  repairing,  is  conducive  to  greater 
pride  of  the  workman  in  his  job  and  gives  him  a  good  basis 
for  future  progressive  efficiency.  A  representative  of  the 
hcological  system  outlined  the  three  grades  of  standardized 
ratings  for  watch-repairmen  as  determined  under  the  direc- 
tion of  the  Bureau  of  Standards  at  the  City  of  Washington. 
Reference  was  made  to  the  fact  that  certification  of  graduate 
mechanics  should  be  made  as  rigid  as  possible,  the  present 
driving  licenses  being  quoted  to  show  how  such  a  system  can 
be  abused  and  robbed  of  its  value.  A  suggestion  was  made 
that  vocational  schools  might  be  graded  according  to  their 
qualifications,  presumably  by  the  Federal  Board,  and  a  brief 
discussion  centered  about  whether  it  is  planned  to  educate 
men  to  be  foremen  or  to  be  general  mechanics.  Further  dis- 
cussion related  to  the  possibility  and  desirability  of  having 
the  vocational  schools  endeavor  to  specialize  their  pupils,  for 
part  of  the  course,  on  certain  vehicles  to  be  designated  by 
the  students. 

While  no  definite  conclusion  was  reached  regarding  the 
subjects  outlined  in  the  foregoing  paragraph,  or  even  any  pre- 
ponderance of  opinion  expressed  in  regard  to  any  one  of  them, 
the  tendency  seemed  toward  giving  the  pupil  as  much  instruc- 
tion and  experience  in  the  trades  closely  allied  to  the  actual 
repairing  of  automobiles  as  might  be  possible;  but  that  ex- 
tremes should  be  avoided,  such  as  foundry  work,  precision 
grinding  and  the  like.  It  is  believed  that  the  time  available, 
usually  12  to  18  months,  is  insufficient,  and  that  the  ordinary 
pupil  would  not  be  able  to  assimilate  more  than  a  limited 
amount  of  such  instruction. 

The  general  opinion  appeared  to  be  that  an  automotive 
mechanic  should  have  some  knowledge  of  the  properties  of 
the  materials  upon  which  he  works,  such  as  iron,  steel,  brass, 
aluminum  and  some  other  metals;  also,  that  pupils  should  be 
given  sufficient  information  about  the  heat-treating  of  steel 
to  enable  them  to  realize  the  danger  of  overheating  parts 
when  making  repairs  and  that,  possibly,  in  regard  to  minor 


parts,  the  student  should  be  made  able  to  approximate  proper 
methods  after  he  has  ascertained  from  the  manufacturer  or 
some  other  source  what  heat-treatment,  if  any,  should  be 
employed  for  the  work  in  hand. 

With  regard  to  whether  a  student  should  be  taught  any  of 
the  commercial  methods  of  the  garage  business,  a  practically 
unanimous  opinion  was  evidenced  to  the  effect  that  instruc- 
tion should  be  given  in  garage-business  fundamentals  and 
several  opinions  were  given  in  favor  of  including  also  some 
instruction  in  salesmanship,  so  that  the  student  will  be 
assisted  in  selling  his  services  to  an  employer  and  enabled  to 
establish  better  contacts  with  customers. 

Elementary  instruction  only  was  believed  necessary  in 
specialized  lines  such  as  gas-flame  welding,  radiator  repair- 
ing, and  tire  and  storage-battery  work,  the  view  being  that 
actual  working  conditions  should  be  the  exclusive  considera- 
tion in  the  school  shop  and  that  highly  specialized  tools  are 
apparently  losing  ground  in  the  larger  repair-stations.  How- 
ever, suggestions  were  made  as  to  means  of  obtaining  shop 
equipment  for  the  schools  from  motor-car  manufacturers  and 
sales  agencies  at  better  rates. 

Concerning  the  extent  to  which  technical  courses  in  the 
related  sciences,  such  as  drawing  and  mathematics,  should 
be  considered  an  integral  part  of  a  course  of  instruction,  what 
the  subject-matter  should  comprise  and  upon  what  it  should 
be  based,  it  was  thought  desirable  to  equip  a  lecture-room  in 
such  a  school  and  to  have  lectures  delivered  that  would  tend 
to  tie  pure  science  of  this  character  to  actual  shop  practice, 
but  no  definite  opinions  were  expressed  as  to  how  deep  into 
the  related  sciences  such  a  course  should  go. 

It  has  been  stated  that  an  important  part  of  the  training 
of  a  welder  is  the  development  in  him  of  a  "job  conscience," 
and  the  questions  were  raised  whether  a  similar  qualification 
would  be  desirable  for  an  automotive  mechanic  and,  if  so, 
how  to  develop  it;  but  the  only  suggestion  made  was  that 
machine-shop  training  would  aid  materially  in  such  an  accom- 
plishment. 

In  view  of  the  short  time  available  each  evening,  it  was 
brought  out  that  any  comprehensive  course,  such  as  giving 
shop  training  on  repair  work  to  beginners  or  making  the  eve- 
ning courses  available  to  those  who  can  secure  shop  experi- 
ence on  the  job  as  a  part  of  their  regular  work,  would  extend 
over  too  long  a  period;  but,  starting  with  men,  who  have 
had  little  or  no  mechanical  training,  6  weeks  was  considered 
entirely  too  short  a  period  for  the  adequate  training  of  an 
automotive  mechanic. 

Regarding  certain  phases  of  training  and  whether  they  can 
be  given  better  in  a  school  or  in  an  outside  garage  or  service- 
station,  it  was  explained  that  a  majority  of  the  schools  bring 
in  outside  work  in  an  endeavor  to  simulate  garage  operating- 
conditions  and  that  some  schools  maintain  separate  garages 
for  this  purpose. 

It  remained  an  open  question  as  to  what  agency  could  best 
assume  the  responsibility  for  setting  up  training  standards 
and  job  specifications,  if  these  were  deemed  advisable  for 
application  to  automotive  repairmen. 
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THE  Committee  on  Motor-Vehicle  Lighting  of  the 
Illuminating  Engineering  Society  conducted  a 
number  of  road  tests  with  head-lamps  in  1918  for 
the  purpose  of  establishing  a  set  of  rules  as  a  basis  for 
the  approval  of  road-lighting  devices.  As  a  result  of  the 
experiences  gained,  these  rules  were  revised  Feb.  9,  1922, 
and  were  published.2  These  rules  were  approved  at  a 
recent  meeting  of  the  motor-vehicle  administrators  of  10 
States.  This  action  undoubtedly  will  pave  the  way  for 
their  establishment  as  the  recognized  standard  in  this 
Country  by  the  American  Engineering  Standards  Com- 
mittee. 

It  seems  that  the  efforts  of  the  American  designers 
have  been  directed  mainly  to  the  production  of  new  lenses, 
tilting  mechanisms  and  other  devices  applicable  to  exist- 
ing ordinary  head-lamps  representing  on  the  whole  make- 
shifts. Very  little  attempt  has  been  made  to  approach 
the  problem  from  an  entirely  new  angle.  It  has  also 
been  advocated  recently  that  the  highways  of  the  Country 
be  illuminated  as  a  solution  of  the  lighting  problem.  Such 
an  installation  would  be  not  only  very  wasteful,  as  at 
least  some  of  the  lamps  would  have  to  burn  all  night, 
traffic  or  no  traffic,  but  also  very  undesirable  from  the 
standpoint  of  the  driver,  since  lack  of  contrast  on  the 
road  would  prevent  the  quick  vision  of  obstacles.  Fur- 
thermore, the  passing  at  regular  intervals  of  light-sources 
of  high  intensity  would  produce  periodic  contraction  and 
dilation  of  the  iris  and  finally  eye-strain.  These  objec- 
tions are  patent,  not  to  mention  the  most  formidable 
argument  against  it,  which  is  the  high  cost  of  installa- 
tion and  maintenance  that  the  taxpayer  would  oppose 
most  strenuously.  The  only  alternative  to  this  proposal 
is  to  have  each  vehicle  its  own  light-source  for  the  illu- 
mination of  the  road. 

Glare  Problem  in  Europe 

A  brief  resume  of  the  glare  problem  in  Europe  shows 
that  the  authorities  abroad  are  struggling  with  the  same 
difficulties,  striving  to  find  a  basis  for  a  satisfactory  head- 
lamp specification.  Since  the  end  of  May,  1922,  a  new 
law  has  been  in  operation  throughout  France,  limiting 
the  vertical  spread  of  the  beam  projected  by  vehicle  head- 
lamps to  1  m.  (39%  in.)  from  the  level  ground.  Head- 
lamps that  do  not  comply  with  this  requirement  are  pro- 
hibited. The  operation  of  powerful  automobile  head- 
lamps, undimmed,  within  the  city  limits,  is  also  prohib- 
ited. For  this  reason  many  automobiles,  particularly 
taxis,  can  be  observed  driving  through  the  streets  of 
Paris  equipped  only  with  old-fashioned  oil-lamps.  The 
situation  in  London  is  similar.  After  all,  no  satisfac- 
tory head-lamp  has  been  developed  in  France  to  date. 

No  uniform  law  with  respect  to  lighting  vehicles  is  in 
existence  in  Germany  at  present.  In  a  general  way  local 
ordinances  have  one  provision  in  common,  namely,  that 
in  driving  through  city  streets  the  head-lamps  must  be 


1  M.S.A.E. — Mechanical  engineer,  dean  of  the  California  School 
of  Mechanical  Arts.  San  Francisco. 

'  See  Transactions  of  the  Illuminating  Engineering  Society,  vol.  14, 
p.  64;  see  also  S.A.E.  Handbook,  vol.  1,  p.  B7. 

'  See  Third  Interim  Report.  Sept.  30,  1921;  see  also  Transactions 
of  the  Optical  Society  (London),  vol.  23. 

•See  Transactions  of  the  Optical  Society   (London),  vol.  23. 

■See  Transactions  of  the  Optical  Society  (London),  vol.  23. 


switched  off  entirely  or  must  be  dimmed.  The  head- 
lamps must  also  be  dimmed  on  the  country  highways  in 
meeting  other  vehicles.  This  is  rarely  done,  however. 
Very  elaborate  constructions  for  tilting  and  sliding  spher- 
ical mirrors  and  cups  around  and  over  the  lamp-bulbs 
are  being  marketed  in  an  attempt  to  solve  the  glare  prob- 
lem. It  is  safe  to  say  that  these  mechanisms  are  rarely 
operated,  as  their  manipulation  is  left  to  the  discretion 
of  the  driver. 

The  Departmental  Committee  on  Lights  on  Vehicles  of 
the  Ministry  of  Transport  of  Great  Britain3  states  that 
it  has  conducted  very  extensive  experiments  on  the  best 
standard  electric  head-lamps  and  devices  put  forward 
today  as  a  solution  of  the  dazzle  problem.  The  Commit- 
tee defines  glare  or  dazzle  as  "such  an  intensity  of  light 
reaching  the  eye  of  an  observer  as  to  cause  material  inter- 
ference with  his  normal  vision,  under  the  conditions  ex- 
isting at  the  time  of  observation."  Correct  as  this  defin- 
ition is,  it  appears  to  me  that  it  should  be  somewhat  ex- 
tended, since  the  degree  of  dazzle  in  addition  is  a  func- 
tion of  the  total  flux  of  light  reaching  the  eye  of  an  ob- 
server as  well  as  a  function  of  the  contrast  in  intensity 
between  the  light-source  and  its  background. 

These  well-known  facts  have  been  confirmed  again  in 
a  series  of  head-lamp  experiments  carried  out  recently 
by  Dr.  G.  Gehlhoff  and  Dr.  H.  Schering  at  the  Goerz 
plant  in  Germany.  In  their  report,*  the  authors  state 
that  the  permissible  intensity  of  a  9-in.  head-lamp  on  a 
well-lighted  street  is  27,000  apparent  cp. ;  while,  on  a 
dark  country  highway,  an  intensity  of  only  900  apparent 
cp.  constitutes  the  extreme  allowable  upper  limit. 

In  the  British  tests,3  more  than  100  lamps  and  devices 
were  thoroughly  tested  in  the  laboratory,  some  of  them 
being  also  subjected  to  the  road  test.  This  test,  orig- 
inated by  the  Royal  Automobile  Club  and  standardized 
by  the  British  Engineering  Standards  Association,  was 
approved  and  adopted  by  the  Ministry  of  Transport.  The 
result  of  these  tests  revealed  the  fact  that  not  one  wholly 
satisfactory  and  practicable  lamp  or  dimming  device  to 
avoid  glare  has  been  discovered.  The  Committee  reaches 
the  conclusion  that  "prevention  of  dazzle  under  every 
condition  and  circumstance  is  at  present  unattainable 
with  a  safe  driving-light." 

The  report  furthermore  points  out  that  dimming  de- 
vices cause  such  a  reduction  of  intensity  in  the  driving 
light  as  to  render  them  unsuitable  for  the  faster  moving 
vehicles,  and  that  a  much  more  promising  solution  of  the 
problem  lies  in  modifications  of  the  design  of  the  head- 
lamp by  which  improved  control  over  the  beam  of  light 
will  be  attained. 

In  Appendix  1  of  the  report,  the  Committee  finally 
records  a  detailed  specification  of  head-lamps  for  the 
information  and  guidance  of  designers  and  manufac- 
turers, in  which  the  two  essential  characteristics  of  head- 
lamps are 

(1)  A  penetrating  beam  for  distant  illumination 

(2)  A  beam   of  diffused   light  to  illuminate  the  fore- 
field 

Major  A.  Garrard,  who  has  been  associated  with  the 
tests  made  for  the  Ministry  of  Transport  Committee5  in     , 
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Fig.  1 — Diagram  of  Positions  for  Testing  Head-Lamps  Specified  by  the  Society  of  Automotive  Engineers 


an  excellent  paper  on  Motor-Car  Headlights  presented  to 
the  Illuminating  Engineering  Society  in  London,"  March 
17,  1921,  discusses  the  rules  formulated  by  the  American 
Illuminating  Engineering  Society,  analyses  the  glare 
problem  and  finally  states  that  the  essentials  of  a  head- 
lamp that  will  keep  the  light  below  the  eyes  and  will  at 
the  same  time  give  sufficient  illumination  for  safety  both 
of  the  vehicle  and  of  others  on  the  road  are 

(1)  A  fairly  wide  but  relatively  dim  beam,  with  a  well 
defined  upper  limit,  3  or  4  ft.,  from  the  ground  so 
as  to  illuminate  hedges,  ditches  and  the  road  in 
front  of  the  car 

(2)  A  central  broad  but  shallow  penetrating  beam  of 
much  greater  intensity  with  a  well  defined  upper 
limit  of  3  or  4  ft.  from  the  ground  for  distance 
observation 

(3)  A  diffused  or  subdued  beam  having  a  very  wide 
angle,  and  corresponding  to  the  light  obtained  di- 
rectly from  the  filament 

In  conclusion,  therefore,  the  question  of  a  satisfactory 
driving  light  is  not  one  merely  of  intensity  but  also  one 
of  distribution. 


"See  The  Illuminating  Engineer  (London),  vol.  14,  p.  920, 


Lenses  or  systems  of  lenses,  owing  to  their  optical 
characteristics,  cannot  efficiently  produce  the  results  de- 
manded by  Major  Garrard,  and  it  seems  that  head-lamps 
constructed  of  mirrors  and  combinations  of  mirrors  give 
more  promise  of  success.  It  is  evident  that,  to  attain 
high  efficiency,  the  total  flux  from  the  light-source  must 
be  collected  and  controlled  so  that  a  large  part,  the  pri- 
mary rays,  will  be  projected  in  a  brilliant,  shallow  beam 
into  the  distance,  and  the  remainder,  the  secondary  rays, 
utilized  for  fore-field  and  side-field  illumination. 

Anti-Glare  Head-Lamp 

In  thus  reviewing  the  situation,  here  and  abroad,  the 
outstanding  fact  is  revealed  that  no  practical  solution  of 
an  all-round  satisfactory,  anti-glare  head-lamp  has  yet 
been  discovered.  It  is  the  purpose  of  this  paper  to  de- 
scribe a  new  and  most  promising  device  invented  and  de- 
veloped by  an  engineer  in  San  Francisco.  This  new  de- 
sign represents  a  radical  departure  from  the  beaten  path 
of  head-lamp  construction  and  approaches  in  a  marked 
degree  the  ideal  driving-light  outlined  in  Major  Gar- 
rard's paper. 


Fig.    2 — Comparison   of  the   Characteristics   of  a  Beam    Issuing   from   an    Ordinary  Fixed 

Paraboloid  Reflector  under  Normal  Conditions  and  when  Deflected  either  Mechanically 

or  Optically  and  That  Issuing  from  a  Double-Reflector  Head-Lamp 
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The  anti-glare  head-lamp  in  its  present  form  is  the 
outcome  of  painstaking  study  and  research  work  on  the 
part  of  the  designer  during  the  past  6  years,  involving 
an  entirely  new  principle  in  light  projection  using  two 
reflectors.  Its  unusual  performance  is  accomplished  by 
a  combination  of  a  6-in.  paraboloid  reflector  with  an 
oblique  projecting  reflector.  Through  an  extraordinary 
control  of  the  beam,  a  light  distribution  is  accomplished 
that  has  never  been  attained  before  in  a  practical  head- 
lamp. It  produces  two  distinct  fields  of  illumination,  one 
of  high  intensity  for  distance  observation  and  another  of 
moderate  intensity  for  side  and  fore-field  illumination. 

The  beam  is  projected  through  a  vertical  slit  %  in. 
wide  and  4  in.  long.  All  the  rays  from  the  light-source 
pass  through  this  opening.  None  is  intercepted.  They 
are  projected  almost  entirely  below  a  horizontal  plane, 
42-in.  above  the  ground. 

Fig.  1  is  a  diagram  of  specified  test  positions  for  test- 
ing head-lamps  recommended  by  the  Society.7 

Fig.  2  gives  the  characteristics  of  the  beam  issuing 
from  an  ordinary  fixed  paraboloid  reflector  at  the  top  of 


Fig.    5 — Front  and   Side   Views   of  the  Double-Reflector  Lamp 

the  objectionable  features  of  the  beam  coming  from  the 
ordinary  head-lamp,  with  its  maximum  intensity  in  the 


Fig.   3 — Illu 


_~ELE-REFI,ECT0R    HEAD-LAMP 


the  illustration,  the  same  beam  deflected  either  optically 
or  mechanically  in  the  central  portion  and  that  of  the 
double-reflector  lamp  at  the  bottom.  We  are  familiar  with 


•  See  S.A.E.  Handbook,  vol.  1,  p.  BS. 


-Interior 'OF  a  Theater  Illuminated  with  a  Doable- 
Reflector  Lamp 


axis,  of  the  beam,  with  its  glare  and  its  waste  of  the 
upper  half  of  the  light  flux.  The  tilted  reflector,  in  an 
attempt  to  reduce  glare,  illuminates  the  roadway  with  a 
maximum  intensity  too  close  to  the  car,  where  it  is  not 
needed,  and  where  it  is  very  harmful  to  the  vision  of 
the  driver  in  his  endeavor  to  observe  distant  objects. 
The  tilted  beam  illuminates  these  remote  objects  only 
with  a  reduced  intensity  where  high  intensity  is  para- 
mount. 

In  the  beam  projected  by  the  double-reflector  lamp  the 
maximum  intensity  is  distributed  uniformly  across  the 
top  of  a  broad  field  of  illumination,  as  if  the  wasted 
upper  half  of  the  ordinary  beam  had  been  folded  back 
over  the  lower  half,  doubling  its  intensity.  The  primary 
rays  of  high  intensity  run  parallel  to  the  roadway, 
spreading  approximately  50  ft.  in  a  distance  of  100  ft. 
The  secondary  rays  of  lower  intensity  illuminate  the 
regions  directly  in  front  and  to  the  side  of  the  car.  Addi- 
tional side  and  fore-field  illumination  is  obtained  by  an 
independent,  small  side-lamp  integral  with  the  housing. 
This  side-lamp  can  be  used  also  as  a  parking  light. 

Fig.  3  shows  the  illumination  of  the  road.     The  ob- 
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server  stands  directly  in  front  of  the  head-lamp,  looking 
toward  it.  The  small  vertical  white  speck  in  the  distance 
indicates  the  aperture  of  the  lamp.  The  distance  is  ap- 
proximately 100  ft.  Note  the  absence  of  glare  and  the 
distribution  of  the  light  on  the  roadway  by  a  single  lamp. 
Fig.  4  shows  the  interior  of  a  theater,  looking  toward 
the  stage.  The  position  of  the  observer  is  directly  behind 
the  lamp.  Note  the  50-ft.  spread  of  the  beam  on  the  wall 
100  ft.  distant,  the  moderate  fore-field  illumination  and 
the  high  intensity  of  the  beam  across  the  horizontal  top 
line,  42  in.  above  the  ground.  Note  also  the  uniform 
height  and  the  sharp  definition  of  beam. 


TABLE   1 — HEAD-LAMP  TEST  DATA 


1922  Limits  of  the  II- (  £ 
luminating  Engi-|£ 
neering  Society  andJ  K 
the  Society  of  Auto-  « 
motive  Engineers      [S 


Apparent  Candlepower  at  Test  Positions 


.sun 


7.200 


sun 


2,400 


D         E'        F» 


800 


1,200    1,200 


5,000 


2.000 


Head-Lamps  and  Lenses 
Tested 

Results  of  Tests 

Double-Reflector    Head- 

9,000 

13,000 

800 

700 

12,500 

16,500 

19,000 

4,000 

Lens  T'o 

4,200 

10,750 

2,150 

790 

1,390 

6,750 

2,050 

7,550 

910 

540 

1,525 

14,000 

3,900 

11.000 

1,900 

535 

1,015 

5,400 

Lens  W>°. 

2,000 

6.100 

970 

510 

815 

9,750 

3,350 

6,700 

1,900 

640 

1,010 

5,750 

Tilting  Reflector  Y» 

1,165 

1.640 

990 

495 

1,120 

8,230 

Tilting  Reflector  Z'!. .  . 

3,710 

4,930 

2,110 

915 

Note  : — Many  states  limit  bulb-candlepower  for  head-lamp  lenses 
in  addition  to  limiting  the  tests,  but  such  limitations  do  not  apply 
to  the  double-reflector  head-lamp;  any  size  of  bulb  can  be  used, 
because  glare  is  eliminated. 

s  Test  positions  E  and  F  were  omitted  in  the  1922  Revised  Rules. 

9  Tests  were  conducted  by  the  engineering  department  of  the 
National  Lamp  Works  of  the  General  Electric  Co.,  in  the  fall  of 
1920.  Each  head-lamp  was  equipped  with  a  6-in.  paraboloid  reflec- 
tor and  a  36-cp.  bulb.  The  lamps  were  42  in.  apart,  and  readings 
were  taken  at  a  distance  of  45  ft. 

10  Data  supplied  by  the  division  of  motor  vehicles  of  one  of  the 
states  that  has  adopted  the  rules  of  the  Illuminating  Engineering 
Society.     The  lenses  are  of  leading  American  makes. 

11  Each  lamp  was  equipped  with  a  9-in.  paraboloid  reflector  and 
a   14.5-cp.   bulb.     The   lamps  were   26    in.   apart. 

12  Each  lamp  was  equipped  with  an  S%-in.  paraboloid  reflector 
and  a   16.4-cp.   bulb.     The   lamps  were   25 '/i    in.   apart. 

In  Table  1,  test  data  are  given  comparing  the  lamp 
with  double  reflectors  and  a  few  of  the  best  known  ap- 
proved lenses  and  devices  with  the  requirements  formu- 
lated by  the  Illuminating  Engineering  Society  and  the 
Society  of  Automotive  Engineers.  These  rules  specify 
the  use  of  21-cp.  bulbs  in  making  head-lamp  tests.  All 
State  traffic-laws  in  approving  lenses  and  other  devices 
also  impose  limitations  upon  the  candlepower  of  bulbs  to 
be  used.  These  provisions  are  made  with  a  view  to  limit- 
ing glare.  The  double-reflector  lamp  practically  elim- 
inates glare,  such  limitations  become  obsolete  and  bulbs 
of  any  candlepower  can  be  used. 

The  peculiar  body  shape  of  the  double-reflector  lamp 
is  revealed  by  a  study  of  Fig.  5,  which  gives  front  and 
side  views  of  the  newest  design.  The  interior  is  readily 
accessible  by  a  removal  of  the  air-tight  cap,  held  in  posi- 
tion by  one  clamp.  The  front  slit,  as  well  as  the  side 
opening  for  the  parking  light,  is  plainly  visible. 

Fig.  6  gives  a  vertical  section  through  the  lamp  in 
which  a  is  a  6-in.  paraboloid  reflector,   and  b-c  an  in- 


Fig.  6 — Vertical  .Section-  through  the  Lamp 

clined  reflector,  redirecting  and  reshaping  the  light  beam 
as  it  is  received  from  a.  Both  reflectors  are  manufac- 
tured from  sheet  brass,  highly  polished  and  silvered; 
they  are  mounted  so  that  they  constitute  a  rigid,  com- 
plete unit.  All  light  rays  meet  in  a  vertical  line  at  the 
aperture  d  before  leaving  the  housing  e.  The  housing  is 
pressed  from  light-gage  sheet-steel  stock  and  black  enam- 
eled. The  focusing  adapter  /  permits  a  minute  adjustment 
of  the  position  of  the  filament  in  all  directions.    A  small 


Fig.   7 — Phantom   View  op  the  Lamp 

spherical  reflector  used  for  side  lighting  is  indicated  at  g. 
The  cover  k  is  held  securely  in  position  by  the  clamp  h. 
The  weight  of  one  lamp  complete  is  approximately  7  lb. 

For  the  purpose  of  illustrating  the  operation  of  the 
lamp  and  its  light  control,  a  phantom  view  is  shown  in 


Fig.  8 — Diagram  of  Light  Distribution 
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Fig.  9 — Meridian  Section  and  Plan  View  of  the  Head-Lamp 

Fig.  7,  a  pictorial  representation  in  Fig.  8  and  a  meridian 
section  with  a  plan  view  in  Fig.  9.  Here  I  represents  the 
flux  of  light  as  it  is  leaving  the  lower  vertical  reflector. 
In  their  upward  path  the  rays  are  intercepted  by  the 
inclined  reflector  b-c,  redirected  and  reshaped  into  two 
distinct  fields  of  intensity  k  and  If.  This  latter  reflector 
is  a  surface  of  rotation,  whose  generatrix  consists  of  two 


distinct  branches  and  whose  axis  is  x-y.  The  lower  branch 
b  is  an  oblique  straight  line  forming  an  angle  of  approxi- 
mately 45  deg.  with  the  vertical  axis  x-y  and  generating 
the  surface  of  the  frustum  of  a  cone.  This  reflecting 
surface  collects  the  bulk  of  the  light  rays  and,  in  pro- 
jecting them,  furnishes  the  powerful,  penetrating  beam 
U  for  distance  observation  as  it  would  appear  on  a  ver- 
tical screen  placed  in  front  of  the  lamp.  The  upper 
branch  c  is  an  arc  of  a  parabola,  having  its  axis  at  wv-n 
and  its  focus  at  /,.  The  reflecting  surface  generated  by- 
rotating  this  parabolic  arc  about  the  axis  x-y  produces 
the  field  If  of  moderate  intensity  for  the  region  directly 
in  front  and  to  the  side  of  the  car  in  addition  to  strength- 
ening the  field  /,;.  It  will  be  observed  that  the  light  rays 
from  c  cross  first  on  a  horizontal  circular  arc  /,-/,  and 
then  again  on  the  vertical  line  x-y. 

The  mirror,  as  manufactured,  differs  slightly  from 
this  theoretically  correct  surface  to  compensate  for  the 
absence  of  reflected  light  from  the  base  of  the  bulb  and 
for  the  purpose  of  radiating  direct  rays  from  the  source. 

The  lower  portion  of  the  surface  b  is  actually  gener- 
ated, not  by  a  straight  line  but  by  an  arc  of  a  parabola 
of  a  large  parameter,  whose  vertical  axis  and  focus  are 
to  be  found  to  the  left  of  the  mirror.  This  modification 
has  not  been  shown  in  the  illustration  for  fear  of  ob- 
scuring a  perfect  understanding  of  this  description. 
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Illustrated  with  Photographs  and  Charts 


IN  the  case  of  the  internal-combustion  engine,  where 
virtually  every  separate  portion  of  explosive  mix- 
ture behaves  differently,  the  usual  thermodynamic  in- 
terpretations of  the  pressure-volume  indicator-card,  as 
applied  to  steam  engineering,  have  little  value.  In  in- 
ternal combustion,  the  pressure-volume  diagram  is  of 
value  only  as  an  expression  for  the  product  of  the 
force  exerted  upon  the  piston-top  times  the  distance 
through  which  the  piston  moves. 

The  paper  begins  with  the  fundamental  phenomena 
and  develops  therefrom  a  diagram  such  that  each  fuel- 
mixture  particle  can  be  properly  exposed  for  analysis 
during  the  process  of  combustion.  This  is  termed  the 
pressure-volume-quantity  card,  and  it  is  described  in 
detail  and  illustrated.  An  extended  consideration  of 
its  surfaces  follows,  inclusive  of  mathematical  analysis. 
Work  and  losses  are  discussed,  including  the  mathemat- 
ical derivation  of  the  so-called  pseudo-hysteresis  loss, 
the  gross  and  the  net  work  done;  a  comparison  is  made 
with  the  pressure-volume  card;  the  indicated  thermal 
efficiency  relation  is  treated ;  a  representation  of  de- 
tonation is  presented ;  and  the  important  points  of  the 
paper  are  summarized. 

THE  application  of  thermodynamics  to  the  internal- 
combustion  engine  has  been  notably  lacking  in 
beneficial  results.  This  is  primarily  because  of 
the  fact  that  the  so-called  thermodynamics  of  internal 
combustion  has  been  an  extension  of  the  science  as  it  is 
applied  to  steam  engineering,  rather  than  a  development 
strictly  applicable  to  internal  combustion  and  based  upon 
its  fundamental  phenomena. 

To  be  more  specific,  the  pressure-volume  indicator- 
card,  which  is  ordinarily  considered  as  a  part  of  thermo- 
dynamics, is  essentially  nothing  more  than  elemental 
energetics  representing  in  a  graphical  manner  the  product 
of  force  times  distance.  In  steam  engineering,  certain 
curves  of  this  diagram  have  been  found  to  have  thermo- 
dynamic interpretations.  These  interpretations  have 
been  sufficiently  reliable  to  yield  the  necessary  informa- 
tion as  to  the  heat  interchanges  occurring  during  the 
process  of  converting  heat  energy  into  mechanical  energy. 
This  is  due  to  the  fact  that  any  one  portion  of  steam 
within  the  steam-engine  cylinder  can  rightfully  be  con- 
sidered as  behaving  in  identically  the  same  manner  as 
any  other  portion.  But,  in  the  case  of  the  internal-com- 
bustion engine,  where  virtually  every  separate  portion 
of  explosive  mixture  behaves  differently,  such  interpre- 
tations have  no  value.  Consequently,  in  internal  com- 
bustion, the  pressure-volume  diagram  is  of  value  only  in 
its  fundamental  application;  that  is,  as  an  expression  for 
the  product  of  the  force  exerted  upon  the  piston-top  times 
the  distance  through  which  the  piston  moves.  So  far  as 
internal  combustion  is  concerned,  all  attempts  to  convert 
this  card  into  useful  thermodynamics  have  been  unsuc- 
cessful. 


1  M.S.A.E. — Chief  engineer,  fuel  section,  General  Motors  Research 
Corporation,  Dayton,  Ohio. 

-  Mathematician,  fuel  section.  General  Motors  Research  Corpora- 
tion. Dayton,  Ohio. 


Fig.   1- 


-prdssure-volume-quantirt   card  for   normal 
Combustion 


The  purpose  of  this  paper  is  to  begin  with  the  funda- 
mental phenomena  and  develop  therefrom  such  a  diagram 
that  the  behavior  of  each  particle  during  the  process  of 
combustion  can  be  exposed  for  analysis  properly.  Un- 
fortunately, there  is  at  present  a  lack  of  quantitative 
fundamental  data  to  draw  from,  and  this  very  lack  of 
data  can  be  attributed  to  the  fact  that  heretofore  such  a 
system  as  we  present  in  this  paper  has  not  been  avail- 
able. Therefore,  to  develop  the  theoretical  hypotheses, 
it  has  been  found  necessary  to  make  many  quantitative 
assumptions.  It  has  been  found  expedient  also  to  use 
some  approximate  mathematical  expressions  where  the 
true  expressions  are  extremely  difficult,  if  not  impossible, 
to  integrate.  This  development  is  presented  therefore, 
not  in  the  belief  that  it  is  a  finished  product,  but  rather 
that  it  presents  for  the  first  time  a  method  of  truly  rep- 
resenting the  thermal  relationships  existing  in  internal 
combustion.  It  gives  at  once  a  better  understanding  of 
the  thermodynamics  involved  in  internal  combustion  in  a 
qualitative  way  and,  with  these  qualitative  conceptions 
before  the  engineer,  quantitative  data  will  follow  in  due 
course  of  time;  so,  the  thermodynamics  of  internal  com- 
bustion may  eventually  be  placed  upon  as  sound  and  prof- 
itable a  basis  as  the  thermodynamics  of  steam  engineer- 
ing has  proved  to  be. 

The  Pressure-Volume-Quantity  Card 

Fig.  1  is  a  photograph  of  the  theoretical  card  develop- 
ment that  constitutes  the  major  portion  of  this  paper. 
This  card  is  a  solid  figure  plotted  so  that  the  vertical 
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axis  represents  pressure,  P;  the  left-to-right  axis,  volume, 
V;  and  the  front-to-rear  axis,  progressive  portions  of 
the  charge,  Q. 

On  such  a  diagram  the  work  done  by  an  individual  par- 
ticle is  represented  by  the  cross-section  of  the  figure  as 
cut  by  a  plane  of  Q  =  a  constant.  The  work  done  by  or 
upon  the  entire  charge  is  represented  by  total  volumes. 
This  particular  diagram  is  a  theoretical  card  of  100-per 
cent  volumetric  efficiency  with  perfect  scavenging.  It 
makes  no  allowance  for  the  mechanical  shortcomings  of 
the  engine,  valve  mechanism  and  ignition.  However,  an 
effort  has  been  made  to  make  due  allowance  for  the  heat 
losses  to  the  jacket  occurring  in  an  engine. 

At  point  A  of  the  card  in  Fig.  1,  the  piston  is  at  bot- 
tom dead-center.  It  is  assumed  that  the  cylinder  con- 
tains a  charge  of  theoretical  mixture  proportions  at 
atmospheric  pressure  and  temperature  plus  a  quantity 
of  exhaust  gas  equal  to  the  clearance  volume.  Compres- 
sion takes  place  along  the  compression  line  A  —  B,  the 
piston  arriving  at  top-center  B  where  ignition  takes 
place.  The  piston  is  assumed  to  halt  at  top-center  dur- 
ing the  process  of  combustion.  The  first  particle  of 
gas  that  burns  expands  from  B  to  C,  this  expansion 
being  caused  by  three-quarters  of  its  heat  of  combustion. 
The  remaining  one-quarter  of  the  heat  of  combustion  of 
the  particle  is  assumed  to  be  unavailable  on  account  of 
equilibrium  conditions  between  the  uncombined  atoms 
from  the  fuel  and  the  products  formed  by  the  partial 
combustion  of  the  particle  under  consideration.  The 
foregoing  discussion  considers  simply  the  first  particle  of 
mixture  that  has  entered  combustion.  As  an  aggregate 
of  fuel  particles  undergo  combustion,  it  is  evident  that 
the  pressure  will  be  raised;  so,  by  the  time  one-tenth  of 
the  total  mixture  has  been  burned,  the  unburned  portion 
of  the  mixture  will  have  been  compressed  adiabatically 
until  its  pressure  has  been  raised  to  the  point  D.  When 
the  next  particle  of  the  gas  undergoes  combustion,  it 
burns  along  the  line  D  —  E.  This  process  is  continued 
until  combustion  of  the  charge  is  complete. 

While  the  gas  ahead  of  the  flame-front  is  being  com- 
pressed adiabatically,  the  portion  of  the  charge  that  has 
been  burned  is  also  being  raised  to  the  same  pressure; 
but,  in  the  latter  case,  the  character  of  the  compression 
is  not  adiabatic,  because  the  gas  is  losing  heat  to  the 
cylinder-walls  by  radiation  and  conduction.  The  infor- 
mation on  this  compression  is  meager  and  far  from  com- 
plete. However,  the  information  that  is  available  indi- 
cates that  the  nature  of  this  compression  approaches  iso- 
thermal conditions  more  nearly  than  adiabatic.  No  mate- 
rial departure  from  these  conditions  is  made  if,  in  the 
absence  of  accurate  data,  it  is  assumed  that  this  com- 
pression is  of  such  a  nature  that  during  its  compression 
the  burned  gas  comes  to  precisely  the  same  conditions  of 
temperature  and  pressure  as  that  portion  of  the  gas 
which  has  just  completed  combustion.  Thus,  the  burned 
gas  which  has  been  compressed  to  F  is  assumed  to  be 
at  the  same  temperature  and  pressure  and  to  have  the 
same  specific  volume  as  the  gas  at  E.  This  process  of 
compression  to  the  rear  of  the  flame-front  continues 
until  all  the  gas  has  been  burned,  when  its  condition  is 
represented  by  the  line  G-H. 

Expansion  now  takes  place  along  a  surface,  which  can 
be  determined  by  actual  indicator-cards,  to  the  end  of  the 
stroke,  /-/,  at  which  point  the  exhaust-valve  opens  and 
conditions  return  to  atmospheric,  thus  completing  the 
card. 

It  may  be  observed  that  the  burned  gas  which  has  been 
compressed  along  a  near  isothermal  and  expanded  along 


a  near  adiabatic  has  thereby  caused  work  to  be  done 
upon  it.  This  work  is  represented  by  the  volume  L. 
Applying  an  electrical  term,this  volume,  which  represents 
a  loss  of  work,  can  be  called  the  pseudo-hysteresis  loss. 
The  positive  volume  of  the  card  represents  the  gross 
work  that  has  been  done  by  the  gas.  The  difference  be- 
tween the  gross  work  and  the  pseudo-hysteresis  loss  is 
then  the  net  work.  This  difference  should  equal  the  work 
delivered  to  the  piston  and  equal  the  area  of  the  conven- 
tional pressure-volume  card. 

Detailed  Consideration  of  Surfaces 

By  the  very  nature  of  the  construction  of  the  diagram, 
the  front  and  rear  surfaces  are  simple  flat  planes  of  equa- 
tions Q  =  0  and  Q  =  1,  respectively.  Assumptions,  re- 
search and  approximations  are  unnecessary  in  these 
cases. 

Up  to  the  point  at  which  ignition  occurs,  the  equation 
governing  the  compression'  surface  can  be  determined 
from  an  actual  indicator-card,  and  the  surface  can  be 
extrapolated  from  this  point  to  the  completion  of  combus- 
tion. The  general  equation  for  this  surface  should  be 
PV"  =  K.  No  assumptions  or  approximations  are  nec- 
essary here;  but,  to  justify  the  extrapolation  thoroughly, 
further  research  work  should  be  carried  on  to  determine 
definitely  that  the  unburned  gas  ahead  of  the  flame-front 
does  compress  adiabatically. 

The  combustion  surface  is  one  of  the  most  interesting 
developments  of  this  theoretical  work.  It  has  been  shown, 
in  a  paper3  entitled  Molecular  Movements  during  Com- 
bustion in  Closed  Systems,  presented  at  a  meeting  of  the 
Pennsylvania  Section  in  1921,  that  the  general  equation 
for  an  intercept  of  this  surface  by  any  vertical  plane, 
Q  =  a  constant,  should  be 


Py  —  P-W/g  (V  — V.) 


(1) 


where 
g  =32.2 

P  =  the  pressure 
Pi  =  a  constant 
V  =  the  specific  volume 
Vi  =  a  constant 

W  =  the   quantity  of  gas   entering  the   flame-front  per 
unit  time 

This  intercept  is  a  straight  line  of  slope  proportional 
to  the  square  of  the  reaction  velocity.  In  normal  combus- 
tion, the  departure  of  this  line  from  the  horizontal  is  so 
slight  that  it  need  not  be  taken  into  consideration.  It  is 
only  when  detonation  occurs  that  the  slope  of  this  line 
plays  an  important  part  in  the  diagram.  The  projection 
of  the  combustion  surface  upon  a  vertical  plane,  V  =  a 
constant,  is  determined  in  the  following  manner: 

Since  at  any  point  during  combustion  the  sum  of  the 
volumes  of  the  burned  and  the  unburned  portions  of  the 
mixture  must  equal  the  clearance  volume,  an  expression 
can  be  derived  on  this  basis  relating  the  pressure  to  the 
quantity  of  fuel  burned.  The  specific  volume  of  the  un- 
burned portion  of  the  gas  at  any  pressure  is  defined  by 
the  point  on  the  compression  line  corresponding  to  that 
pressure;  likewise,  the  specific  volume  of  the  burned 
portion  of  the  gas  at  the  same  pressure  is  defined  by  the 
corresponding  point  on  the  line  G  —  C.  Then,  if  Q  rep- 
resents the  portion  of  fuel  burned  at  any  point,  the 
clearance  volume,  C„  is 


where 


(QXVO  +  (1  —  Q)  V, 


3  See  The  Journal,  May,  1922,  p.  361. 


V,  =  (K/P)v,  the  specific  volume  of  the  unburnt  gas 
(adiabatic  compression) 
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Vz=  (K/P)»  +  ±Y,  the   specific   volume  of  the  burnt 
gas 

y  =  Cp/Cv,  the  ratio  of  the  specific-heats  of  the  gas 
-M'  —  C/P,  as    derived    in   equation    (3)    for   constant- 
pressure  burning 

Substituting, 


V3  =  (K/P)"  +  C/P 


Then, 

Q  [(K/P)l  +  CP]  +  (l  —  Q)  (K/P)»  =  d 
Q(C/P)  +  (K/P)»  =  d 

Q  =  P/Cl&—(K/P)»]  (2) 

The  actual  variation  of  P  with  Q,  as  determined  by 
equation  (2),  departs  so  little  from  a  straight-line  law 
that  such  a  relation  can  be  assumed  with  inconsiderable 
error.    The  equation  resulting  from  this  assumption  is 

P  =  mQ  +  b 
Where 

6  =  the  compression  pressure 
m  =  the  total  pressure-rise  during  combustion 
P  =  the  pressure  in  pounds  per  square  inch 
Q  =  the  fraction  of  mixture  burned 

The  situation  with  respect  to  the  combustion  sur- 
face can  be  summarized  by  saying  that  very  little  more 
research  work  need  be  done  to  make  a  proper  determina- 
tion of  this  surface.  However,  the  true  equation  of  this 
surface  is  a  very  complex  function,  because  it  is  a  com- 
bination of  equations  (1)  and  (2)  ;  but,  during  normal 
combustion  and  within  the  limits  of  reasonable  compres- 
sion-ratios, the  equation  of  this  surface  departs  so  little 
from  the  simple  expression  P  =  mQ  +  6  that  the  varia- 
tions can  be  considered  negligible,  and  the  mathematics 
can  be  simplified  greatly  by  adopting  this  expression  as 
the  equation  of  the  combustion  surface.  While  only  an 
approximation,  its  deviation  from  the  true  value  is  less 
than  0.5  per  cent. 

Burned-Gas  Compression-Surface 

In  deriving  the  expression  for  the  burned-gas  com- 
pression-surface, the  first  essential  is  the  determination 
of  the  percentage  of  the  heating  value  of  the  fuel  that  is 
available  before  equilibrium  conditions  are  set  up  be- 
tween the  uncombined  atoms  and  molecules  of  the  fuel 
and  the  products  of  combustion.  This  equilibrium  con- 
dition has  commonly  been  referred  to  by  engineers  as 
dissociation,  and  a  considerable  amount  of  experimenta- 
tion and  numerous  calculations  have  been  made  by  a 
number  of  investigators  in  attempting  to  settle  this  much 
disputed  point.  There  is  as  yet  no  agreement  of  opinion 
on  this  subject,  and  further  experimental  work  is  neces- 
sary before  it  can  be  established  definitely.  The  net  re- 
sult of  the  theoretical  investigation  reported  in  this  paper 
indicates  that  the  mean  average  of  available  heat  is  about 
75  per  cent  of  the  total  heating  value  of  the  mixture. 
The  use  of  this  value  will  yield  net  results  that  agree 
with  practice.  In  constructing  this  theoretical  diagram, 
therefore,  we  have  assumed  that  each  particle  of  fuel, 
upon  combustion,  liberates  75  per  cent  of  its  total  heat- 
ing value. 

The  next  point  to  determine  is  the  nature  of  the  com- 
pression of  the  burned  gases.  Careful  analysis  of  the 
work  of  Woodbury,  Lewis  and  Canby*  yields  the  sugges- 
tion that  gases  to  the  rear  of  the  flame-front  are  com- 
pressed approximately  in  accordance  with  isothermal 
conditions,  giving  up  heat  by  conduction  to  the  walls  as 


'See  The  Journal,  March,  1921,  p.  209. 


well  as  by  radiation.  This  point  deserves  further  inves- 
tigation. It  is  important  to  establish  the  magnitude  of 
the  pseudo-hysteresis  loss,  because  it  can  be  reduced  ma- 
terially by  proper  engine  design  and  operation.  Inas- 
much as  there  are  no  exact  data  covering  the  nature  of 
this  compression,  we  have  felt  at  liberty  to  select  a  type 
of  compression  that  approximates  an  isothermal  and  lends 
itself  to  simple  mathematical  analysis.  This  assumption 
is  simply  that,  when  each  particle  of  fuel  has  reached 
the  end  of  its  combustion,  all  the  gas  previously  burned 
has  been  so  compressed  that  it  has  assumed  the  same 
conditions  of  pressure,  temperature  and  specific  volume 
as  that  of  the  particle  under  consideration.  In  other 
words,  the  assumption  is  that  the  burned  gas  is  com- 
pressed along  the  same  curve  as  that  which  limits  the 
expansion  of  the  burning  particles,   and  which  can   be 

i 
seen  from  its  equation,  V  =  C/P  -\-  (K/P)y,  to  be  nearly 
an  isothermal. 

The  derivation  of  the  equation  based  upon  these  as- 
sumptions is  as  follows :  If  H  equals  the  heat  added  dur- 
ing constant-pressure  burning, 

H  =  \VC,AT 
where 

C/i  =  the  constant-pressure  specific-heat 
AT  =  the  temperature  rise 
W  =  the  weight  of  the  gas  burned 

Then,  for  any  particle,  AW,  and  where  h  equals  the 
available  heat  per  unit  weight  of  the  gas, 

AW  x  h  =  AWCpAT 

AT  =  [(jyy,)_i]  7\ 
2\=  (PVlX  144)  /R 
where 

P  —  the  pressure  in  pounds  per  square  inch 
R  :=778  (Cp  —  Cv),    the    quantity    within    the    paren- 
thesis being  the  difference  between  the  constant- 
pressure  and  constant-volume  specific-heats 
7\  =  the  initial  absolute  temperature 
Vi  =  the  initial  specific  volume 
V?  =  the  final  specific  volume 
then 

h  =  CP(V,  —  V,)  [P(IU/R)  ] 
=  wXH[Cr—  (C,[p«/p.])] 
where 

Cc  =  the  volume  of  the  cylinder 
Ci  =  the  clearance  volume 
H  =  the  heat  value  per  pound  of  fuel 
h  =  the  available  heat  per  pound  of  mixture 
pa  =  atmospheric  pressure 
p.s  =  the  suction  pressure 

P  ( V,  —  V,)  =  hR/Cp  X  144 

=  C  (3) 

But  V,  =  (K/P)!l,  from  the  adiabatic  compression  of 
the  unburnt  gas.  Therefore,  equation  (2)  for  the  curve 
limiting  the  expansion,  and  for  the  compression  of  the 
burned  gas  becomes 

V,  =  C/P+  (K/P)«  (4) 

The  expansion  surface  can  be  determined  from  an 
actual  indicator-card,  since  its  intercept  with  a  plane, 
Q  =  a  constant,  corresponds  to  the  expansion  line  of  the 
indicator-card.  In  the  theoretical  card  under  discussion, 
the  equation  of  the  expansion  surface  has  been  assumed 
to  be  PVy  =  A.  No  further  assumptions  are  necessary 
and  no  approximations  are  used;  so,  no  research  work  is 
necessary  on  this  surface. 

Work  and  Losses 

The  pressure-volume-quantity  card  will  be  observed  to 
consist  of  two  separate  volumes ;  the  smaller  is  called  the 
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pseudo-hysteresis  loss,  the  larger  being  termed  the  gross 
work.  The  difference  between  these  two  volumes  repre- 
sents net  work,  and  it  should  correspond  to  the  area  for 
work  on  the  conventional  pressure-volume  card.  To 
determine  these  volumes  it  is  simply  necessary  to  inte- 
grate between  the  bounding  surfaces.  The  pseudo- 
hysteresis  loss  will  be  considered  first. 

DERIVATION  OF  PSEUDO-HYSTERESIS  LOSS 
Basic  Equations 

V=C/P+  (K/P)i 
C  =  P*V) 


(Compression    of    the    burnt    gas. 

(5) 


V=(A/P)y  (Adiabatic  expansion)  (6) 

Q  (C/P)  +  (K/P)v+  (1  — Q)   (X/P)»=C.  (Clearance 
volume)  •  (7) 

For  all  practical  purposes,  the  pressure  varies  with  the 
amount  of  fuel  burnt,  Q,  according  to  a  straight-line  law. 

P  =  niQ -\- b    (approximately)  (8) 

where 

6  =  the  compression  pressure 
ra  =  the  total  pressure-rise  during  combustion 
Q  —  the  fraction  of  the  charge  burnt 
PVv  =  K  (Compression  of  the  unburnt  gas)  (9) 

The  loss  is  determined  by  the  integration  of  the  ex- 
pression 


/■•  fp'  r  « 

JQi       J  Pi        JV1 


dPdV 


The  limits  of  the  integration  are 

P  =  Final  pressure 
P,  —  mQ  +  b 
Q.  =  0 
Q,  =  l 

Vi  =  (A/P)» 

v,  =  c/p  +  (K/py» 

Substituting  the  limits  given,  we  obtain 
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Fig.  2 — Diagram  Showing  the  Net  Work  Done  by  the  Gases  and 

the  Work  Delivered  to  the  Piston  in  a  Specific  Case 
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Compression-  Ratio 

Fig.  3 — Thermal  Efficiencies  for  Different  Compression-Ratios 

i-  i  lalculated  by  the  equations  based  on  the  pressure-volume- 

Quantity  Card 


-p  r  f 

JO  J  mQ  +  b   J  (. 


Loss 
Integrating  gives 


C/P  f  (K/P)y 

l  dQdPdV 

(A/P)'J 


(A>  —  A*)/{—  1/2/ +  1)  LP--     »    +1 


Loss  : 

—  (pri  +2  —  Pc-«+'1  )/(p,  —  Pc)  (— 1/» +  2>] 

+  C—[(CPc/\_P.  —  P^)  (logiVPc)] 
GROSS  WORK  DONE 
Basic  Equations 

PV"  =  K  (Compression  of  unburnt  gas)  (10) 

PV  =  A  (Expansion  line)  (11) 

P  =  mQ  —  6   (Combustion  surface)  (12) 

The  card  can  be  divided  into  two  parts  at  the  plane  P 
equals  compression  pressure,  and  the  two  volumes  thu° 
obtained  can  be  integrated  separately.    Then, 

Gross  Work  =    /  /  /  dQ  dP  dV  + 

JQi        J  Pi      J  Vi 


[/, 


Va 


(Pc-P)dV 


J 


where 

P  =K/V" 

Pc  =  compression  pressure  =  & 

Vc  =  clearance  volume 

Vd  =  cylinder  volume 
The  limits  used  in  the  integration  are 

Pi  =  b 

P,  =  mQ  +  b 

Q,=  0 

Q,  =  l 

V,  =  (K/P)i 

V,=  (A/P)« 
Substituting  the  limits,  we  obtain 

C\       CmQ  +  b    f(A/P)ljn 
Gross  Work  =   /  II  i   dQ 

JO       Jb  J(K/P)'i 


dPdV  + 


fVt 

JVc 


PrdV—  (K/W)dV 


Integrating  and  simplifying  gives 

Gross  Work  =  (A»  —  K»)  /  (—  1/y  +  1) 

[(P2-i  +2  —P7X»  4  2)/(— 1/2/  +  2)  (P,  —  Pc)] 
+  (K  —  A)/(y  —  l)  DV1 
where 

D  =  cylinder  volume 
Pc  =  compression  pressure 
P2  =  final  pressure 
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Since   the  net   work  equals   the  gross   work  less   the 
pseudo-hysteresis  loss, 

Net  Work  =[  (jd  —  id)  y/{y—  1)]  P,~»  +  *  +  (K  —  A) 

/  (y  —  1)  D^  —  C  +  [  (CPc/P,  —  Pc)  (log  e  <  P:/P0  )■ )  ] 

Pressure-Volume  and  Pressure-Volume-Quantity- 
Card  Comparison 

In   Fig.    2,   the    solid   lines    represent    a   conventional 
pressure-volume  card,  and  the  dotted  lines  represent  the 


Fig.    4 — A   Pressure-Volume- 
Quantity  Card  Showing 
Detonation 

projection    on    the   plane,    Q  =  0,    of   the    corresponding 
pressure-volume-quantity  card. 

The  main  usefulness  of  the  pressure-volume  card,  as 
stated  previously,  is  as  a  graphical  representation  of  the 
pressure  applied  to  the  top  of  the  piston  against  the  dis- 
tance through  which  the  piston  moves,  the  area  of  which 
is  a  measure  of  the  work  delivered  to  the  piston.  On  the 
other  hand,  the  pressure-volume-quantity  card  repre- 
sents the  work  done  by  the  gases.  It  is  evident,  there- 
fore, that  the  work  represented  by  the  volume  of  the 
pressure-volume-quantity  card  should  equal  the  work 
represented  by  the  area  of  the  pressure-volume  card. 
Actual  calculations  upon  the  special  case  diagrammatically 
represented  in  Fig.  2  give  the  following  result  per  pound 
of  mixture:  Net  work  done  by  the  gases  as  obtained 
from  the  pressure-volume-quantity  card  equals  146,200 
ft-lb.  The  work  delivered  to  the  piston  as  represented 
by  the  area  of  the  pressure-volume  card  equals  146,600 
ft-lb. 


Fig.  5 — Pressure-Time  Card  from  an  Engine  with  Normal. 
Combustion 

The  slight  discrepancy  between  the  above  two  numer- 
ical values  is  representative  of  the  approximations  used 
in  deriving  the  formula  for  net  work  on  the  pressure- 
volume-quantity  card.  It  is  felt  that  the  agreement  be- 
tween these  two  numerical  values  is  sufficiently  close  to 
justify  for  the  present  the  assumptions  and  approxi- 
mations made  in  this  work. 

The  diagram  in  Fig.  3  shows  thermal  efficiencies  for 
different  compression-ratios  calculated  by  the  equations 
based  upon  the  pressure-volume-quantity  card.  The 
gross  as  well  as  the  net  work  is  represented.  The  differ- 
ence between  these  two  curves  represents  the  pseudo- 
hysteresis  loss.  No  increase  of  heat  loss  due  to  higher 
compressions  was  used  in  these  calculations;  so,  the  in- 
crease in  the  pseudo-hysteresis  loss  indicates  the  increas- 
ing importance  of  correct  thermal  design  in  engines  of 
higher  compression-ratios.  The  customary  efficiency 
curve,  derived  by  conventional  thermodynamics  using 
n  =  1.2,  is  shown  also  in  Fig.  3. 

Representation  of  Detonation 

Although  the  primary  purpose  of  this  paper  is  not  a 
discussion  of  the  phenomenon  of  detonation,  the  paper 
would  be  incomplete  without  showing  how  detonation  can 
be  represented  on  the  pressure-volume-quantity  card.  The 
pressure-volume  card  does  not  lend  itself  to  depicting 
detonation  because,  at  the  time  detonation  occurs,  the 
piston  is  approximately  at  top  dead-center;  the  result  is 
that  the  pressure  rise  in  both  normal  combustion  and 
detonation  is  represented  as  a  single  straight  vertical 
line  at  one  end  of  the  card.  The  pressure-time  card  is  a 
distinct  improvement  upon  the  pressure-volume  card  for 
studying  detonation  insofar  as  it  shows  a  distinct  differ- 
ence between  pressure  changes  in  normal  combustion  and 
the  rapid  rise  of  pressure  that  occurs  in  detonating  com- 
bustion. However,  the  pressure-time  card  does  not  con- 
vey a  clear  conception  as  to  what  detonation  is.  A 
pressure-volume-quantity  card  representing  detonating 
combustion  is  shown  in  Fig.  4. 

Referring  to  the  formula  Pl  —  P=  {W/g)  (V—VJ, 
it  has  been  pointed  out  in  this  paper  that  the  normal  re- 
action velocity,  W,  is  so  small  that  the  Q  intercept  of  the 
combustion  surface  does  not  depart  materially  from  a 
horizontal  line.  When  detonation  occurs,  this  is  no 
longer  true ;  W  becomes  so  large  that  the  departure  of  a 
Q  intercept  of  the  combustion  surface  from  the  hori- 
zontal must  be  taken  into  account.  In  fact,  this  intercept 
becomes  nearly  vertical  instead  of  horizontal,  as  shown 
in  the  diagram  in  Fig.  4.  This  representation  of  detona- 
tion on  the  pressure-volume-quantity  card  is  far  superior 
to  the  representation  on  the  pressure-time  card.  How- 
ever, the  pressure-time  card  must  be  relied  upon  for  tak- 


6 — Pressure-Time  Card  from  an  Engine  That  Was 
Detonating 
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ing   data   on    detonation,   for   which   purpose   it   is   far 
superior  to  the  pressure-volume  card. 

It  is  obvious  that  detonation,  as  represented  on  the 
pressure-volume-quantity  card,  is  a  localized  phenomenon 
that  only  a  portion  of  the  fuel  charge  undergoes.  Fur- 
thermore, it  is  obvious  from  the  pressure-volume-quantity 
card  that,  during  detonation,  more  mechanical  work  is 
obtained  from  the  heat  energy  of  the  fuel  than  in  the 
case  of  normal  combustion,  and  yet  we  do  not  find  en- 
gines that  deliver  more  work  when  detonating.  The 
explanation  of  this  is  very  simple.  The  increased  trans- 
formation of  heat  energy  depicted  on  a  pressure-volume- 
quantity  card  during  detonation  is  delivered  as  kinetic 
energy.  The  localized  pressure  is  a  high-pressure  wave 
that  depends  for  its  very  existence  upon  accelerating 
mass-particles  to  its  rear,  and  it  is  the  kinetic  energy  of 
these  mass-particles  that  is  represented  by  the  increased 
volume  shown  in  Fig.  4.  Unfortunately,  our  engines  are 
not  designed  to  take  advantage  of  these  high  velocities 
of  the  mass-particles.  If  it  were  possible  to  have  an 
auxiliary  turbine  within  the  cylinder-head,  this  kinetic 
energy  could  be  put  to  useful  work;  but,  as  it  is,  this 
energy  dissipates  itself  as  a  violent  surging  of  the  gases, 
and  eventually  becomes  heat  energy. 

In  substantiation  of  this  explanation,  Figs.  5  and  6  are 
included.  These  show  two  photographic  pressure-time 
cards  taken  from  the  same  engine  within  2  or  3  min.  of 
each  other.  In  Fig.  5,  the  engine  was  operating  on  normal 
combustion.  The  only  surging  apparent  is  of  the  type 
normal  to  such  combustion.  Fig.  6  shows  a  card  from 
the  same  engine  when  it  is  detonating.  The  violent  surg- 
ing shown  is  a  clear  indication  of  the  large  amount  of 
kinetic  energy  liberated  during  detonation  that  could  not 
be  utilized  by  the  piston. 

Summary 

The  important  points  of  this  paper  are  summarized  as 
follows : 

(1)  A  diagram  has  been  presented,  which  although 
inaccurate  on  account  of  the  lack  of  quantitative 
data,  is  nevertheless  qualitatively  representative 
of  the  exact  phenomenon  of  combustion  as  it 
occurs  in  the  internal-combustion  engine 

(2)  By  means  of  this  diagram,  the  fallacy  of  the  con- 
ventional pressure-volume  card  as  a  basis  for  ther- 
modynamic interpretation  of  internal  combustion 
is  shown 

(3)  The  mechanism  of  an  important  loss  that  has 
heretofore  been  improperly  understood,  the  so- 
called  pseudo-hysteresis  loss,  is  revealed 

(4)  It  is  shown  that  detonation  can  be  represented  truly 
upon  the  pressure-volume-quantity  card 

THE  DISCUSSION 
W.  G.  Wall: — According  to  the  theory  advanced   in 
the  paper,  the  expansion  of  certain  particles  produces  a 


higher  pressure  and,  when  the  knock  is  eliminated,  a  cer- 
tain amount  of  power  that  would  otherwise  be  available 
is  lost. 

Thomas  Midgley,  Jr.  : — No.  To  have  a  high-pressure 
wave,  there  must  be  a  high  concentration  of  particles  in 
the  wave-front.  Consequently,  the  remainder  of  the 
charge  will  have  its  pressure  reduced  slightly.  However, 
that  is  not  where  the  loss  of  power  during  knocking  comes 
from.  The  loss  of  power  is  a  secondary  effect.  During 
detonation,  the  flame-front  is  radiating  more  heat  than 
otherwise,  and  it  is  because  of  this  extra  loss  of  heat  to 
the  water-jacket  that  we  fail  to  get  as  much  power  out 
of  an  engine  that  is  knocking  as  we  do  from  this  same 
engine  when  the  knock  is  eliminated  by  the  addition  of 
an  anti-knock  material. 

R.  W.  A.  Brewer: — Have  you  satisfied  yourself  as  to 
what  causes  the  noise  of  detonation? 

Mr.  Midgley: — Dr.  H.  C.  Dickinson  explained  that,  at 
least  to  my  entire  satisfaction,  when  he  showed  that  the 
high-pressure  high-velocity  wave  striking  the  side  of  the 
cylinder-head  would  cause  the  cylinder-head  to  vibrate 
as  though  it  had  been  struck  with  a  hammer  and  would, 
consequently,  give  off  the  typical  noise  that  we  hear  dur- 
ing detonation. 

Mr.  Brewer: — The  thickness  of  the  cylinder  would 
have  an  effect  upon  the  character  of  the  sound  of  the 
knock,  would  it  not? 

Mr.  Midgley: — Yes. 

P.  J.  Dasey: — Have  you  made  any  investigation  as  to 
what  effect  different  spark-plug  positions  have  on  detona- 
tion? 

Mr.  Midgley: — The  spark-plug  position  has  some 
effect.  I  cannot  lay  down  a  definite  set  of  rules  for  the 
best  location  of  spark-plugs.  To  my  mind,  the  spark- 
plug position  in  the  Knight  engines  seems  to  be  ideal. 
This  is,  however,  physically  impossible  to  obtain  in  a 
valve-in-head  engine. 

G.  T.  Briggs: — Have  you  any  definite  idea  as  to  the 
practical  limit  to  which  one  can  go  in  raising  com- 
pressions? 

Mr.  Midgley: — I  feel  confident  that  a  7  to  1  com- 
pression-ratio will  be  very  close  to  the  practical  limit  in 
increasing  compressions.  We  found  that  we  gained  so 
little  in  going  above  a  ratio  of  7  to  1  that  it  was  not 
worth  the  trouble. 

A  Member: — How  do  you  explain  the  increased  ten- 
dency of  kerosene  to  detonate,  compared  with  gasoline? 

Mr.  Midgley: — We  simply  know  that  it  is  true.  In 
the  equation  W  =  KD"T'",  the  factor  K  must  be  deter- 
mined experimentally.  In  the  paraffin  series,  we  have 
satisfied  ourselves  that  K  increases  with  a  decrease  in 
volatility.  In  the  case  of  the  aromatics,  K  diminishes 
with  a  decrease  in  the  volatility.  How  it  behaves  in  other 
series  of  hydrocarbons,  we  do  not  know  at  the  present 
time,  but  we  are  working  on  the  problem. 
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THIS  paper  is  a  report  of  a  series  of  tests  conducted 
during  the  summer  of  1922  by  the  authors  at  the 
Engineering  Experiment  Station  of  Purdue  University. 
The  work  consisted  of  research  into  the  operation  of 
internal-combustion  engines  under  comparatively  high 
compression  on  ordinary  gasoline  without  detonation. 
The  compression-ratio  of  the  engine  was  6.75  and  the 
compression  pressure  was  122  lb.  per  sq.  in.,  gage. 
The  ingoing  charge  was  passed  through  a  hot-spot 
vaporizer  and  thence  through  a  cooler  between  the  car- 
bureter and  the  valves.  Jacket-water  temperatures  be- 
tween 150  and  170  deg.  fahr,  were  carried  at  the  outlet 
port  of  the  jacket. 

The  theory  held  by  the  authors  as  to  the  causes  of 
detonation  of  the  combustible  charge  is  presented 
briefly.  The  source  of  the  two  phases  of  detonation  en- 
countered in  this  work  is  believed  to  be  overheated 
areas  in  the  combustion-chamber.  The  methods  of  com- 
bating these  hot  spots  are  given  in  detail,  and  the  spe- 
cial equipment  applied  to  the  engine  to  accomplish  the 
desired  result  is  described.  The  effects  of  load,  speed, 
compression-ratio  and  mixture-ratio  are  studied,  and 
curves  showing  the  variation  in  the  engine  character- 
istics due  to  each  factor  are  submitted.  All  tests  were 
run  without  a  trace  of  detonation. 

The  results  of  the  work  point  to  the  following  con- 
clusions: 

(1)  Automobile  engines  designed  to  give  a  uni- 
form cooling  of  the  combustion-chamber  walls 
will  permit  the  use  of  much  higher  compres- 
sion-ratios than  those  employed  at  present, 
with  a  consequent  gain  in  engine  power  and 
economy 

(2)  The  fuel-air  ratio  for  maximum  economy 
borders  upon  the  lean  limit  for  reliable  com- 
bustion 

(3)  For  maximum  power,  the  mixture-ratio  need 
not  exceed  0.075  lb.  of  gasoline  per  lb.  of 
dry  air 

(4)  With  concentrated  heating  of  the  mixture  at 
the  carbureter  outlet,  a  local  temperature  of 
125  deg.  fahr.  is  sufficient  to  give  good  opera- 
tion at  full  throttle.  Cooling  to  100  deg. 
fahr.  at  the  valves  is  desirable  if  the  com- 
pression pressure  of  the  engine  is  high.  At 
part  loads,  a  hot-spot  temperature  of  175 
deg.  fahr.,  with  or  without  intermediate  cool- 
ing, will  give  good  results  with  lean  mixtures 

THE  factor  that  controls  the  thermodynamic  effi- 
ciency of  an  internal-combustion  engine  is  the 
expansion-ratio.  In  the  standard  automotive  en- 
gine, this  is  practically  equal  to  the  compression-ratio, 
which  determines  the  pressure  of  the  charge  at  the  time 
of  ignition.    To  secure  the  benefits  of  greater  expansion, 
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therefore,  the  detonation  that  results  when  compression 
pressures  are  high  must  be  eliminated. 

The  compression-ratio  that  can  be  used  with  any  given 
fuel  is  limited  by  the  tendency  of  the  engine  to  detonate 
under  certain  conditions  of  operation.  If  the  gain  in 
efficiency,  due  to  the  increased  expansion  of  the  hot 
gases,  is  great  enough  to  offset  the  additional  expense 
and  care  required  in  the  design,  construction  and  mainte- 
nance of  the  engine  to  obviate  detonation,  it  is  evident 
that  the  higher  compression-ratio  is  desirable.  It  is  the 
purpose  of  this  paper  to  set  forth  the  means  adopted  by 
us  to  overcome  detonation  under  high  compression- 
pressures,  to  show  the  gain  in  power  and  economy  and 
to  present  such  incidental  characteristics  of  engine  per- 
formance as  apply  to  engine  and  accessory  design. 

Detonation,  as  the  term  is  applied  ordinarily  in 
internal-combustion-engine  operation,  is  accompanied  by 
one  of  two  characteristic  kinds  of  knock.  The  sharp 
metallic  "ping"  that  is  most  commonly  encountered  in 
automotive  engines  appears  to  originate  from  too  early 
ignition  of  the  compressed  charge.  This  knock,  if  due  to 
excessive  spark-advance,  is  eliminated  by  proper  timing 
of  the  ignition.  If  retarding  the  spark  produces  no 
diminution  of  the  knock,  the  preignition  is  probably  due 
to  some  overheated  spot  within  the  combustion-chamber. 
We  know  of  no  means  of  distinguishing  between  these 
two  sources  of  preignition  except  by  manipulation  of  the 
spark-timing. 

A  second  kind  of  detonation  occurs  after  ignition  has 
originated  from  the  electric  spark  and  is  characterized 
by  a  dull,  heavy  thud.  Such  a  knock  is  evident  at  times 
in  both  high  and  low-compression  engines.  It  is  appar- 
ently an  intermediate  stage  between  auto-ignition  and 
normal  combustion.  With  high  compression-pressures, 
ignition  that  is  timed  to  occur  after  the  dead-center  may 
be  followed  by  this  heavy  thud  when  the  engine  is  thor- 
oughly heated-up.  Automobile  engines  with  the  usual 
compression-ratio  show  the  same  trait,  when  the  spark 
is  retarded  after  a  period  of  preignition,  due  to  an  early 
spark  or  to  excessive  carbon  deposit.  One  form  of 
detonation  may  merge  into  the  other  or  may  disappear 
entirely,  depending  upon  the  condition  of  normal  engine 
operation.  Sufficient  spark-lag  will  eliminate  the  heavy 
pounding,  but  at  the  expense  of  both  power  and  economy. 

The  following  theory  seems  to  offer  a  reasonable  ex- 
planation of  this  second  phenomenon.  The  charge  is 
ignited  by  the  spark  and  burns  at  a  normal  rate  of  flame 
propagation  during  the  early  stages  of  the  reaction.  The 
unburned  gas,  which  has  been  heated  during  the  com- 
pression stroke,  is  compressed  still  further  by  the  expan- 
sion of  the  products  of  combustion  behind  the  flame-cap. 
Unless  the  heat  due  to  this  latter  compression  is  trans- 
ferred to  the  combustion-chamber  walls  as  rapidly  as  it 
is  generated,  the  temperature  of  the  entire  mass  of  the 
gas  rises  to  the  ignition  point  and  explodes  instan- 
taneously, producing  a  hammer-blow  effect  in  both  shock 
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and  sound.  In  support  of  this  hypothesis  is  the  experi- 
mental evidence  that  the  knock  ceases  when  certain  sus- 
pected high-temperature  areas  are  subjected  to  addi- 
tional cooling.  The  absorption  of  heat  from  the  com- 
bustible charge  is  thereby  facilitated  and  auto-ignition 
is  prevented. 

The  foregoing  description  and  explanation  of  the  two 
types  of  detonation  point  to  the  following  sources  as  be- 
ing most  open  to  suspicion.  Preignition  due  to  auto- 
ignition  before  the  passage  of  the  spark  may  originate 
from  an  excessive  temperature  of  either  the  spark-plug 
core  or  electrodes,  the  exhaust-valve,  the  center  of  the 
piston-head  or  from  any  other  point  in  the  combustion- 
chamber  that  is  not  cooled  sufficiently.  Detonation  that 
follows  normal  ignition  may  be  due  to  any  of  the  above 
sources  except  the  first.  Hence,  careful  attention  to  the 
cooling  of  the  entire  combustion-chamber  is  essential  to 
the  suppression  of  detonation. 

In  addition  to  the  elimination  of  hot-spot  areas,  it  is 
advisable  to  maintain  a  low  entrance-temperature  of  the 
fuel-air  mixture.  The  temperature  of  the  compressed 
charge  must  never  exceed  the  ignition  point  of  the  fuel 
before  the  passage  of  the  spark  and,  to  prevent  the  charge 
from  being  overheated  by  compression  in  the  cylinder, 
the  initial  charge-temperature  must  be  reduced  to  the 
minimum  consistent  with  uniform  distribution  to  secure 
the  thermal  advantages  of  a  high  compression-ratio. 

High-Compression  Engine  Performance  Tests 

With  this  conception  of  the  benefits  and  the  detriments 
inherent  in  a  high  compression-ratio,  a  series  of  tests 
was  planned  to  study  engine  performance  under  high 
compression.  The  objects  of  the  tests  were:  (a)  to 
determine  roughly  the  maximum  compression-pressure 
an  automobile  engine  can  carry  on  standard  gasoline 
under  a  representative  range  of  operating  conditions 
without  detonation,  and  (b)  to  study  the  characteristics 
of  the  engine  when  so  modified.  The  difficulties  en- 
countered in  securing  satisfactory  operation,  the  methods 
used  in  overcoming  them  and  the  reasons  for  the  adop- 
tion of  these  methods  are  presented  herewith. 

A  compression  pressure  of  150  lb.  per  sq.  in.  was  em- 


Fni.   2 — Special  Cylinder-Head  Equipment  Used  in  Connection 
with  the  Tests 

ployed  at  first  to  accentuate  the  detonation  and  to  facili- 
tate the  location  of  the  sources.  Two  engines  of  different 
types  were  used  in  the  work.  Beginning  with  engines 
that  were  standard  in  all  respects  with  the  exception  of 
the  cylinder-head,  the  load  was  gradually  increased  until 
detonation  became  apparent.  The  cylinders  in  which  the 
knock  occurred  were  studied  with  reference  to  the  prob- 
able factors  inducing  detonation.  These  factors  were 
eliminated  gradually  until  the  engine  operated  satisfac- 
torily under  all  normal  conditions  encountered  on  the 
dynamometer. 

Experiments  on  a  six-cylinder  poppet-valve  engine 
showed  that  spark-plugs  with  porcelain  cores  and  small 
electrodes  were  the  first  sources  of  preignition.  Mica 
cores  with  heavy  electrodes  and  water-jacketed  shells 
were  required  to  maintain  a  practical  working  tempera- 
ture of  the  plug  and,  in  redesigning  the  second  engine, 


Fig.  1 — View  of  the  Laboratory  Showing  the  Engine  on  Which  the  Tests  Were  Conducted 
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this  type  of  plug  was  incorporated  in  its  cylinder-heads. 

After  the  spark-plug  trouble  was  overcome  in  the 
poppet-valve  engine,  the  exhaust-valves  showed  unmis- 
takable signs  of  overheating.  In  the  two  cylinders  that 
detonated  first,  the  exhaust-valve  seats  were  not  com- 
pletely water-jacketed  and  could  be  cooled  sufficiently  to 
eliminate  preignition  only  with  a  water-outlet  tempera- 
ture below  100  deg.  fahr.  This  engine  was  not  a  good 
example  of  modern  poppet-valve  design.  Trouble  from 
overheated  valves  was  eliminated  by  changing  to  a  sleeve- 
valve  type  of  engine  on  which  all  further  investigation 
was  conducted. 

On  this  four-cylinder  engine  cylinders  Nos.  1  and  4 
detonated  severely,  while  Nos.  2  and  3  operated  normally. 
Three  possible  causes  for  this  effect  were  considered:  (a) 
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Mixture  -  Ratio,  Lb.  of  Fuel  per  Lb.  of  Dry  Air 

Fig.  3 — Curves  Showing  the  Brake  Thermal  Efficiency  for 
Various   Mixture-Ratios   throughout  the  Full   Range  of  Load 

restricted  or  sluggish  circulation  of  the  cooling  water  at 
the  front  and  the  rear  of  the  water-jacket;  (b)  unequal 
distribution  of  the  fuel  in  the  charge;  and  (c)  arrested 
scavenging  of  the  center  cylinders. 

The  water-jacket  was  designed  for  thermo-syphon 
circulation  with  the  inlet  port  between  the  two  center 
cylinders.  In  the  tests  the  water  was  forced  through  the 
jacket  under  pressure  from  the  city  supply,  which  change 
may  have  disturbed  the  uniformity  of  distribution  ob- 
tainable with  the  original  system.  The  single  inlet-pipe 
was  replaced  by  a  water  manifold  with  an  individual  lead 
to  each  cylinder  to  insure  more  nearly  equal  cooling.  The 
improvement  resulting  from  this  alteration  was  slight, 
but  the  manifold  was  retained  as  a  safety  measure. 

The  carbureter  was  at  first  bolted  directly  to  the  cylin- 
der block  at  the  entrance  to  the  water-jacketed  inlet- 
manifold.  In  this  arrangement,  good  vaporization  and 
distribution  were  impossible  with  the  gasoline  in  current 
use,  and  a  hot-spot  vaporizer  was  therefore  placed  at  the 
carbureter  outlet.    The  high  temperature  of  the  mixture 
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M:x+ure-Ratio,Lb.of  Fuel  per  Lb. of  Dry  Air 

Fig.    4 — Indicated    Thermal    Efficiency   at    Different   Mixture- 
Ratios  throughout  the  Full  Range  of  Load 

required  to  secure  vaporization  of  the  fuel  promoted 
detonation,  and  consequently  an  intercooler  was  used  to 
lower  the  temperature  of  the  charge  at  the  valves.  The 
carbureter  and  the  hot-spot  were  dropped  about  24  in. 
below  the  inlet-manifold,  and  a  vertical  water-jacketed 
pipe  was  inserted  as  a  means  of  cooling  the  mixture  of 
air  and  vaporized  fuel  without  causing  condensation. 
The  device  produced  a  drop  in  temperature  of  about  30 
deg.  fahr.  from  an  initial  temperature  of  125  deg.  fahr. 
that  previously  had  been  found  necessary  for  good  dis- 
tribution with  this  vaporizer.  The  change  in  the  car- 
buretion  system  permitted  the  use  of  higher  temperatures 
at  the  carbureter  outlet  and  in  that  way  simplified  the 
distribution  problem.  It  was  not  possible  to  detect  any 
difference  in  starting  with  this  lowering  of  the  car- 
bureter position.  Cylinders  Nos.  1  and  4  continued  to 
detonate  before  Nos.  2  and  3,  although  not  to  such  a 
marked  degree.  The  matter  of  more  thorough  scaveng- 
ing of  the  center  cylinders  was  not  followed-up. 

In  an  engine  with  suitable  spark-plugs  and  effective 
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Mixture  -Ratio,  Lb. of  Dry  Air  per  Lb  of  Fuel 

Fig.  G — Specific  Fuel-Consumption  at  Different  Mixture-Ratios 

THROUGHOUT    THE    FULL    RANGE    OF    LOAD 


cooling  of  the  water-jacketed  walls  of  the  combustion- 
chamber,  the  temperature  of  the  piston-head  is  the  de- 
ciding factor  in  limiting  the  compression  pressure.  This 
surface,  being  most  distant  from  the  origin  of  combus- 
tion, is  in  the  best  possible  position  to  detonate  the  final 
portion  of  the  charge  ahead  of  the  flame-front.  On  ac- 
count of  their  higher  conductivity,  aluminum  pistons 
remain  cooler  than  gray-iron  pistons,  and  hence  reduce 
the  tendency  of  the  engine  to  detonate.  The  original 
gray-iron  pistons  were  therefore  replaced  by  aluminum 
pistons  that  were  of  substantially  the  same  design. 

The  breaker  of  the  battery  system,  with  which  the  en- 
gine was  originally  equipped,  failed  under  the  high  pri- 
mary voltage  found  necessary  to  assure  reliable  ignition 
with  high  compression  at  full  throttle.  This  difficulty 
was  overcome  by  the  substitution  of  a  high-tension  mag- 
neto. 

The  salient  features  in  the  engine  that  permitted  the 
carrying  of  high  compression  under  all  conditions  of 
operation  were 

(1)  Effectively  cooled  spark-plugs 

(2)  Comparatively  cool  exhaust-valves 

(3)  Uniform  circulation  in  the  water-jacket 

(4)  A  carburetion  system  that  gave  good  distribution 
with  low  mixture-temperatures 

(5)  Aluminum-alloy  pistons 

(6)  An  ignition  system  capable  of  producing  an  ade- 
quate spark  under  high  compression 
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Mixture -Ratio,  Lb  of  Fuel  per  Lb.  of  Dry  Air 

Fig.  1 — Curves  Showing  the  Variation  in  the  Horsepower  and 
Thermal  Efficiency  at  Full  Throttle 
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Fig.  S — The  Heat-Loss  to  the  Water-Jacket  at  Different 
Mixture-Ratios 

Equipment  and  Apparatus 

The  second  engine  used  for  this  high-compression  in- 
vestigation was  a  Model  88-4  Willys-Knight  of  4ys-in. 
bore  and  4%-in.  stroke,  shown  in  Fig.  1,  and  slightly 
modified  to  adapt  it  to  the  abnormal  conditions  under 
which  it  was  to  operate.  As  a  result  of  the  preliminary 
work  tending  toward  the  suppression  of  detonation,  a 
compression  pressure  of  122  lb.  per  sq.  in.  was  chosen  as 
being  the  highest  practicable  for  ordinary  gasoline.  The 
special  heads  used  in  the  test  to  secure  this  pressure  had 
a  compression-ratio  of  6.75,  as  compared  with  4.45  in 
the  standard  heads  and  are  illustrated  in  Fig.  2. 

A  set  of  standard  Willys-Knight  aluminum-alloy  pis- 
tons was  substituted  for  the  gray-iron  pistons  before  the 
tests  recorded  herewith  were  carried  out.  This  permitted 
a  greater  spark-advance  than  was  possible  with  the  orig- 
inal pistons.  Special  spark-plugs  with  shells  in  direct 
contact  with  the  cooling  water  formed  the  central  portion 
of  the  high-compression  heads  and  acted  as  anchorages 
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for  the  standard  demountable  water-jacket  cover.  A 
Model  SS-4  Splitdorf  magneto  was  installed  in  place  of 
the  battery  system.  The  spark-advance  was  measured  on 
a  graduated  sector  at  the  magneto-control  lever. 

A  Model  LB-2  Stromberg  carbureter  was  used  in  con- 
nection with  a  hot-spot  vaporizer  and  a  long  vertical  ex- 
ternal inlet-pipe.  The  vaporizer  was  heated  in  such  a 
way  as  to  permit  control  of  the  mixture  temperature  at 
the  entrance  to  the  manifold  independently  of  the  engine. 
After  being  heated  to  the  point  beyond  which  previous 
tests  had  shown  no  gain  in  economy  was  secured,  the 
mixture  was  cooled  in  the  vertical  extension  of  the  mani- 
fold. The  benefit  of  this  lowered  temperature  was  partly 
lost  by  the  reheating  in  the  main  inlet-manifold,  which 
was  surrounded  and  heated  by  the  jacket  water  of  the 
cylinder  block. 

A  Sprague  electric  dynamometer  was  used  to  measure 
the  brake  and  the  friction  horsepower  in  the  usual  man- 
ner. The  fuel  consumed  per  test  was  weighed  on  a  beam 
balance  sensitive  to  0.01  oz.  The  air  was  measured  in 
an  Emco  No.  4  meter.  The  inlet-manifold  vacuum  was 
determined  by  a  mercury-column  gage  connected  to  the 
manifold  between  cylinders  Nos.  1  and  2.  Exhaust  tem- 
peratures were  measured  by  thermocouples  at  the  No.  4 
exhaust-port  and  at  the  end  of  the  manifold.  Ther- 
mometers were  inserted  at  the  inlet  and  the  outlet  of 
the  water-jacket,  at  the  outlet  of  the  fuel  vaporizer,  at 
the  top  of  the  manifold  water-jacket  and  at  the  No.  4 
inlet-port.  The  humidity  of  the  atmosphere  was  meas- 
ured by  a  wet-and-dry-bulb  hygrometer.  The  cooling 
water  for  each  test  was  caught  in  a  tank  and  weighed 
on  a  platform  scale.  Compression  pressures  were  deter- 
mined with  a  compressometer  consisting  of  a  pressure 
gage  in  combination  with  a  chamber  and  check-valve  that 
screwed  into  the  spark-plug  shell. 

Test  Procedure 

Investigations  were  made  to  establish  the  effects  of  the 
following  four  factors  in  engine  characteristics: 

(1)  Load 

(2)  Mixture-ratio 

(3)  Speed 
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Fig.  9 — The  Temperature  of  the  Exhaust  at  the  End  of  the 
Manifold  at  Various  Mixture-Ratios 

(4)    Gain  in  power  and  economy  due  to  the  increase  in 
the  compression-ratio 

The  first  two  factors  were  studied  at  a  constant  engine- 
speed  of  100  r.p.m.  Tests  were  run  under  a  constant  load 
at  approximately  25,  50  and  75  per  cent  of  the  maximum 
power,  with  various  mixture-ratios  ranging  from  the 
leanest  at  which  the  engine  would  fire  regularly  to  that 
which  showed  sluggish  combustion.  The  throttle  open- 
ing was  changed  as  required  to  maintain  a  constant  load 
and  speed.  Similar  tests  were  run  at  full  throttle  and  a 
constant  speed  with  a  change  in  the  load  as  the  mixture- 
ratio  changed. 

Two  series  of  runs  were  made  with  a  fixed  carbureter- 
adjustment  and  at  speeds  varying  from  500  to  1300  r.p.m. 
In  one  run,  a  constant  dynamometer-load  of  15  lb.  was 
maintained;  in  the  other,  the  throttle  was  fully  opened. 

In  all  of  these  tests  the  spark  was  adjusted  for  the 
maximum  power,  and  the  mixture  temperature  at  the  hot- 
spot  was  held  at  the  point  that  gave  a  uniform  distribu- 
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Fig.   10 — Curves  of  Test  Results  at  Different  Speeds 

Brake  Horsepower  and  Thermal  Efficiency  Brake  Horsepower  and  Thermal  Efficiency 

at  Full  Throttle  at  15-Per  Cent  Brake  Load 

Heat-Loss  to  Water-jacket  Temperature  of  Total  Exhaust 
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BRAKE  HORSEPOWER 
6.75  RATIO 


BRAKE  HORSEPOWER 
4A5RATI0 


BRAKE  THERMAL 
EFFICIENCY 
6.75  RATIO 


BRAKE  THERMAL 
EFFICIENCY 
4A5MTI0 
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Fig.   11 — Full-Load  Performance  with  High  and  Low 
Compressions 

tion  without  excessive  loss  in  volumetric  efficiency.  Be- 
tween the  hot-spot  and  the  valves,  the  maximum  cooling 
of  the  mixture  that  was  consistent  with  good  operation 
of  the  engine  was  sought.  The  temperature  of  the  jacket 
outlet-water  was  held  between  150  and  170  deg.  fahr.  as 
nearly  as  possible,  with  little  adjustment  of  the  flow  rate 
except  in  the  case  of  the  speed  series.  Fuel,  air,  cooling 
water  and  exhaust  temperatures  were  taken  at  the  points 
previously  described;  and  load,  revolutions  per  test  and 
time  per  test  were  recorded. 

The  comparative  power  and  brake  thermal-efficiency  of 
the  6.75  over  the  4.45-compression-ratio  are  based  upon 
the  full-throttle  mixture-run  at  1000  r.p.m.,  and  data  de- 
rived from  somewhat  similar  tests  on  the  same  engine 
by  O.  C.  Berry  and  C.  S.  Kegerreis,  of  the  Purdue  Engi- 
neering Experiment  Station,  in  connection  with  carbu- 
retion  research.  The  power  curve  is  taken  from  Fig.  28 
of  a  bulletin  on  the  Carburetion  of  Gasoline.4  The  ther- 
mal-efficiency curve  is  changed  slightly  to  correspond  with 
the  fuel  value  assumed  in  the  current  tests. 

Results  of  Tests 

The  results  of  the  tests  are  presented  graphically  in 
Figs.  3  to  11.  The  brake  thermal-efficiency  for  the  full 
range  of  the  load  and  the  mixture-ratio  at  1000  r.p.m. 
is  shown  in  Fig.  3,  and  the  corresponding  indicated 
thermal-efficiency  in  Fig.  4.  The  thermal  efficiency  is 
based  upon  a  lower  fuel-value  of  18,900  B.t.u.  per  lb., 
and  the  indicated  horsepower  under  the  several  loads  is 
taken  as  the  sum  of  the  brake  and  friction  horsepower  of 
Fig.  5.  The  fuel-consumption  per  brake  horsepower-hour 
is  plotted  in  Fig.  6  and  conveys  the  same  information  as 
Fig.  3   in   different  terms.     The  variation   of  both   the 


'  See   Purdue   University    Engineering  Experiment    Station    Bulle- 
tin  No.   5. 


power  and  the  thermal  efficiency  with  a  change  in  the 
mixture-ratio  at  full  throttle  is  illustrated  in  Fig.  7.  In- 
cidental data  showing  the  heat-loss  to  the  water-jacket 
and  the  temperature  of  the  exhaust  at  the  end  of  the 
manifold  with  different  mixture-ratios  appear  in  Figs. 
8  and  9  respectively. 

The  influence  of  the  speed  upon  the  brake  horsepower, 
the  brake  thermal-efficiency,  the  radiation  loss  and  the 
exhaust  temperature  at  full  load  and  at  approximately 
half  load,  are  covered  in  Fig.  10.  The  carbureter  adjust- 
ment was  not  changed  during  the  speed  tests  and  the 
variation  in  the  mixture-ratio,  0.062  to  0.071,  was  merely 
that  inherent  in  the  carbureter  design  under  changes  in 
the  speed  and  the  load. 

A  comparison  of  the  power  and  the  thermal  efficiency 
at  full  throttle  with  compression-ratios  of  4.45  and  6.75  is 
made  in  Fig.  11.  In  Fig.  3  three  points  taken  from  the 
bulletin  on  the  Carburetion  of  Gasoline'  are  spotted,  which 
indicate  the  improvement  in  economy  through  the  full 
range  of  engine  power. 

In  the  load  tests  at  1000  r.p.m.,  the  spark-advance  was 
5  deg.  at  full  load,  12  deg.  at  75-per  cent  load,  and  20 
deg.  at  50  and  25-per  cent  load.  During  the  full-load 
speed-tests,  the  spark-advance  varied  from  0  to  10  deg. 
between  the  speeds  of  500  and  1300  r.p.m.  At  one-half 
load,  the  spark  lead  ranged  from  10  to  20  deg.  for  the 
same  speed  variation.  No  detonation  was  audible  during 
any  of  these  tests. 

Conclusions 

From  these  tests,  which  are  represented  as  covering 
only  a  narrow  range  in  the  field  of  gasoline-engine  opera- 
tion, the  following  conclusions  are  drawn: 

(1)  Under  laboratory  conditions,  a  compression  pres- 
sure of  120  lb.  per  sq.  in.  gage  is  perfectly  feasible 
when  the  engine  is  designed  with  a  full  regard  for 
the  elimination  of  the  factors  that  induce  detona- 
tion 

(2)  Under  service  conditions,  the  same  attention  to 
these  factors  will  permit  the  use  of  much  higher 
pressures  than  those  common  at  present 

(3)  An  increase  in  the  compression-ratio  results  in  a 
marked  improvement  in  the  thermal  efficiency  and 
the  general  performance  of  the  engine  at  all  loads 
and  in  the  maximum  power  at  all  speeds 

(4)  The  sources  of  detonation  are  the  spark-plug,  the 
exhaust-valve,  the  piston-head  and  any  other  por- 
tions of  the  combustion-chamber  walls  that  be- 
come overheated 

(5)  The  maximum  economy  is  obtained  with  the  lean- 
est fuel-air  mixture  giving  reliable  combustion. 
Such  a  mixture  varies  from  0.060  lb.  of  fuel  per 
lb.  of  dry  air  at  25-per  cent  load,  to  0.057  lb.  at 
75-per  cent  load;  or,  from  16.6  to  17.5  lb.  of  dry 
air  per  lb.  of  fuel.  Hence,  for  this  range  of  load, 
the  leanest  possible  mixture  is  desirable,  provided 
good  vaporization  is  secured.  At  a  full  throttle- 
opening,  the  maximum  power  is  usually  sought  at 
the  expense  of  economy.  An  0.075  mixture,  or 
13.3  lb.  of  air  per  lb.  of  fuel,  is  rich  enough  to 
insure  the  greatest  output 

(6)  The  water-jacket  heat-loss  reaches  its  maximum 
value  at  approximately  the  mixture  giving  the 
highest  power  with  a  fixed  throttle-opening,  or  a 
0.075  ratio 

(71  The  exhaust  temperature  is  highest  with  a  0.065 
ratio 

(8)  The  power  of  an  engine  can  be  increased  25  per 
cent  by  a  change  in  the  compression  ratio  from 
4.45  to  6.75,  provided  detonation  is  absent 

(9)  With  the  same  change  in  the  compression-ratio, 
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the  thermal  efficiency  is  raised  7  to  12  per  cent 
through  a  load  range  of  25  to  100  per  cent  of  the 
engine  power 

(10)  At  full  load,  a  mixture  temperature  of  125  deg. 
fahr.  at  the  hot-spot  is  high  enough  to  give  good 
distribution  in  a  four-cylinder  engine  with  a  prop- 
erly designed  hot-spot.  If  the  mixture  is  cooled 
below  this  temperature  between  the  hot-spot  and 
the  valves,  the  performance  of  the  engine  is  im- 


proved.     A   low   limit   of   100   deg.   fahr.   at   the 
valves  can  be  allowed  safely. 
(11)    At   partial   throttle-opening,  a  hot-spot  tempera- 
ture of  175  deg.  fahr.  is  not  excessive  and  assists 
in  the  use  of  very  lean  mixtures  for  high  economy 
This   investigation   is   being  continued,  and  it   is   ex- 
pected that  the  final  results  will  be  published  in  a  bulletin 
of  the  Engineering  Experiment  Station  of  Purdue  Uni- 
versity. 


IMPACT  TESTING 


I^HE  impact  test  has  been  used  as  an  acceptance  test  in 
certain  European  specifications.  It  is  not  generally 
adopted  in  this  Country.  A  committee  of  the  American 
Society  for  Testing  Materials  is  working  on  some  form  of 
test  suitable  for  the  United  States  requirements. 

The  Fremont  test  requires  a  test-specimen  30  mm.  (1.1811 
in.)  long  with  a  cross-section  of  8  x  10  mm.  (0.3150  x  0.3937 
in.).  It  is  notched  on  the  broad  side  1  mm.  (0.0394  in.)  deep 
and  1  mm.  (0.0394  in.)  wide.  The  test-piece  is  laid  on  sup- 
ports 21  mm.  (0.8268  in.)  apart  with  the  notch  on  the  under 
side  and  struck  a  blow  with  a  falling  tup  midway  between 
the  supports.  The  difference  between  the  energy  before  and 
after  the  fracture  gives  the  amount  of  energy  necessary  for 
fracturing  the  test-specimen.  The  weight  of  the  tup,  which 
falls  from  a  height  of  4  m.  (13.1233  ft.)  is  10  or  15  kg. 
(22.0462  or  33.0693  lb.).  A  machine  of  this  kind  requires 
considerable  height  above  the  floor  level,  but  possesses  the 
advantage  of  having  a  high  speed  of  impact. 

The  Charpy  test  requires  a  test-specimen  55  mm.  (2.1654 
in.)  long  with  a  cross-section  of  10  x  10  mm.  (0.3937  in.). 
It  is  notched  in  the  center  by  drilling  a  1.3-mm.  (0.0502-in.) 
hole  so  that  the  bottom  of  the  hole  is  5  mm.  (0.1969  in.) 
from  the  edge.  The  notch  is  completed  by  running  a  1-mm. 
(0.0394-in.)  slot  into  the  hole.  This  test-piece  is  supported 
horizontally  between  40-mm.  (1.5748-in.)  abutments  and  is 
struck  by  a  swinging  pendulum  at  the  middle  of  its  length 
on  the  side  opposite  the  notch.  The  energy  absorbed  in 
making  the  fracture  is  determined  from  the  residual  energy 
after  fracture.  The  weight  of  the  tup  is  32.5  kg.  (71.6503 
lb.).  It  will  be  noted  that  the  machining  of  a  notch  of  this 
nature  requires  at  least  two  operations  and  it  is  probably 
difficult  to  reproduce  accurately  on  hard  materials.  The  dif- 
ficulty of  obtaining  notch  uniformity  is,  of  course,  more  or 
less  inherent  in  all  impact  tests,  but  is  probably  more  pro- 
nounced in  this  case. 

The  Izod  test  requires  a  test-specimen  75  mm.  (2.9528  in.) 
long  with  a  cross-section  of  10  x  10  mm.  (0.3937  in.).  It  has 
a  transverse  45-deg.  angle,  V-shaped  notch  2  mm.  (0.0787  in.) 
deep;  the  radius  at  the  root  of  the  notch  being  0.25  mm. 
(0.0098  in.).  The  piece  is  held  vertically  in  a  vise  with  the 
lower  edge  of  the  notch  at  the  same  level  as  the  vise  edge 
and  is  broken  by  a  swinging  tup  striking  the  test-piece  on 
the  notched  side  but  above  it.  As  before,  the  residual  energy 
deducted  from  the  striking  energy  gives  the  energy  required 
for  fracturing  the  test-piece.  This  energy  is  usually  indi- 
cated on  a  scale  by  a  pointer  actuated  by  the  swinging 
pendulum. 

The  Stanton  test  requires  a  test-specimen  about  6.00  in. 
long  having  a  0.50-in.  diameter.  It  has  a  groove  cut  at  the 
center,  0.05   in.   deep   and  0.05   in.   wide.     This   test-piece  is 


held  horizontally  in  supports  4.50  in.  apart  and  is  rotated 
180  deg.  between  successive  blows  which  are  struck  over  the 
groove  by  a  falling  tup.  The  weight  of  this  hammer,  or  tup, 
is  4.70  lb.  and  the  height  of  the  fall  is  adjustable.  The  num- 
ber of  blows  required  to  fracture  the  test-specimen  is 
recorded. 

The  Brinell  test  has  often  been  put  forward  as  a  test  in 
itself.  It  was  never  intended  for  such  a  use.  It  has  a  value 
only  as  related  to  some  fundamental  test  such  as  the  tensile 
test.  It  seems  that  this  cannot  be  emphasized  too  strongly. 
There  is  some  definite  relation  between  the  tensile-strength 
and  the  Brinell  hardness  for  a  given  material.  Similarly, 
attempts  have  been  made  in  the  past  to  correlate  impact 
values  and  fatigue  limits,  yet  this  seems  erroneous  since  the 
conditions  of  fracture  have  nothing  in  common.  The  fatigue 
fractm-e  is  determined  by  a  series  of  slips  in  the  material 
itself,  while  the  impact  fracture  is  propagated  by  a  notch 
definitely  located  in  the  specimen.  The  fact,  therefore,  re- 
mains that  a  material  giving  a  low  impact-figure  may  not 
show  a  low  fatigue-limit,  but  it  is  still  relevant  to  state 
that  the  former  material  is  in  a  notch-brittle  condition. 

Therefore,  although  it  is  difficult  and  dangerous  to  make 
definite  statements  in  favor  of  any  particular  test  the  fol- 
lowing conclusions  seem  to  be  warranted : 

(1)  The  impact  test  of  the  Izod  type  is  one  of  the 
most  sensitive  mechanical  tests  so  far  introduced 
to  determine  the  design  of  heat-treatment  given  to 
a  material 

(2)  This  impact  test  shows  characteristics  in  certain 
materials  that  the  tensile  tests  do  not  indicate 

(3)  The  impact  test  corresponds,  along  with  other 
physical  properties  such  as  reduction  of  area,  to 
the  variation  in  heat-treatment  and  is  therefore 
valuable  for  confirmatory  purposes 

(4)  The  impact  test  offers  valuable  evidence  through 
observation  of  the  fracture,  relative  to  the  thermal 
treatment  that  the  material  has  received 

Any  test  that  brings  out  something  new  or  confirms  some 
value  already  known  is  valuable.  Provided  this  impact- 
figure  is  not  purchased  at  too  high  a  price  with  respect  to  the 
ultimate-strength  or  elastic-limit,  such  tests  have  a  very 
great  value  indeed. 

With  regard  to  the  repeated  impact,  such  as  the  Stanton, 
the  case  is  somewhat  different.  This  test  is  in  the  nature  of 
a  fatigue  test  and  may  be  closely  related  to  the  fatigue  limits 
as  determined  by  standard  machines.  This  is  a  contention, 
however,  which  has  yet  to  be  proved. — From  a  paper  pre- 
sented by  J.  M.  Lessells  before  the  Pittsburgh  Section  of  the 
American  Society  for  Steel  Treating. 
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THE  subject  of  the  Thursday  session  of  the  third 
annual  meeting  of  the  American  Petroleum  In- 
stitute held  at  St.  Louis,  Dec.  5  to  9,  was,  What  Is 
Good  Gasoline?  This  session  was  arranged  to  afford  a 
common  meeting-ground  for  discussion  of  the  fuel  prob- 
lem by  petroleum  producers  and  automotive  engineers. 
In  this  respect  it  was  like  similar  sessions  held  at  the 
City  of  Washington  2  years  ago  and  at  Chicago  a  year 
ago.  But  this  is  almost  the  extent  of  the  resemblance. 
Two  years  ago,  there  was  no  real  common  meeting-ground 
for  the  two  groups  of  engineers.  Though  both  were  will- 
ing to  work  together  on  problems  of  mutual  interest,  they 
had  no  common  language.  A  year  ago,  there  was  a  much 
better  understanding  than  theretofore  and  the  foundation 
was  laid  for  the  joint  research  that  formed  the  main  topic 
of  this  year's  session. 

The  outstanding  feature  of  the  day's  meeting  was  the 
manner  in  which  engineers  from  both  industries  dis- 
cussed the  fuel  problem,  each  with  a  real  understanding 
of  the  problems  of  the  other.  The  joint  research  which 
has  brought  together  prominent  automotive  and  petrol- 
eum engineers  on  the  steering  committee,  even  if  it  had 
accomplished  nothing  else,  has  had  its  effect  in  destroy- 
ing the  barrier  of  misunderstanding  that  has  so  long  pre- 
vented harmonious  cooperative  action  on  problems  where 
mutual  interests  demanded  joint  action.  But  much  more 
than  this  has  been  accomplished,  as  was  brought  out  in 
the  various  papers  reviewed  below. 

Gasoline  Specifications 

Another  point  of  especial  interest  which  was  touched 
on  by  more  than  one  of  the  petroleum  engineers  is  that  of 
the  standardization  of  fuel  quality.  A  standard  for  qual- 
ity of  gasoline  is  obviously  difficult  to  realize;  and  the 
more  the  question  is  studied,  the  more  difficult,  in  some 
respects,  it  appears  to  be.  Hence,  the  petroleum  industry 
has  long  opposed  the  adoption  of  such  standards  for  very 
important  reasons.  Nevertheless,  the  advantages  that 
would  accrue  to  both  industries  through  a  uniformity  of 
the  product,  particularly  if  the  quality  were  properly 
regulated  with  reference  to  the  average  temperature,  are 
so  great  that  at  least  some  of  the  prominent  petroleum 
engineers  are  beginning  to  believe  with  the  automotive 
engineers  that  some  degree  of  beneficial  standardization 
can  be  accomplished. 

Knock  Suppressors 

The  first  paper  on  the  program,  entitled  Demonstration 
of  the  Relationship  of  the  Knock  to  the  Gasoline  Prob- 
lem, and  the  Remedy  for  the  Knock,  was  by  Thomas 
Midgley,  Jr.,  of  the  General  Motors  Research  Corpora- 
tion. Mr.  Midgley  described  the  action  of  the  cylinder  of 
a  four-cycle  engine  by  a  demonstration  model,  illustrating 
the  normal  burning  of  the  fuel  and  the  abnormal  combus- 
tion that  is  accompanied  by  the  knock.  He  then  explained 
the  nature  of  the  combustion  phenomena  as  they  are  un- 
derstood at  present,  and  discussed  the  effect  of  the  vari- 
ous substances  which  tend  to  suppress  the  knock.  This 
was  followed  by  a  most  interesting  and  convincing  dem- 
onstration  of  the   action  of  some  of  these  knock   sup- 


1  See    the    Journal    of    Industrial    and    Engineering    Chemistry, 
October,  1922,  p.  S94. 


pressers,  first  in  a  glass  tube  in  which  was  fired  a  mixture 
of  acetylene  and  air,  alternately  with  and  without  the 
suppressing  substance,  in  this  case  diethyl  telluride;  and 
then  in  a  Delcolite  engine  that  was  operated  alternately 
with  two  samples  of  the  same  fuel,  to  one  of  which  had 
been  added  a  small  amount  of  tetraethyl  lead.  The  results 
in  both  cases  were  strikingly  evident.  In  the  engine 
demonstration  he  used  a  knock-indicator  that  permits  the 
accurate  quantitative  measurement  of  the  amount  of 
knock  and  serves  as  a  basis  for  comparison  of  different 
fuels  and  anti-knock  dopes.  This  paper  has  been  pub- 
lished under  the  title,  The  Chemical  Control  of  Gaseous 
Detonation  with  Particular  Reference  to  the  Internal- 
Combustion  Engine.1 

The  main  topic  of  the  session  was  introduced  when  Dr. 
S.  W.  Stratton,  director  of  the  Bureau  of  Standards, 
talked  on  The  Answer  So  Far  Given  by  the  Joint  Research 
Program  of  the  Bureau  of  Standards  and  the  Oil  and  the 
Automotive  Industries.  Dr.  Stratton  prefaced  his  report 
of  the  Bureau's  research  work  by  some  pertinent  remarks 
on  the  relation  of  research  to  the  two  industries.  Not 
long  ago  the  research  man  was  looked  upon  as  a  dreamer. 
The  present  attitude  of  leaders  of  the  petroleum  industry 
is  in  marked  contrast  to  this,  partly  as  a  result  of  recent 
accomplishments  along  research  lines.  It  is  significant 
that  two  great  industries  have  combined  in  the  solving  of 
a  joint  research  problem. 

The  Public  and  the  Government 

Scientists  are  just  beginning  to  learn  the  value  of  com- 
bination of  research  facilities.  For  instance,  the  ability 
of  the  Bureau  of  Standards  to  take  up  the  present  fuel- 
program  is  due  to  the  fact  that  the  training  of  a  staff  of 
men  in  heat  and  temperature  measurement  was  begun  20 
years  ago.  Ten  years  ago  this  staff  undertook  the  solu- 
tion of  some  of  the  most  difficult  problems  of  the  refriger- 
ating industry,  namely,  the  physical  properties  of  refrig- 
erants; at  the  beginning  of  the  war  part  of  this  staff  was 
set  to  work  on  the  problems  of  the  aircraft  powerplant; 
and  the  same  staff  is  now  engaged  in  the  present  fuel- 
research.  Without  the  building  up  of  this  staff  through 
years  of  development,  the  present  progress  would  have 
been  impossible. 

Another  point  that  Dr.  Stratton  stressed  was  the  rela- 
tion between  the  industries  and  the  various  Government 
bureaus  devoted  to  the  public  good.  Formerly,  there  was 
much  criticism  of  the  activities  of  some  of  these  Govern- 
ment institutions.  It  should  be  remembered  that  they 
are  acting  under  laws  passed  by  our  own  representatives. 
If  the  laws  are  not  good,  we  must  look  to  the  representa- 
tives and  not  to  the  Government  bureaus.  But  this  sort 
of  criticism  is  mostly  a  thing  of  the  past.  Industries 
no  longer  take  the  attitude  that  it  is  not  well  for  the  Gov- 
ernment to  know  too  many  things.  We  must  remember 
that  Government  bureaus  are  there  for  the  use  of  the  in- 
dustry. They  can  be  best  used  by  looking  upon  them  as 
the  laboratories  of  the  industry.  The  adoption  of  this 
point  of  view  represents  one  of  the  most  important 
changes  that  has  taken  place  between  the  public  and  the 
Government. 

Dr.  Stratton  then  explained  the  conditions  leading  to 
the  undertaking  of  this  joint  research  by  the  Bureau  of 
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Standards,  and  described  the  methods  employed,  giving  a 
brief  summary  of  the  results  obtained  so  far.  As  this 
material  will  be  presented  in  full  at  the  meeting  of  the 
Society  to  be  held  this  month  and  published  in  a  later  is- 
sue of  The  Journal,  it  will  not  be  reviewed  here.  The 
outstanding  facts,  however,  are  that  four  selected  grades 
of  fuel  differing  in  volatility  were  very  carefully  studied 
under  summer  conditions  in  four  models  of  passenger  car, 
and  the  results  showed  no  significant  difference  in  fuel 
mileage.  Special  runs  to  determine  crankcase-oil  dilution 
showed  much  more  dilution  with  the  heavier  fuels.  A 
supplementary  research  covering  low-temperature  opera- 
tion is  in  progress,  the  engine  under  test  being  enclosed 
in  a  refrigerating  chamber  where  the  temperature  of  the 
air  and  the  jacket  water  can  be  kept  as  low  as  desired. 
Dr.  St  ration  then  showed  a  few  views  of  the  buildings  of 
the  Bureau  and  described  briefly  some  of  the  lines  of  in- 
dustrial research  undertaken  by  the  various  divisions. 

R.  E.  Carlson,  of  the  Bureau  of  Standards,  who  has  had 
charge  of  the  experimental  work,  explained  more  in  detail 
the  experimental  procedure  followed  in  the  summer  pro- 
gram, and  described  the  equipment  which  has  been  com- 
pleted for  the  preliminary  study  of  the  behavior  of  the 
fuels  at  low  temperatures. 

Low-Temperature  Operation 

An  engine  has  been  mounted  in  one  of  the  altitude  test 
chambers  of  the  Bureau  of  Standards,  where  the  air  and 
jacket  temperature  can  be  reduced  to  about  20  deg.  below 
zero,  and  kept  under  control.  The  engine  is  coupled  to  a 
dynamometer  outside  the  chamber,  to  control  the  load  and 
speed.  By  using  this  method  it  is  possible  to  make  all 
the  measurements  made  in  the  road  tests  and  some  others. 
Preliminary  results  have  already  been  secured  with  this 
equipment  and  the  work  should  be  well  toward  completion 
by  the  time  of  the  meeting  to  be  held  this  month,  when 
results  to  that  date  will  be  reported  in  full. 

The  next  speaker  was  B.  B.  Bachman,  of  the  Autocar 
Co.,  president  of  the  Society  of  Automotive  Engineers. 
He  expressed  the  appreciation  of  the  Society  for  the  in- 
auguration of  this  research  and  for  the  results  obtained 
to  date.  For  several  years  engineers  have  conducted  in- 
dividually experiments  along  these  lines,  but  the  results 
have  been  of  little  value  because  nothing  has  been  done  to 
assemble  or  coordinate  them.  Now  the  services  of  the 
most  competent  laboratory  have  been  secured,  and  the  re- 
sults of  many  researches  of  incalculable  value  to  the  in- 
dustry have  already  been  secured. 

Two  phases  of  the  problem  are  efficiency,  or  miles  per 
gallon,  and  crankcase-oil  dilution.  No  difference  in  con- 
sumption was  shown  by  the  summer  test,  but  it  is  not 
safe  to  conclude  that  this  is  true  in  cold  weather.  The 
crankcase-dilution  figures  are  not  very  conclusive,  but 
show  increases  for  the  heavier  fuels.  Possibly  dilution 
of  oil  on  the  cylinder-walls  is  more  important  than  the 
crankcase  dilution  which  results  from  it.  Different  mod- 
els may  show  very  different  results  in  this  respect. 

Logical  conclusions  to  be  drawn  are 

(1)  Many  types  of  car,  even  cars  several  years  old, 
could  operate  on  fuel  of  grade  C  in  summer 
weather.  It  is  doubtful  if  grade-D  fuel  could  be 
used  with  satisfactory  results 

(2)  Seasonal  variation  of  gasoline  volatility  and  distri- 
bution with  reference  to  climate  would  be  a  means 
of  securing  better  utilization  of  the  Country's  fuel 
resources 

J.  T.  B.  Bowles,  of  the  Tide  Water  Oil  Co.,  said  that  the 
automotive  engineers  have  complained  for  several  years 
about  the  quality  of  gasoline  and  concluded  that  the  re- 


finers were  not  carrying  on  a  research  for  its  improve- 
ment. He  maintained  that  the  automotive  industry  had 
done  nothing  systematic  to  improve  its  own  product.  The 
joint  program  under  discussion,  which  is  in  the  hands  of 
a  neutral  party,  is  the  correct  answer  to  these  criticisms. 
Neither  industry  alone  could  have  put  over  the  results  of 
tests  of  its  own.  The  petroleum  industry  is  bending  all 
its  energies  to  the  production  of  acceptable  fuels  in  suf- 
ficient quantity,  but  economic  laws,  rather  than  the  in- 
dustry, have  control  of  the  situation. 

The  results,  so  far,  indicate  that  much  higher  end- 
point  fuels  can  be  used,  even  fuel  D  showing  equal  per- 
formance in  mileage  in  some  cases.  Crankcase-dilution 
is  the  outstanding  difficulty.  A  study  of  fuels  having  a 
greater  percentage  off  at  212  deg.  fahr.  should  be  made, 
as  it  may  remedy  the  starting  and  crankcase-dilution  dif- 
ficulties. The  two  industries  and  the  general  public  have 
already  benefited  greatly  by  the  results  of  the  work  of  the 
Bureau  of  Standards. 

Roger  Chew,  of  the  Standard  Oil  Co.  of  New  Jersey, 
said  that  probably  there  have  been  as  many  theories  as 
to  what  constitutes  good  gasoline  as  there  are  chemists 
in  the  petroleum  industry.  But  extensive  tests  of  long 
duration  in  the  most  diversified  equipment  are  necessary 
before  an  answer  can  be  attempted. 

The  Government  specification  known  as  Navy  gasoline 
was  the  result  of  cooperation  between  the  petroleum  in- 
dustry and  the  Government  Interdepartmental  Committee 
on  Petroleum  Specifications  in  meeting  the  demands  dur- 
ing the  war.  This  gasoline  has  proved  very  satisfactory, 
and  it  would  be  a  benefit  to  the  automotive  industry  if  en- 
gineers could  design  for  such  a  standard  fuel.  Unfor- 
tunately, refiners  have  marketed  fuels  both  more  and  less 
volatile. 

After  stating  the  opinion  that  the  minor  questions  as  to 
chemical  purity  are  being  taken  care  of  by  the  interested 
parties,  and  that  the  cooperative  tests  by  the  Bureau  of 
Standards  will  go  far  in  determining  what  the  volatility 
should  be,  Mr.  Chew  closed  his  remarks  with  the  follow- 
ing expression  of  opinion : 

A  standard  gasoline  specification  has  distinct  advan- 
tage in  that  it  is  in  the  direction  of  conservation,  en- 
courages the  stabilization  of  the  gasoline  supply,  tends 
toward  efficiency  of  the  engine  builder,  and  last,  but 
by  no  means  least,  would  give  as  near  as  is  humanly 
possible,  complete  satisfaction  to  the  consumer. 

Engine  Factors 

H.  M.  Crane,  chairman  of  the  Society's  Research  Com- 
mittee, said  in  part: 

In  the  automotive  industry,  we  have  been  fighting 
two  factors  in  our  engines,  in  connection  with  fuel. 
One  is,  to  get  the  fuel  vaporized  before  we  attempt  to 
ignite  it.  The  other  is  to  get  the  maximum  economy 
that  can  be  obtained  only  by  using  high  compression- 
pressures.  Mr.  Midgley's  organization  was  one  of  the 
first  in  the  automotive  business  to  visualize  not  only 
the  difficulties  of  the  engine  builder  but  equally  the 
problem  of  the  oil  producer. 

Automotive  engineers  have  come  to  realize  that  crude 
oil  must  be  used  to  the  best  industrial  advantage.  More- 
over, what  is  wasted  today  cannot  be  brought  back.  Mr. 
Crane  urged  particularly  that  the  refiners  make  a  careful 
study  of  the  results  of  the  Bureau  tests,  for  which  he 
himself  had  the  highest  admiration,  rather  than  accept 
the  interpretation  placed  upon  them  by  any  one  man.  He 
emphasized  the  importance  of  the  carbureter-setting  used 
by  the  average  driver,  which  might  be  decidedly  different 
from  that  used  in  the  tests  and  therefore  show  up  differ- 
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ences  in  the  fuel.  In  concluding,  he  expressed  an  appre- 
ciation of  the  sincere  desire  on  the  part  of  the  refiners  to 
understand  the  difficulties  of  the  problem  facing  the  auto- 
motive industry  and  to  cooperate  in  the  solution  of  joint 
problems.  He  also  urged  greater  uniformity  in  fuel  on 
the  basis  of  the  results  obtained  in  tests  of  Post-Office 
trucks  run  by  the  Bureau  of  Standards  last  summer,  in 
which  it  was  shown  that  any  departure  from  the  custom- 
ary usage  decreased  the  mileage. 

T.  G.  Delbridge,  of  the  Atlantic  Refining  Co.  endorsed 
the  sentiments  of  Mr.  Chew.  He  called  attention  to  the 
well-known  unreliability  of  the  judgment  of  the  average 
user  as  to  the  quality  of  fuel.  An  important  factor  in  the 
joint  program  was  the  preparation  of  the  test  fuels,  and 
he  explained  the  care  given  to  this  by  the  Atlantic  Refin- 
ing Co.  The  question  as  to  what  is  good  gasoline  is  not 
answered,  but  a  vigorous  prosecution  of  work  along  pres- 
ent lines  will  add  much  to  our  knowledge  before  the  next 
annual  meeting. 

The  afternoon  session  opened  with  a  paper  by  0.  C. 
Berry,  of  the  Wheeler-Schebler  Carbureter  Co.,  who  sug- 
gested finding  the  operating  temperatures  of  the  average 
automobile  under  different  conditions  in  service,  as  a 
further  guide  in  the  work  of  the  Bureau  of  Standards. 
Such  measurement  would  show  what  part  of  the  engine 
is  at  the  controlling  temperature  as  regards  fuel  vapori- 
zation, enable  refiners  to  estimate  the  relative  merits  of 
fuels,  and  spur  on  the  automotive  engineer  to  greater  ef- 
forts in  the  development  of  manifolds. 

H.  L.  Horning,  of  the  Waukesha  Motor  Co.,  said  that 
the  present  fuel  is  all  right  as  it  is  put  out  by  the  re- 
sponsible refiners.  The  trouble  is  with  the  filling  station 
and  the  garage  men  who  mix  in  kerosene  and  other  things 
and  sell  it  for  "gasoline."  They  are  the  men  whom  the 
refiners  should  watch.  Mr.  Horning  stressed  the  im- 
portance of  the  Bureau  of  Standards  tests.  The  equal 
mileages  for  all  fuels  was,  he  said,  only  a  part  of  the 
story.  Crankcase-oil  dilution  increasing  with  the  end- 
point  is  shown  even  more  conclusively  by  other  tests,  and 
it  seems  that  dilution  is  the  important  factor. 

The  speaker  then  presented  figures,  obtained  from  the 
American  Petroleum  Institute,  which  showed  that  69  per 
cent  of  the  population  and  83  per  cent  of  the  automotive 
equipment  of  the  Country  are  located  north  of  St.  Louis. 
Above  this  latitude,  temperatures  below  50  deg.  fahr. 
occur  during  about  half  the  year,  and  below  this  tempera- 
ture trouble  occurs  due  to  crankcase  dilution.  Mr.  Horn- 
ing then  showed  a  curve  giving  the  percentage  of  em- 
ployes of  the  Waukesha  company  using  their  cars  at  dif- 
ferent weather  temperatures.  Below  0  deg.  relatively  few 
cars  were  used. 

The  next  speaker  was  R.  Haskell,  of  the  Texas  Co.,  who 
called  attention  to  the  inappropriateness  of  the  term  end- 
point.  Three  main  factors  in  successful  engine  operation 
are  the  fuel,  the  engine  and  the  operator,  and  of  the  three 
the  last  is  the  most  important. 

Present  Status  of  Problem 

Dr.  H.  C.  Dickinson,  research  manager  of  the  Society, 
gave  a  brief  review  of  the  reasons  for  undertaking  the 
joint  research,  and  of  the  present  status  of  the  problem. 
Of  the  four  factors  that  determine  fuel  utilization  value, 
namely,  mileage,  starting  ability,  crankcase-dilution  and 
carbonization,  the  tests  have  covered  the  first,  for  sum- 
mer conditions;  have  not  touched  on  the  second  or  fourth ; 
and  have  given  some  information  on  the  third.  There  is 
much  more  to  be  done. 

Dr.  Frank  A.  Howard,  of  the  Standard  Oil  Co.  of  New 


2  See  The  Journ-al.  January,  1922,  p.  6. 


Jersey,  pointed  out  briefly  how  many  of  the  questions  of 
2  or  3  years  ago,  such  as  knock  and  mileage,  have  been 
answered  at  least  partially,  and  raised  the  question 
whether  crankcase-dilution  is  not  of  much  less  importance 
than  it  is  generally  supposed  to  be. 

E.  B.  Phillips,  of  the  Sinclair  Refining  Co.,  said  that 
the  refiners  are  "on  their  toes,"  trying  to  give  the  con- 
sumer the  best  gasoline  they  can  make  out  of  the  material 
at  hand.  R.  E.  Wilson,  of  the  Standard  Oil  Co.  of  Indiana, 
brought  out  the  point  that  if  carbureter-settings  were 
made  for  maximum  economy  instead  of  for  maximum 
power,  differences  between  the  test  fuels  would  be  ex- 
pected, but  as  the  average  driver  sets  for  maximum 
power,  the  reported  test-results  are  typical. 

He  then  discussed  at  some  length  the  relation  of  the 
conventional  distillation-curve  to  the  true  volatility  of  the 
gasoline  and  stated  that  the  effective  upper  distillation- 
temperature  is  nearly  proportional  to  the  temperature  of 
the  85-per  cent  point.  He  made  a  strong  plea  for  a  more 
rational  type  of  volatility  specification,  giving  only  the 
20  and  85-per  cent  points  instead  of  a  number  of  points 
as  at  present.  This  material  was  published  in  The 
Journal.2 

Natural  Gasoline 

W.  M.  Welch,  of  the  Association  of  Natural  Gasoline 
Manufacturers,  presented  an  interesting  paper  on  the  re- 
lation of  natural  gasoline  to  the  fuel  problem.  Natural 
gasoline  was  an  "outlaw"  product  2  or  3  years  ago. 
Its  value  is  now  recognized  and  methods  of  blending 
have  been  perfected  so  that  it  has  come  to  be  a  most  im- 
portant factor  in  maintaining  a  satisfactory  volatility. 
The  amount  now  used  is  probably  10  per  cent  of  the  total 
gasoline  marketed.  The  speaker  suggested  that  the  joint 
research  be  extended  to  include  the  starting  characteris- 
tics of  fuels  blended  with  natural  gasoline. 

The  Friday  session  of  the  meeting  was  devoted  to  a 
discussion  of  the  heavy-fuel  engine,  with  special  em- 
phasis on  its  application  to  motor  transportation. 

New  Engine  Types 

First  on  the  program  was  a  paper  by  H.  L.  Doherty, 
which  was  presented  by  T.  R.  Coates,  of  the  Toledo  Edi- 
son Co.  The  author  maintained  that  the  petroleum  in- 
dustry demands  the  development  of  two  types  of  engine  in 
addition  to  those  in  use  at  present.    These  are 

(1)  A  small  heavy-duty  engine  of  simple  and  inex- 
pensive construction,  that  will  serve  for  truck, 
tractor  and  for  small  stationary  use.  Maximum 
fuel-economy  is  not  essential 

(2)  An  engine  of  much  larger  size  and  of  much  lower 
initial-cost  than  present  Diesel  practice  demands, 
for  boat  propulsion  and  for  use  as  a  stationary 
engine 

Some  of  the  fundamental  difficulties  with  the  combus- 
tion turbine  were  pointed  out,  and  it  was  recommended 
that  all  proposals  along  this  line  receive  careful  analysis 
by  high-class  physicists  before  they  are  given  financial 
support. 

The  second  paper  was  by  Harte  Cooke  of  Mcintosh  & 
Seymour  Co.,  who  recounted  some  of  the  difficulties  en- 
countered in  the  course  of  many  years'  experience  with 
injection  engines  designed  chiefly  for  stationary  service ; 
difficulties  mainly  of  a  mechanical  nature,  such  as 
clogging  of  the  injection  valves.  The  lighter  oils  are  not 
satisfactory  because  of  vaporization  in  the  injection  sys- 
tem, where  heat  is  applied.  Regulation  of  the  tempera- 
ture of  the  fuel  is  important  to  control  the  viscosity  at 
the  injection  valve. 

A  point  of  some  interest  to  the  automotive  engineer  was 
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brought  out  in  a  statement  regarding  sulphur  in  the  fuel. 
It  was  said  that  sulphur  up  to  31 2  per  cent  has  no  deleteri- 
ous effect  on  the  engine,  provided  a  change  is  made  to  a 
sulphur-free  fuel  just  before  stopping;  otherwise  serious 
rusting  of  the  cylinder  walls  and  manifold  will  result 
after  the  engine  has  stood  even  for  as  short  a  time  as  a 
few  hours. 

F.  W.  Gay,  of  the  De  La  Vergne  Co.,  in  the  next  paper 
also  referred  to  sulphur  in  fuels  as  giving  trouble,  but 
stated  that  there  is  very  little  trouble  with  lubrication; 
less  than  with  steam  engines.  Fuels  with  6  or  8  per  cent 
of  sulphur  had  been  used. 

W.  G.  Gernandt  discussed  the  development  of  a  small 
fuel-injection  engine  for  which  he  claims  a  speed  range 
of  from  250  to  2250  r.p.m.  for  a  single-cylinder  model, 
and  of  from  200  to  2500  r.p.m.  for  a  four-cylinder  engine 
of  23g-in.  bore  and  5-in.  stroke. 

Prof.  C.  E.  Lucke,  of  the  Worthington  Pump  &  Ma- 
chinery Corporation,  compared  the  situations  as  regards 
the  two  distinct  engine-types  that  have  to  be  considered 
in  connection  with  fuel  utilization.  The  one  group,  rep- 
resented by  the  automobile  engine,  requires  fuel  that  is 
specially  prepared  for  its  use  and  cannot  go  far  beyond 
the  present  range  in  fuel  quality.  This  type  has  the 
weight  of  a  great  industry  back  of  it,  and  can  demand 
what  it  requires,  but  cannot  readily  change.  The  other 
group  is  represented  by  the  heavy-oil  engine  in  its  various 
forms.  It  can  use  almost  any  kind  of  fuel,  but  has  not 
powerful  backing  to  facilitate  its  ready  development. 
Professor  Lucke  went  on  to  discuss  the  basic  differences 
between  the  two  types  and  pointed  out  that  the  injection 
type  of  engine  is  not  limited  as  to  fuel  quality  or  as  to 
compression  pressure,  both  of  which  make  high  economy 
possible.  The  reasons  for  slower  development  of  this 
type  are  greater  engineering  difficulties  in  design  and  a 
patent  situation  that  has  limited  progress  almost  to  the 
present  time. 

Professor  Lucke  discussed  at  some  length  the  real 
progress  that  has  been  made,  and  concluded  that  the  most 
serious  problems,  those  of  injection  at  high  speed,  proper 


spraying  and  cylinder  form,  have  been  solved.  Reduc- 
tion of  weight  and  of  cost  are  to  be  accomplished 
still,  but  there  are  precedents  which  show  that  both  are 
possible. 

Finally,  the  author  proposed  a  program  of  concerted 
research  to  solve  some  of  the  outstanding  problems  of  the 
injection  engine,  such  as  the  physics  of  the  various  fuels 
and  their  behavior  in  small  passages  at  high  pressures 
and  the  physics  of  air  at  high  pressures  and  temperatures, 
and  called  upon  the  oil  industry  to  further  these  lines  of 
development  and  promote  as  far  as  possible  the  use  of  the 
heavy-oil  engine. 

Max  Rotter,  of  the  Busch-Sulzer  Brothers  Co.,  pre- 
sented his  paper  by  title,  but  discussed  Professor  Lucke's 
paper  briefly.  He  said  that  the  producers  of  lubricants 
have  cooperated  in  Diesel  development  because  the  sale  of 
lubricants  was  thereby  increased,  but  that  the  fuel-oil 
producers  have  not  been  interested  because  the  demand 
for  fuel  oil  is  decreased  by  Diesel  development.  The 
paper  itself  discussed  the  field  of  application  of  the 
Diesel  engine  as  compared  with  steam,  and  showed  that 
its  most  advantageous  use  is  for  moderate-size  stationary 
and  marine  plants.  In  very  large  sizes  the  advantages 
over  the  steam  turbine  are  not  so  marked.  Diesel  engines 
can  now  use  almost  any  liquid  fuel,  but  the  fuel  producers 
have  done  little  to  standardize  or  to  improve  the  situa- 
tion. The  makers  of  lubricants,  on  the  other  hand,  have 
improved  their  product  considerably. 

A  paper  by  Arthur  West,  of  the  Bethlehem  Steel  Cor- 
poration, also  read  by  title,  was  followed  by  several  brief 
discussions.  The  trend  of  the  fuel  prices  and  the  in- 
evitable demand  for  higher  thermal  efficiencies  were 
topics.  The  author  stated  that  the  efficiencies  of  steam 
units  are  more  limited  than  those  of  the  injection-type 
heavy-oil  engine.  He  was  of  the  opinion  that  the  costs  of 
Diesel-engine  installation  are  likely  to  decrease  due  to  the 
increased  quantity  production  and  the  increase  in  the 
size  of  the  units ;  also  that  the  obsolescence  period  of  the 
Diesel  engine  should  be  rated  as  longer  than  that  of  a 
turbine  plant. 


Vol.  XII 


January,  1923 


No.  1 


WORLD  OIL-PROBLEMS 


THE  aggregate  acreage  of  all  the  actually  producing  areas 
in  the  United  States  is  insignificant  compared  with  the 
total  area  of  the  sedimentary  rocks  in  this  country.  There 
are  numerous  examples  in  the  past  history  of  the  oil  industry 
of  tests  having  been  drilled  in  a  region  without  success,  the 
region  abandoned  and  then,  after  a  time,  redrilled  and  found 
to  contain  important  oil  deposits.  It  is  only  reasonable  to 
suppose  that  there  will  be  additional  examples  of  this  in  the 
future.  It  is  a  fact  that  the  greater  part  of  the  United  States 
has  not  yet  been  conclusively  tested  for  oil.  The  mathemat- 
ical chance  of  large  untapped  oil  reserves  in  the  United  States 
is  of  a  different  character,  in  a  positive  direction,  than  the 
careful  estimates  already  made  would  lead  one  to  believe. 

For  a  great  nation  to  say,  "Since  oil  is  a  prime  necessity 
to  us  in  case  of  war,  the  oil  resources  of  our  State  must  be 
developed  by  our  own  nationals,"  overlooks  the  economic  and 
practical  points  that  very  large  sums  are  required  to  develop 
new  oil  regions,  and  that  much  of  the  money  spent  in  pros- 
pecting is  not  productive,  that  in  case  of  war  only  developed 
oil  fields  have  practical  value  and  that,  should  there  be  a  war, 
any  developed  oil  field  would  be  immediately  mobilized,  irre- 
spective of  whether  the  development  was  due  to  domestic  or 
foreign  capital.  It  is  better  economics  to  have  the  losses  of 
development  shared  by  foreign  capital  than  to  have  the  whole 
loss  fall  at  home.  The  most  complete  self-interest  and  self- 
advancement  says  "Throw  the  doors  wide-open." 

The  oil  resources  of  the  world  as  a  whole  are  large  beyond 
any  calculation  possible  at  the  present  time.     It  is  now  dem- 


onstrated that  commercial  petroleum  may  occur  in  sedimen- 
tary rocks  of  any  age  from  the  oldest  to  the  youngest  and  in 
any  structural  position.  The  sedimentary  rocks  occupy  the 
greater  part  of  the  earth's  surface.  Those  found  in  the 
United  States  are  but  a  small  part.  It  is  only  in  the  United 
States  that  these  sedimentary  rocks  have  been  extensively 
developed  for  oil.  As  the  ultimate  production  of  the  United 
States  is  to  the  area  of  the  sedimentary  rocks  of  the  United 
States,  so  the  ultimate  total  oil  production  of  the  world  will 
be  to  the  whole  area  of  sedimentary  rocks  of  the  world. 

But,  vast  as  the  oil  resources  of  the  world  are,  they  must 
be  developed,  if  the  constantly  increasing  needs  of  civiliza- 
tion are  to  be  met.  The  United  States  has  borne  the  great 
portion  of  the  burden  of  the  world's  oil  requirements,  giving 
freely  from  its  natural  resources  for  the  benefit  of  commerce 
and  civilization.  Unless  foreign  oil-fields  are  developed  more 
thoroughly,  the  time  must  inevitably  come  when  all  nations 
will  be  seriously  handicapped. 

There  are  many  regions  in  Europe,  which  contain  promising 
oil  territory,  whose  development  is  prevented  by  antiquated 
laws,  international  jealousies  and  local  national  feeling,  all 
to  the  detriment  of  the  countries  concerned.  The  more  rap- 
idly the  lessons  of  past  mistakes  are  realized  and  corrected, 
the  more  rapidly  real  progress  will  be  made.  One  point  grows 
increasingly  clear,  far  from  facing  world  oil-exhaustion,  the 
oil  industry  is  at  the  present  time  merely  on  the  threshold  of 
a  glorious  future. — A.  C.  Veatch  at  American  Petroleum 
Institute  meeting. 


FEDERAL  ROAD  MONEY 


THE  post-office  appropriation  authorizes  expenditures  of 
$190,000,000  in  Federal  aid  for  road  construction.  Fifty 
million  dollars  is  authorized  for  the  fiscal  year  beginning 
July  1  and  $65,000,000  and  $75,000,000  respectively  for  each 
of  the  two  succeeding  fiscal  years.  In  addition,  $13,000,000 
is  authorized  for  forest  roads  for  the  two  fiscal  years  1923 
and  1924.  The  funds  will  be  administered  by  the  Secretary 
of  Agriculture  through  the  Bureau  of  Public  Roads.  These 
funds  must  be  matched  by  the  States  and  will  be  adminis- 
tered subject  to  the  general  provisions  already  in  force. 

The  new  legislation  reduces  the  maximum  participation  on 
the  part  of  the  Federal  Government  from  $20,000  to  $16,250 
per  mile  for  roads  constructed  with  the  appropriation  during 
the  next  fiscal  year  and  to  $15,000  a  mile  thereafter.  Bridges 
over  20  ft.  in  span  may  be  considered  as  separate  projects 
to  which  this  limitation  does  not  apply.  The  new  appropria- 
tion comes  at  a  time  when  several  States  are  nearing  the 
limit  of  funds  available.  The  authorization  of  funds  for 
3  years  in  advance  will  be  of  great  benefi',  to  all  States  in 


that  it  will  permit  them  to  lay  their  plans  for  some  time 
ahead. 

Heretofore  $350,000,000  has  been  appropriated.  On  May  31 
17,000  miles  of  road  had  been  completed  and  in  addition  near- 
ly 14,500  miles  were  under  construction.  Federal-aid  roads 
in  all  stages  total  nearly  38,700  miles,  costing  over  $287,500,- 
000  in  Federal  aid.  The  States  have  appropriated  approxi- 
mately $380,000,000,  making  a  total  of  $667,500,000.  All 
types  of  road  have  been  constructed  with  Federal  aid  to  meet 
the  varying  conditions  in  the  United  States.  The  average 
cost  per  mile  has  been  $17,120;  Federal  aid  has  amounted  to 
43  per  cent  of  the  total  cost. 

It  is  estimated  that  the  $190,000,000  lately  authorized  will 
result  in  the  construction  of  more  than  25,000  miles  of  im- 
proved roads,  which,  added  to  the  46,000  miles  that  is  ex- 
pected to  result  from  previous  appropriations,  makes  a  total 
of  71,000  miles,  or  nearly  40  per  cent  of  the  estimated  180,- 
000  miles  of  road  in  the  system  of  Federal-aid  roads  now  be- 
ing outlined. 


122 


Vol.  XII 


January,  1923 


No.   1 


FATIGUE  OF  METALS 


IN  a  lecture  delivered  to  the  Royal  Institution  in  1914,  the 
late  Lord  Rayleigh  quoted  some  exasperated  experimental- 
ist to  the  effect  that  the  classical  theory  of  hydrodynamics 
as  developed  by  Euler  and  Lagrange  had  no  connection  with 
the  actual  behavior  of  real  fluids.  The  practical  engineer 
could  find,  in  the  records  of  experience,  grounds  for  an 
equally  unrestrained  indictment  of  the  mathematical  theory 
of  elasticity.  In  each  case  the  criticism,  though  not  wholly 
without  foundation,  is  too  sweeping  in  character,  and  both 
mathematical  theories  have  proved  of  very  considerable 
service  to  the  practician,  in  spite  of  the  fact  that  the  ideal 
materials,  to  which  alone  they  apply  without  restriction,  re- 
main mere  figments  of  the  imagination. 

It  was  inevitable  that  the  successful  development  of  stress 
analysis  during  the  nineteenth  century  should  have  led  those 
versed  in  it  to  underestimate  the  importance  of  the  empirical 
factor  involved  in  the  fixation  of  working  stresses.  Fair- 
bairn  seems  to  have  been  the  first  to  state  definitely  that  the 
permissible  working-stress  on  an  iron  structure  is  not  a 
fixed  quantity,  but  varies  with  the  character  of  the  loading. 
This  conclusion  was  at  the  outset  based  on  observation  and 
experience.  Although  some  explanation  of  Fairbairn's  and 
Wohler's  results  had  been  supplied  in  anticipation  by  James 
Thomson's  demonstration  of  the  fact  that  the  raising  of  the 
tension  elastic-limit  of  a  material  by  stretching  it,  involves 
a  lowering  of  the  compression  limit,  the  reality  of  fatigue 
continued  to  be  disputed  even  after  Thomson's  conclusions 
had  been  confirmed  by  the  elaborate  experiments  of  Bausch- 
inger.  Bridge  engineers  in  particular  were  prone  to  attribute 
to  the  effects  of  impact  the  necessity  of  adopting  lower  unit- 
stresses  in  proportioning  structures  intended  to  carry  rela- 
tively high  loads. 

Whatever  views  may  be  held  as  to  the  mechanism  of  failure 
by  fatigue,  all  agree  that  the  safe  permissible  stress  is  a 
function  of  the  number  of  times  it  is  repeated.  The  National 
Research  Council  estimates  that  a  steam  turbine  may  make 
15,000,000,000  revolutions  during  its  working  life  and  a 
steam  engine  1,000,000,000.  This  latter  figure  probably 
refers  to  land  practice  and  to  high-speed  engines  and  can 
hardly  be  attained  in  sea  service.  Car  axles  are  attributed 
a  life  of  360,000,000  revolutions;  while  main  bridge-members 
are  only  called  upon  to  undergo  2,000,000  repetitions  of 
stress.  It  is  of  interest  to  note  that  according  to  this  esti- 
mate rails  are  subjected  in  their  lifetime  to  half  a  million 
repetitions  of  engine  wheel-loads,  but  to  15,000,000  repeti- 
tions of  the  car  wheel-loads. 

When  the  phenomena  of  fatigue  first  began  to  be  generally 
recognized  the  belief  was  common  that  the  long-continued 
vibration  caused  the  material  to  crystallize,  and  the  older 
textbooks  made  frequent  references  to  the  fibrous  character 
of  surfaces  that  had  failed  under  a  steady  stress.  Now, 
however,  it  is  known  that,  even  in  typically  fibrous  ma- 
terials, the  ultimate  constitution  is  really  crystalline,  and 
the  characteristic  appearance  of  fatigue  fractures  is  at- 
tributed to  the  progressive  character  of  the  failure. 

As  the  result  of  investigations  carried  out  at  the  Univer- 
sity of  Illinois  by  Prof.  H.  F.  Moore  and  Prof.  J.  B.  Kommers, 
on  behalf  of  the  National  Research  Council  and  others,  some 
interesting  conclusions  have  been  reached.  In  all  cases  it 
was  indicated  that  the  endurance  limit  of  a  material  can  be 
obtained  with  experiments  not  extending  beyond  10,000,000 
repetitions  of  stress.  The  observers  relied  for  the  most  part 
on  rotating-bar  tests,  which  have  the  advantage  that  very 
high  rates  of  alternation  of  stress  can  be  employed  without 
risk  of  errors  from  inertia  effects.  The  specimens  were  sub- 
jected to  a  bending-moment  that  was  uniform  over  a  length 
of  about  3  in.  It  was  found  necessary  to  have  this  portion 
of  the  beam  of  much  smaller  diameter  than  the  remainder, 


since  without  this  precaution  fracture  always  occurred  at 
the  collets,  where  the  loads  that  produced  the  uniform 
bending-moment  were  applied.  Moreover,  in  making  the 
change  of  section,  fillets  of  very  large  radius  were  found 
essential.  Thus  the  main  body  of  the  bar  being  0.4  in.  in 
diameter  and  the  reduced  section  0.3  in.,  a  radius  of  0.5  in. 
at  the  junction  was  proved  to  be  too  small.  Ultimately  this 
reduced  section  was  made  as  one  continuous  curve  of  9.85-in. 
radius  from  end  to  end,  which  gave  a  practically  parallel 
section  about  0.20  in.  long  at  the  middle  point. 

A  notable  point  brought  out  in  these  experiments  is  that 
the  surface  finish  has  an  important  bearing  on  the  capacity 
to  withstand  alternating  stresses.  Rough-turned  specimens 
show  20  per  cent  less  endurance  than  polished  ones.  Test- 
pieces  finished  by  grinding,  though  better  than  if  merely 
machined,  were  still  distinctly  inferior  to  those  with  polished 
surfaces.  There  was,  however,  no  material  difference  be- 
tween specimens  finished  with  rouge  and  those  polished  with 
emery  cloth  in  the  usual  way. 

One  interesting  result  was  that  the  ultimate-strength  of 
the  material  was  a  somewhat  more  reliable  index  of  its 
endurance  than  was  the  elastic-limit.  The  Brinell  test  was, 
however,  still  better;  while  the  notched-bar  tests  were  un- 
satisfactory in  this  regard.  Of  course,  in  this  connection  it 
must  be  borne  in  mind  that,  in  practice,  tests  are  made  with 
different  objects.  For  the  most  part  the  suitability  of  a 
material  for  a  given  purpose  is  estimated  from  the  results 
of  practical  experience  with  it,  and  the  purchaser  accord- 
ingly merely  requires  some  simple  and  rapid  test  to  ensure 
that  he  is  being  supplied  with  the  material  specified,  and 
that  this  is  of  uniform  quality.  Undoubtedly  the  notched- 
bar  test  provides  a  very  drastic  test  of  this  latter  quality. 

But  even  10,000,000  repetitions  of  the  stress  require  sev- 
eral days  to  complete,  and  a  less  tedious  plan  would  be  highly 
advantageous.  This  appears  to  be  afforded  by  Stromeyer's 
method,  which  is  based  upon  the  fact  pointed  out  by  Lord 
Kelvin  in  1855  that  a  specimen  is  cooled  by  stretching  it 
within  its  elastic-limit  and  heated  by  compressing  it.  On 
the  other  hand,  any  permanent  distortion  always  heats  the 
bar.  Hence,  if  subjected  to  an  alternating  stress,  so  long 
as  the  internal  work  done  is  wholly  elastic  the  rise  of  tem- 
perature produced  by  compression  will  be  annulled  by  the 
reduction  of  temperature  due  to  tension,  and  the  mean  tem- 
perature will  remain  unchanged.  So  soon,  however,  as 
permanent  changes  are  produced  within  the  metal  there  will 
be  a  rise  of  temperature. 

It  has  been  asserted  that  once  a  material  has  been  strained 
beyond  its  elastic-limit  it  is  ruined,  a  contention  that  is 
maintained  in  spite  of  the  fact  that  plates  for  boiler  shells 
are  bent  to  form  cold,  and  appear  none  the  weaker  for  this 
treatment.  In  this  connection  some  of  the  experiments  made 
at  the  University  of  Illinois  are  of  special  interest.  Sup- 
pose the  endurance  limit  of  a  material,  under  alternating 
stress,  has  been  determined,  that  is  to  say,  the  stress  of 
which  it  will  endure  an  unlimited  number  of  repetitions. 
What  will  be  the  effect  of  submitting  it  at  the  outset  to  a 
limited  number  of  higher  stresses?  The  Illinois  observers 
conclude  that  a  38-per  cent  over-stress  applied  100  times 
does  not  permanently  injure  the  material,  but  a  35-per  cent 
over-stress  applied  1000  times  did  apparently  reduce  the  en- 
durance by  4  per  cent.  This  fact  is  obviously  one  of  great 
interest,  as  it  indicates  that  an  occasional  temporary  over- 
load of  a  machine  part  is  of  no  practical  importance.  This 
conclusion  may  possibly  lead  to  a  revision  of  current  ideas 
as  to  the  importance  of  temperature  stresses.  It  is,  more- 
over, noteworthy  that  high-carbon  steels  were  found  to  suffer 
more  from  occasional  overloads  than  the  softer  structural 
materials. — Engineering  ( London ) . 
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AS  indicated  in  several  articles  appearing  in  the  December 
•  issue  of  The  Journal,  the  Standards  Committee  has 
been  most  active  during  the  last  few  months.  The  status  of 
over  50  of  the  100  live  subjects  before  the  Standards  Com- 
mittee Divisions  changed  during  November,  which  is  excep- 
tional in  view  of  the  fact  that  over  75  per  cent  of  the  sub- 
jects have  been  awaiting  Subdivision  action. 

Brake-Lining 

The  Technical  Committee  of  the  Brake-Liners  Association 
has  recommended  that  the  following  list  of  inch  sizes  of 
brake-lining  be  accepted  as  an  S.A.E.  Standard. 

lVixA  l%xft  2      x%  3      x* 

l%x&  1%xA  2%x%  314x4 

lSxfi  2     x*V  3      xYi.  4     x  A 

2      x&  2%xA  4      xVi 

It  is  thought  that  the  adoption  of  such  a  revision  would  place 
the  brake-lining  manufacturers  in  a  better  position  to  object 
to  making  odd  sizes  such  as  1%  x  A  in.  The  suggestion  has 
been  referred  to  the  Brake-Lining  Subdivision  of  the  Parts 
and  Fittings  Division,  which  has  been  working  on  the  stand- 
ardization of  brake-lining  tests  and  specifications  for  some 
time  in  cooperation  with  the  Bureau  of  Standards  and  manu- 
facturers. Brake-lining  testing-machines  have  been  devel- 
oped and  are  being  used  by  several  of  the  manufacturers, 
the  tests  that  have  been  made  having  been  carefully  checked 
at  Subdivision  meetings.  At  the  last  meeting,  however,  the 
results  indicated  that  further  development  work  would  have 
to  be  undertaken  before  the  testing  machines  would  meet 
the  requirements  of  the  industry. 

Cast-Iron  Specifications 

At  the  last  meeting  of  the  Iron  and  Steel  Division  it  was 
decided  that  the  present  S.A.E.  Standard  for  iron  and  steel 
specifications  should  be  extended  to  include  the  statement 
that  the  Division  deems  it  inadvisable  to  formulate  specifi- 
cations for  cast  iron  by  chemical  requirements,  in  view  of 
the  wide  range  of  conditions  to  be  met. 

Clutch-Release-Type  Thrust  Ball-Bearings 

The  present  S.A.E.  Recommended  Practice  for  Clutch-Re- 
lease-Type Thrust  Ball-Bearings  was  adopted  by  the  Society 
in  July,  1921,  and  is  printed  on  p.  B39  of  the  S.A.E.  Hand- 
book. Several  objections  to  it  have  been  raised  by  Society 
members.  At  the  meeting  of  the  Ball  and  Roller  Bearings 
Division  on  Nov.  9  this  subject  was  discussed  informally.     It 


LB  and  HT  for  taper  roller  bearings 

LB  and  HS  (or  ball  bearings 

LR  and  HR  for  straight  roller  bearings 


is  believed  that  the  criticisms  submitted  are  amply  justified. 
The  Standards  Department  was  requested  to  circularize  the 
users  of  this  type  of  bearing  to  ascertain  definitely  the  ex- 
tent of  the  use  of  the  recommended  practice. 

Differential  Gears 

The  Subdivision  on  Differential  Gears  of  the  Axle  and 
Wheels  Division  has  been  working  in  cooperation  with  a 
similar    committee    of    the    American    Gear    Manufacturers' 


Fig.    2 — Proposed   Recommended   Practice   for   11-20    Ratio 
Gears 


ft/ 
TgMax  fod. 


Fig.    3 — Proposed   Recommended   Practice   for   10-1S    Ratio 
Gears 

Association  with  a  view  to  formulating  a  standard  for  pas- 
senger-car and  motor-truck  differential  gears  and  cases.  A 
tentative  recommendation  has  been  adopted  and  is  shown 
in  Figs.  1  to  5. 

It  is  felt  that  the  present  large  variety  of  designs  can  be 
greatly  reduced  through  the  adoption  of  the  proposed  stand- 
ards in  practice,  thereby  decreasing  manufacturing  costs, 
conserving  material,  lessening  dealers'  and  service-stations' 
necessary  stock  of  spare-parts  and  greatly  facilitating  re- 
placement of  worn  or  broken  parts  in  passenger  cars  and 
motor  trucks. 
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1 — Proposed  Recommended  Practice  for  Two-Piece  Differential  Case 
D        E 


10- IS         7%     -6.625       6.000     &%      -    - 


F 
lax. 

HT 

HS  HR 

J 

±0.001 

K 

LB 

LR 

M 

N 
±0.001 

P 

±0.001 

2% 

% 

i!      1ft 

0.750 

1ft 

2.1669 
2.1660 

2.1654 
2.1645 

2ft 

1.377 

2.315 

2% 

% 

S3    .1% 

0.750 

1ft 

1.9699 
1.9691 

1.9685 
1.9677 

2ft 

1.2S3 

2.079 

Drill  Holes 
Xo.  Diarn. 


1% 


1H 


12 


10 


Ii 


124 


Vol.  XII 


January,  1923 


No.   1 


CURRENT  STANDARDIZATION  WORK 


125 


Although  the  proposal  includes  many  detailed  dimensions, 
the  Division  has  not  definitely  decided  as  to  what  extent  de- 
tailed dimensions  should  be  specified.  Standard  outside  di- 
mensions of  the  case  would  permit  of  interchanging  or 
replacing  cases,  whereas  complete  standardization  as  tenta- 
tively proposed  would  tend  to  reduce  the  cost  of  making 
gears  and  permit  individual  car-owners  to  interchange  or 
replace  parts  within  the  case.  The  recommendation  proposed 
has  been  submitted  to  the  industries  generally  for  criticism, 
particularly  regarding  the  extent  to  which  detailed  dimen- 
sions should  be  included.  It  will  also  be  submitted  as  a 
progress  report  at  the  Standards  Committee  Meeting  on 
Jan.  9  if  time  permits. 

The  standard  is  not  intended  to  meet  the  requirements  of 
present  designs,  but  as  a  guide  for  future  designs.  It  cannot 
be  expected  to  meet  all  requirements,  but  should  be  of  ma- 
terial value  to  users  and  makers  of  differentials. 

Engine  Numbers 

At  the  last  meeting  of  the  Engine  Division,  R.  S.  Begg, 
chairman  of  the  Passenger-Car  Division,  submitted  a  num- 
ber of  additional  samples  embodying  methods  for  number- 
ing engines  and  frames.  Photographs  and  samples  of  the 
various  methods  that  have  been  tested  by  the  Underwriters' 
Laboratories,  all  of  which  were  considered  to  have  failed  to 
meet  the  necessary  requirements,  were  also  submitted.  It 
■was  stated  that  only  one  method  of  changing  the  numbers 
on  each  sample  had  been  tried,  but  that  there  are  probably 
other  methods  equally  or  possibly  more  effective  which  fur- 
ther study  would  have  brought  out.  Upon  completion  of  all 
tests  by  the  Underwriters'   Laboratories,  a  complete  report 
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4 — Proposed  Recommended  Practice  for  10-18 
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Number  of  Teeth, 
Diametral  Pitch 
Pitch  Angle,  deg.-min. 
Face  Angle,  deg.-min. 
Chordal  Thickness,  in. 
Corrected  Pitch  Depth,  in. 
Addendum,  in. 
Dedendum,  in. 
Block  Angle,  deg.-min. 
Pressure  Angle,  deg. 

The  chordal  thickness  allows  for 


Gear 


Pinion 


18 

10 

5-7 

5-7 

60-57 

29-3 

64-55 

33-1 

0.3093 

0.3153 

0.1453 

0.1505 

0.1429 

0.1429 

0.1785 

0.1785 

4-57 

4-57 

20 

20 

0.006-in. 

backlash. 

To  Slide  when  under  load 
Chamfer  Ends  of  Bore  and  Sides 
—j_  of  Splines  J  ",*5° 


SreakCa 

Run  Out  000?" 
on  Hardened  Geai 


Fig.   5- 


-Proposed  Recommended  Practice  for  11-20  Differ- 
ential Gear  and  Pinion 


Gear 


Pinion 


Number  of  Teeth, 
Diametral  Pitch 
Pitch  Angle,  deg.-min. 
Face  Angle,  deg.-min. 
Chordal  Thickness,  in. 
Corrected  Pitch  Depth,  in. 
Addendum,  in. 
Dedendum,   in. 
Block  Angle,  deg.-min. 
Pressure  Angles  deg. 
The  chordal  thickness  allows  for 


20 

11 

5-7 

5-7 

61-11 

28-49 

64-46 

32-24 

0.3080 

0.3130 

0.1459 

0.1530 

0.1429 

0.1429 

0.1785 

0.1785 

4-22 

4-22 

20 

20 

0.006-in. 

backlash. 

illustrated  with  photographs  of  all  samples  submitted  by  the 
Society  and  received  from  other  sources  will  be  available. 

Flexible  Discs 

The  Parts  and  Fittings  Division  has  undertaken  the  stand- 
ardization of  bolt-circle  diameters,  inside  diameters,  outside 
diameters  and  thicknesses  of  flexible  discs  used  for  pro- 
peller-shaft couplings.  C.  W.  Spicer  and  E.  W.  Templin 
have  been  appointed  a  Subdivision  to  obtain  information  and 
prepare  a  report  to  the  Division. 

Flywheel  Housings 

An  inquiry  as  to  whether  8  or  12  holes  should  be  specified 
for  the  S.A.E.  Standard  No.  5  flywheel  housiug  flange  was 
discussed  at  the  last  meeting  of  the  Engine  Division.  As 
very  few  of  the  engine  builders  make  engines  requiring  this 
size  of  housing,  it  was  decided  that  the  Standards  Depart- 
ment should  make  inquiry  as  to  what  companies  are  using  it 
and  what  mounting  dimensions  are  considered  good  practice. 

Iron  and  Steel  Specifications 

At  the  last  meeting  of  the  Iron  and  Steel  Division  it  was 
pointed  out  that  the  present  S.A.E.  steel  numbers  are  not 
always  used  by  purchasers  of  S.A.E.  standard  analyses,  pri- 
vate specification  numbers  being  substituted.  It  was  thought 
that  there  is  absolutely  no  good  reason  for  this  and  that  the 
American  Iron  and  Steel  Institute  should  be  requested  to 
take  steps  to  counteract  the  practice  if  possible. 

The  suggestion  that  the  minimum  sulphur-content  for 
screw-stock  specifications  No.  1112  and  1120  be  changed  from 
0.075  to  0.090  per  cent,  the  other  elements  remaining  the 
same,  was  discussed.  It  was  decided  that  the  the  Standards 
Department  should  circularize  representative  steel  and  pas- 
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senger-car  producers,  as  well  as  cold-drawn  bar  and  shafting 
manufacturers,  in  reference  to  the  advisability  of  this. 

The  matter  of  the  standardization  of  molybdenum  steels 
was  reopened  on  the  basis  of  several  communications  re- 
ceived from  Society  members.  Chairman  Gilligan  outlined 
the  previous  action  of  the  Council  in  not  assigning  the  subject 
of  molybdenum  steels  to  the  Division,  due  to  the  rule  of  the 
Standards  Committee  that  prohibits  the  standardization  of 
patented  articles.  It  was  stated  that  several  of  the  steel 
companies  receive  a  large  number  of  inquiries  for  various 
molybdenum-steel  compositions  and  that  the  standardization 
of  definite  compositions  would  be  of  considerable  help  to  the 
steel  producers.  As  it  was  the  consensus  of  opinion  that  the 
subjects  of  high-chromium  and  molybdenum  steels  should  be 
assigned  to  the  Iron  and  Steel  Division  on  the  basis  that,  if 
the  composition  of  a  steel  is  not  similar  to  the  composition 
of  other  steels  and  may  be  manufactured  by  any  manufac- 
turer taking  out  a  license,  there  can  be  no  objection  against 
the  standardization  of  it.  It  was  also  thought  desirable  to 
ascertain  the  extent  of  the  use  of  all  steel  compositions  and 
the  Standards  Department  was  authorized  to  send  out  a  gen- 
eral questionnaire  to  the  automotive  and  parts  makers  re- 
questing data  as  to  the  tonnage  of  the  various  steels  used. 

The  Division  did  not  feel  that  the  time  was  appropriate 
to  consider  submitting  either  the  carbon  or  alloy-steel  speci- 
fications to  the  American  Engineering  Standards  Committee 
for  consideration  and  adoption  as  a  national  standard.  It 
was  thought,  however,  that  the  Society  is  the  proper  body  to 
sponsor  such  action  when  it  shall  be  considered  in  order. 

Fuel  and  Lubrication  Pipe-Fittings 

At  the  last  meeting  of  the  Parts  and  Fittings  Division 
the  present  S.A.E.  Standards  for  Fuel  and  Lubrication  Pipe- 
Fittings,  pp.  C46  and  C47  of  the  S.A.E.  Handbook,  were 
discussed.  The  tolerance  on  the  diameter  of  the  hole  in  the 
extended  portion  for  the  flared-tube  type  that  holds  the  tub- 
ing so  as  to  prevent  vibration,  was  considered  with  reference 
to  possible  revision.  It  was  felt,  however,  that  before  any 
changes  in  the  standard  were  undertaken,  a  careful  analysis 
of  present  practice  should  be  made,  as  present  production  of 
standard  fittings  constitutes  over  50  per  cent  of  the  total 
production. 

The  Division  has  been  working  for  some  time  also  on  the 
standardization  of  compression-type  fittings.  It  is  felt  that 
any  standard  adopted  should  be  based  on  current  production. 

Lubrication  of  Springs 

Replies  received  to  inquiries  sent  out  recently  as  to  the 
possibility  of  standardizing  spring  lubricants  indicated  a  con- 
siderable difference  of  opinion  as  to  the  necessity  of  lubri- 
cating springs  and  the  type  of  lubricant  that  should  be  used. 
The  Springs  Division  has  therefore  decided  to  discontinue 
this  subject. 

Footman  Loops 

At  the  last  meeting  of  the  Passenger-Car  Body  Division  it 
was  suggested  that  a  standard  for  footman  loops  would,  if 
adopted  in  practice,  overcome  the  necessity  of  making  a 
large  variety  of  designs  and  sizes.    A  type  of  loop  which  was 
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thought  satisfactory  for  all  general  applications  was  sub- 
mitted and  the  Standards  Department  asked  to  circularize  it 
for  approval  as  a  tentative  recommendation  of  the  Division. 
This  type  is  shown  in  Fig.  6.  Standard  footman  loops  would 
be  of  value  also  to  strap  manufacturers. 

License-Plates  and  Brackets 

At  the  last  meeting  of  the  Parts  and  Fittings  Division, 
W.  C.  Keys  submitted  a  report  based  on  data  received  from 
several  States  indicating  the  largest  sizes  of  passenger-car, 
motor-truck  and  motorcycle  license-plate  used.  The  plate 
dimensions  proposed  were  based  on  sizes  used  in  California, 
Illinois,  Indiana,  Michigan,  New  York,  Ohio  and  Pennsyl- 
vania, in  which  States  the  majority  of  automobiles  are  regis- 
tered. The  report  was  approved  in  a  revised  form,  the 
minimum  as  well  as  the  maximum  plate-lengths  being  speci- 
fied and  the  holes  in  the  plates  located  so  that  all  plates  for 
a  given  type  of  vehicle  could  be  mounted  on  one  size  of 
bracket.  The  proposal  as  approved  is  given  in  Fig.  7  and  is 
to  be  circulated  by  the  Standards  Department  among  the 
several  States  for  further  comment  or  approval  before  final 
Division  action  shall  be  taken. 
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Proposed  Standard  for  License  Plates 

Type  of 

Plate 

A         B            C         D           E           F 

Automobile' 

16         10           4%       6%          %         9/32 

Motorcycle 

8%       5           2           4%          %         7/32 

1  Includes  1 

oth 

passenger  oars  and  motor  trucks. 

Fig,  6 — Proposed  Standard  for  Footman  Loops 


Motor-Truck  Rating 

A  meeting  of  the  Motor-Truck  Rating  Subdivision  of  the 
Truck  Division  was  held  on  Nov.  20,  1922.  A.  K.  Brum- 
baugh, chairman  of  the  Subdivision,  D.  C.  Fenner,  A.  J. 
Scaife,  A.  L.  McMurtry  and  F.  W.  Fenn  were  present.  Mr. 
McMurtry,  formerly  connected  with  the  Motor  Vehicle  Com- 
missioner's Office  of  the  State  of  Connecticut,  stated  that 
public  feeling  against  motor  trucks  is  increasing  rapidly  be- 
cause of  careless  and  unsafe  methods  of  operation,  and  that 
this  will  lead  to  more  drastic  action  by  State  legislatures. 
It  was  his  opinion  that  the  problem  of  rating,  based  on  regu- 
lations for  brakes,  steering-gears  and  axles  is  largely  one  of 
adequate  maintenance  in  operation,  particularly  as  these 
parts  are  well  designed  on  recognized  makes  of  motor  truck. 
He  felt  that  the  most  effective  way  to  accomplish  the  desired 
results  is  to  require  the  placing  of  a  permanent  plate  on 
every  motor-truck  chassis  giving  the  following  information: 

The  gross  permissible  load  on  the  front  axle 

The  gross  permissible  load  on  the  rear  axle 

The  maximum  speed 

The  maximum  allowable  stopping-distance  in  feet,  from 
the  maximum  speed  under  normal  conditions  with 
the  motor  truck  fully  loaded,  and  applying  either 
set  of  brakes  independently  of  the  other 

Such  plates  would  have  to  be  filled  out  for  every  motor 
truck  licensed.  No  trouble  would  be  expected  from  new 
trucks  made  by  recognized  builders  and  with  such  plates 
attached  to  them  they  could  be  cheeked  readily  by  inspectors 
on  the  road.  This  suggestion  would,  in  Mr.  McMurtry's 
opinion,  answer  practically  all  requirements. for  regulations, 
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leaving  to  the  builders  the  determination  of  their  motor- 
truck ratings,  they  furnishing  their  trucks  with  the  plates 
properly  stamped  rather  than  being  required  to  conform  to 
an  arbitrary  rating.  The  owners  of  "orphan"  trucks  would 
then  have  to  apply  to  the  State  officials  for  their  plates  and 
before  these  would  be  issued  the  truck  would  have  to  be 
examined  by  State  inspectors. 

After  general  discussion,  it  was  decided  to  discontinue 
further  consideration  of  the  Subdivision's  previous  proposi- 
tion for  the  regulation  of  brakes,  steering-gears  and  axles, 
and  to  recommend  tentatively  that  all  motor  trucks  be 
equipped  with  plates  giving  the  requirements  necessary  for 
safe  operating  conditions,  and  that  this  recommendation  be 
circulated  by  the  National  Automobile  Chamber  of  Com- 
merce among  its  members  and  other  truck  companies  in 
order  that  prompt  and  wide  publicity  might  inform  the  public 
and  legislators  that  attention  is  being  given  to  providing  an 
adequate  remedy  for  present  conditions  without  working  a 
hardship  on  the  manufacturers.  The  Subdivision  of  the  So- 
ciety's Standards  Committee  is  working  in  cooperation  with 
the  Motor-Truck  Committee  of  the  National  Automobile 
Chamber  of  Commerce.  The  subject  of  motor-truck  rating 
is  being  handled  by  the  Society  as  a  special  subject  and 
action  on  it  will  therefore  be  reported  direct  to  its  Council. 

Nickel-Plating 

It  was  stated  at  the  last  meeting  of  the  Passenger-Car 
Body  Division  that  there  are  major  problems  to  solve  in  con- 
nection with  nickel-plating  on  steel  and  enameling  on  brass. 
Considerable  trouble  with  the  plating  on  steel  peeling,  espe- 
cially on  oversea  shipments  and  cars  or  parts  held  in  storage, 
has  been  experienced  and  no  satisfactory  way  of  overcoming 
the  condition  has  been  found.  It  was  the  consensus  of 
opinion  that  nickel-plating  on  iron  and  steel,  even  when  they 
are  first  plated  with  copper  or  zinc,  should  not  be  used  ex- 
cept where  structural  conditions  make  it  necessary  to  do  so. 
The  subject  will  be  considered  further. 

Paints,  Varnishes  and  Enamels 

This  subject  was  discussed  at  the  last  meeting  of  the 
Passenger-Car  Body  Division  and  considered  important.  It 
was  felt  that  any  work  the  Division  could  do  would  be  of 
material  assistance  in  bringing  the  makers  and  the  users  of 
the  products  to  a  closer  understanding  regarding  their 
mutual  requirements  and  limitations.  A  Subdivision  is  to 
be  appointed  to  investigate  the  subject  thoroughly. 

Poppet  Valves 

The  Subdivision  on  Poppet  Valves  held  a  meeting  recently 
but  no  agreement  was  reached  as  to  the  extent  or  character 
of  a  desirable  poppet-valve  standard.  Tentative  specifica- 
tions are  to  be  considered  by  the  various  members  of  the 
Division  and  discussed  at  a  subsequent  meeting. 

Radiator  Nomenclature 

Herbert  Chase,  writing  in  the  Nov.  16,  1922,  issue  of  Auto- 
motive Industries,  has  suggested  definitions  for  various  types 
of  radiator  core.  These  have  been  referred  to  the  Radiator 
Division  in  connection  with  desirable  revision  of  the  present 
automobile  nomenclature  for  radiator  parts  now  printed  on 
p.  K5  of  the  S.A.E.  Handbook.  The  definitions  suggested 
by  Mr.  Chase  follow. 

Fin-and-Tube  Type. — The  fin-and-tube  type  radiator 
core  is  one  made  from  continuous  water-tubes  over 
which  the  fins  are  fitted.  The  tubes  have  various 
shapes  of  transverse  section,  but  are  not  crimped 
and  are  not  of  that  wide,  flat  type  which  is  formed 
by  joining  two  metal  ribbons  at  each  edge 

Ribbon  Cellular  Type. — The  ribbon  cellular  type  of 
radiator  core  is  one  made  from  continuous  water- 
tubes  formed  by  joining  two  metal  ribbons  at  each 
edge.  The  walls  of  the  tubes  are  usually  crimped 
and  grouped  so  as  to  form  a  cellular  structure.  In 
some  cases  a  part  of  the  cellular  structure  is 
formed  by  flat  or  crimped  ribbon,  which  is  not  a 
part  of  the  water-tube  walls 


Air-Tube  Cellular  Type. — The  air-tube  cellular  type  of 
radiator  core  is  one  made  from  air  tubes  that  are 
nested  in  such  a  way  as  to  form  water-passages 
between  the  tubes,  these  passages  being  sealed  by 
soldering  at  the  ends  of  the  tubes.  In  this  type  of 
core  the  general  direction  of  water  flow  is  at  right 
angles  to  the  tubes,  but  the  water  can  flow  trans- 
versely as  well  as  vertically  through  the  passages 
between  the  tubes 

Rod-End  Pins 

When  the  present  S.A.E.  Standard  for  Rod-End  Pins,  p. 
C8  of  the  S.A.E.  Handbook,  was  adopted,  it  was  general 
practice  to  mill  the  heads  on  the  pins.  Due  to  developments 
in  production,  it  is  now  the  general  practice  to  form  these 
heads  by  upsetting.  As  the  tolerances  on  upset  pins  are 
necessarily  larger  than  those  on  milled  pins,  it  is  considered 
important  to  revise  the  present  tolerances  on  the  diameters 
of  the  holes  in  the  rod-ends.  At  the  last  meeting  of  the 
Parts  and  Fittings  Division,  W.  J.  Outcalt  was  appointed  a 
Subdivision  to  prepare  a  report  on  upset  rod-end  pins  to  fit 
the  present  rod-end  holes. 

Rolled-Sections 

The  standardization  of  steel  and  aluminum  rolled-sections 
is  one  of  the  most  important  subjects  before  the  Passenger- 
Car  Body  Division.  Although  a  tremendous  number  of  sec- 
tions are  used,  it  is  felt  that  all  requirements  can  be  met  by 
a  few  standard  sections.  Only  the  simpler  sections,  such  as 
ovals,  quarter-ovals,  tees,  rain-drips  and  gutters  will  be 
taken  up  at  first,  as  the  more  complicated  sections  are  more 
difficult  to  standardize.  It  is  argued  that  there  is  need  to 
establish  standard  hardness  specifications  for  aluminum 
moldings  because  at  present  they  vary  widely  in  their  degree 
of  hardness. 

Sheet  Aluminum 

At  the  meeting  of  the  Passenger-Car  Body  Division  held 
in  November  it  was  indicated  that  the  present  S.A.E.  Stand- 
ard for  Sheet  Aluminum,  p.  D121  of  the  S.A.E.  Handbook, 
does  not  entirely  answer  body-makers'  requirements,  as  it 
does  not  limit  the  number  of  sheet  sizes.  It  was  felt  that  a 
supplementary  standard  for  sheet  aluminum  listing  a  limited 
number  of  gage  thicknesses,  specific  sheet  sizes  and  definite 
tempers,  should  be  adopted.  R.  A.  La  Barre  was  appointed 
a  Subdivision  to  draft  a   report  in  this  connection. 

Taper  Fittings 

The  Motorboat  Division  expressed  the  view  that  the  present 
standards  for  motorboat  couplings  should  be  revised  in  ac- 
cordance with  the  standard  on  taper  fittings  for  plain  or 
slotted  nuts,  p.  C14  of  the  S.A.E.  Handbook.  The  present 
motorboat  coupling  standards  specify  "non-standard"  nuts 
in  many  cases.  It  was  found,  however,  that  the  present 
standard  for  taper  fittings  does  not  include  fittings  for  the 
1%,  1%  and  S^-in.  shaft  sizes  that  are  used  extensively  in 
motorboat  practice.  The  Motorboat  Division  asked  that  the 
Parts  and  Fittings  Division  extend  this  standard  accord- 
ingly. The  request  was  referred  to  C.  W.  Spicer,  of  the 
Spicer  Mfg.  Corporation,  who  was  largely  responsible  for 
the  formulation  of  the  original  standard,  and  a  report  was 
recently  submitted  and  approved  by  the  members  of  the 
Division. 

Metric-Type  Roller  Bearings 

At  the  October,  1921,  meeting  of  the  Ball  and  Roller  Bear- 
ings Division  it  was  felt  that  there  was  sufficient  demand  for 
standard  metric-type  roller  bearings  that  are  interchange- 
able with  wide  or  double-row  type  ball  bearings  to  warrant 
the  Society  in  continuing  to  publish  the  present  roller-bear- 
ing standards  on  pp.  C43  and  C44  of  the  S.A.E.  Handbook. 
As  the  discussion  indicated  that  the  present  dimensions  of 
the  standard  metric-type  roller  bearings  are  in  general  satis- 
factory it  was  decided  to  request  the  Roller  Bearing  Sub- 
division to  continue  consideration  of  the  revisions  of  the 
present  standards  as  to  tolerances,  widths  and  corner  radii 
as    proposed    at   a    Subdivision    meeting   on    Nov.   20,    1918. 
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TABLE    1 — LIGHT-SERIES    METRIC    ROLLER-BEARING    DIMENSIONS 

Bearing 
No. 

Inside  Diameter 

Outside  Diameter 

Width, 
In. 

Plus  or 
Minus 
0.020 

Ra 

iius  or  Chamfer2  C 

Eccentricity 

Cage 

Clearances, 

In.» 

Mm. 

In. 

Toler- 
ances 
in  Inches 
Plus 
0  0002 
Minus 

Mm. 

In. 

Toler- 
ances 
in  Inches 
Plus 
0.0000 
Minus 

Tolerances  of 
Races,  In. 

Max. 

Min. 

Mm. 

In. 

Mm. 

In. 

Inner 

Outer 

0.0012 
0.0012 
0.0012 
0.0012 

Diam. 

Width 

L04 
LOS 

L06 
L07 

20 
25 
30 
35 

0.7S740 
0.98425 
1.18110 
1.37795 

0.0004 
0.0006 
0.0006 
0.0006 

47 
52 
62 
72 

1.85040 
2.04725 
2.44095 
2.83465 

0.0006 
0.0008 
0.0008 
O.OOOS 

X 
X 
X 
Vi 

1.5 
1.5 
4.0 
4.0 

0.06 
0.06 
0.16 
0.16 

1 
1 
2 
2 

0.04 
0.04 
0.08 
0.08 

0.0006 

II   Huns 
II    0110s 
li  onus 

1H 

itf 

2ft 
2ft 

0.16 
0.16 
0.16 
0.16 

L08 
L09 
L  10 
L  11 

40 
45 
50 
55 

1.57481 
1.77166 
1.96851 
2.16536 

0.0006 
0.0006 
0.0006 
0.0006 

80 

85 

90 

100 

3.14962 
3 .  34647 
3 .  .54332 
3.93702 

0.0008 
0.0008 
0.0008 
0.0008 

1 
1 
1 

1ft 

4.0 
4.0 
4.0 
5.0 

0.16 

0.16 
0.16 
0.20 

2 
2 
2 
3 

0.08 
0.08 
0.08 
0.12 

0.0008 
0.0010 
0.0010 
0.0010 

0.0012 
0.0016 
0.0016 
0.0016 

2H 

3ft 

3ft 

35s 

0.16 

0.20 
0.20 
0.20 

L  12 
L  13 
L14 
L15 

60 
65 
70 
75 

2.36221 
2 . 55906 
2.75591 
2.95277 

0.0006 
0.0006 
0.0006 
0.0006 

110 
120 
125 
130 

4.33072 
4.72443 
4.92128 
5.11813 

0.0008 
0.0008 

ii  nuns 
0.0008 

m 

ift 

5.0 
5.0 
5.0 
5.0 

0.20 
0.20 
0.20 
0.20 

3 
3 
3 
3 

0.12 
0.12 
0.12 
0.12 

0.0010 
0.0010 
0.0010 
0.0010 

0.0016 
0.0016 
0.0016 
0.0016 

3tf 

4ft 

4' ; 

4H 

0.20 
0.20 
0.24 
0.24 

L16 
L  17 

L  18 
L  19 

80 
85 
90 
95 

3.14962 
3.34647 
3.54332 
3.74107 

0.0006 
0.0007 
0.0007 
0.0007 

140 

150 
160 

170 

5.51183 

5.90554 
6 . 29924 
6.69294 

O.OOOS 
0.0012 
0.0012 
0.0012 

1H 

\X 

2 
2ft 

5.0 
5.0 
5.0 
5.0 

0.20 
0.20 
0.20 
0.20 

3 
3 
3 
3 

0.12 
0.12 
0.12 
0.12 

0.0012 
0.0012 
0.0012 
0.0012 

0.0018 
0.0018 
0,0018 
0.0018 

5ft 
5 

5ft 
6 

0.24 
0.24 
0.28- 
0.28 

L20 
L21 
L22 

100 
105 
110 

3.93702 
4.13387 
4.33072 

0.0007 
0.0007 
0.0007 

180 
190 
200 

7.08664 
7.4S035 
7.87405 

0.0012 
0.0012 
0.0012 

2% 

2ft 
■2.X 

5.0 
5.0 
5.0 

0.20 
0.20 
0.20 

3 
3 
3 

0.12 
0.12 
0.12 

0.0012 
0.0012 
0.0012 

0.0018 
0.0018 
0.0018 

6ft 
6fi 
7X 

0.32 
0.32 
0.35 

"When  a  chamfer  is  used,  it  shall  be  45  deg.  from  the  axis  of  the  bearing  and  ground  true  with  the  inside  and  outside  diameters. 
3The  cage  clearances  are  published  as  general  information  only. 


TABLE   2 — 

VIEDIUM- 

SERIES   METRIC    ROLLER-BEARING   DIMENSIONS 

Bearing 
No. 

Inside  Diameter 

Outside  Diameter 

Width, 

In. 
Plus  or 

Minus 
0.020 

Radius  or  Chamfer*  C 

Eccentricity 

Tolerances  of 

Races.  In. 

Cage 

Clearances, 

In.s 

Mm. 

In. 

Toler- 
ances 
in  Inches 
Plus 
0.0002 
Minus 

Mm. 

In. 

Toler- 
ances 
in  Inches 
Plus 
0.0000 
Minus 

Max. 

Min. 

Mm. 

In. 

Mm. 

In. 

Inner 

Outer 

Diam. 

Width 

M04 
M05 
M06 
M07 

20 
25 
30 
35 

0.7S740 
0.98425 
1.18110 
1.37795 

0.0006 

O   III  II II', 
0.0006 
0.0006 

52 
62 
72 

80 

2.04725 
2.44095 
2.83465 
3.14962 

O.OOOS 

n  nuns 
0.0008 
0.0008 

H 
l 
1ft 

IN 

1.5 
1.5 
4.0 

4.0 

0.06 
0.06 
0.16 
0.16 

1 
1 

2 
2 

0.04 
0.04 
0.08 
0.08 

0.0006 
0.0008 
0.0008 

o  nuns 

0.0012 
0.0012 
0.0012 
0.0012 

Hi 
2K 
2H 
2% 

0.20 
0.20 
0.20 
0.20 

M08 
M09 
M10 
Mil 

40 
45 
50 
55 

1.57481 
1.77166 
1.96S51 
2.16536 

0.0O06 
0.0006 
0.0006 
0.0006 

90 
100 
110 
120 

3.54332 
3.93702 
4.33072 
4.72443 

0.0008 
0.0008 
0.0008 
0.0008 

1ft 
1ft 

IX 

1H 

4.0 
4.0 
4.0 
5.0 

0.16 
0.16 
0.16 
0.20 

2 
2 
2 
3 

0.08 

II    US 

0.08 
0.12 

0.0008 

n  ni Hi. 
ii  mini 
0.0010 

0.0012 
0.0O16 
0.0016 
0.0016 

3H 
3!^ 

3H 

4Ji 

0.20 
0.24 
0.24 
0.24 

M12 
M13 
M14 

Mlo 

60 
65 
70 

75 

2.36221 
2.55906 
2.75591 
2.95277 

0.0006 
0.0006 
0.0007 
0.0007 

130 
140 
150 
160 

5.11813 
5.51183 
5.90554 
6.29924 

0.0008 
0.0008 
0.0012 
0.0012 

2K 
2ft 
2V2 
2tt 

5.0 
5.0 
5.0 
5.0 

0.20 
0.20 
u  20 
0.20 

3 
3 
3 
3 

0.12 
0.12 
0.12 
0.12 

0.0010 
0.0010 
0.0010 
0.0010 

0.0016 
0.0016 
0.0016 
0.0016 

5 
5% 

0.24 
0.24 
0.2S 
0.28 

Mlfi 
M17 

MIS 
M19 

80 
85 
90 
95 

3.14962 
3.34647 
3.54332 
3.74017 

0.0007 
0.0007 

n  lion: 
0.0007 

170 
180 
190 
200 

6.69294 

7   llsi',1',4 
7 . 48035 
7.S7405 

0.0012 
0.0012 
0.0012 
0.0012 

2tt 
2% 
2% 
3ft 

5.0 
5.0 
5.0 
5.0 

0.20 
0.20 
0.20 
0.20 

3 
3 
3 
3 

0.12 
0.12 
0.12 
0.12 

0.0012 
0.0012 
0.0012 
0.0012 

0.0018 
0.0018 

u  mils 
0.0018 

6ft 

6H 

6  Vs 
7>A 

0.28 
0.28 
0.32 
0.32 

M20 
M21 

M22 

100 
105 
110 

3.93702 
4.13387 
4.33072 

0.0007 
0.0007 

ii  ,1:1117 

215 
225 

240 

S. 46460 
8.85830 

0    Hssr, 

0.0012 
0.0012 
0.0012 

3<4 
3ft 

5.0 
5.0 
5.0 

0.20 
0.20 
0.20 

3 
3 
3 

0.12 
0.12 
0.12 

0.0012 
0.0012 
0.0012 

0.0018 
0.0018 
0.0018 

7H 
7H 
8ft 

0.32 
0.32 
0.32 

•Where  a  chamfer  is  used,  it  shall  be  45  deg.  from  the  axis  of  the  bearing  and  ground  true  with  the  inside  and  outside  diameters. 
'The  cage  clearances  are  published  as  general  information  only. 


Tables  1  and  2  show  the  present  S.A.E.  Standards  for  light 
and  medium  series  metric-type  roller  bearings  as  proposed 
to  be  revised.  The  tolerances  for  the  inside  and  the  outside 
diameters  are  as  now  specified  in  the  present  S.A.E.  Stand- 
ard. At  the  meeting  in  1918,  however,  it  was  proposed  that 
further  consideration  be  given  to  these  tolerances  as  they 
depend  upon  the  type  of  bearing  and  its  application. 

Transmission  Lubricating  Oil 

At  the  Joint  Conference  of  the  Interdepartment  Petroleum 
Specifications  Committee,  the  Advisory  Committee  on  Pe- 
troleum Specifications  and  Methods  of  the  American  Pe- 
troleum Institute  and  the  Society's  Lubricants  Division  in 
the  City  of  Washington  on  Nov.  13,  1922,  the  recommenda- 
tion for  transmission  lubricating  oils  published  in  the 
November,  1922,  issue  of  The  Journal,  was  discussed.  The 
principal  objections  were  that  the  flash-point  is  too  high  and 
the  pour-test  value  too  low  for  the  summer  grade.  '  It  was 


also  thought  that  the  specifications  might  be  broadened  to 
include  other  grades  of  oil.  The  proposal  was  referred  back 
to  the  Lubricants  Division  and  was  therefore  discussed  at  a 
subsequent  meeting  of  the  Division.  It  was  decided  that  the 
Standards  Department  should  circularize  the  industries  for 
further  information  and  suggestions  as  to  the  specifications. 

Sheet  Steel 

As  the  American  Society  for  Testing  Materials  and  the 
Detroit  Chapter  of  the  American  Society  of  Steel  Treaters 
have  appointed  Subcommittees  on  sheet-steel  standardization, 
it  has  been  arranged  to  hold  joint  meetings  of  these  com- 
mittees and  the  Iron  and  Steel  Division's  Subdivision  on 
Sheet  Steel.  The  dividing  line  between  steel  strip  and  sheet 
not  being  clearly  defined,  it  has  been  decided  that  the  So- 
ciety's Sheet-Steel  Subdivision  shall  be  known  as  the  Sub- 
division on  Steel  Sheets  and  Strips  and  cover  both  materials- 
in  its  report. 


Vol.  XII 


January,  1923 


No.  1 


RESEARCH  REDUCES  HIGHWAY  COSTS 


THE  second  annual  meeting  of  the  Advisory  Board  on 
Highway  Research  was  held  on  Nov.  23  and  24  at  the 
National  Research  Council  headquarters  in  the  City  of  Wash- 
ington. This  Board  serves  as  a  coordinating  agency  for  the 
highway  activities  of  the  Country  and  is  a  subsidiary  of  the 
National  Research  Council.  At  the  meeting  the  national 
highway-transport  problem  was  discussed  from  various 
angles,  but  particular  attention  was  given  to  its  economic 
aspects. 

Obviously,  highways  can  no  longer  be  classed  as  "good 
roads"  or  "bad  roads."  The  commercialization  of  highway 
transportation  of  both  freight  and  passengers  in  the  past  few 
years  has  led  to  a  general  recognition  of  the  highway,  not  as 
ministering  to  the  pleasure  and  comfort  of  the  user,  but  as  an 
essential  part  of  a  great  economic  whole,  namely  a  system  of 
transportation  parallel  in  importance  to  railways  and  water 
routes. 

It  is  a  surprising  fact  that  while  the  cost  of  highways  is 
scarcely  more  than  five  per  cent  of  the  total  cost  of  highway 
transportation,  and  vastly  less  than  the;  cost  of  vehicles  and 
their  accessories,  yet  the  recognition  of  highway  transport 
as  a  single  great  economic  problem  has  to  be  credited  to  the 
highway  engineer,  while  the  automotive  industry,  if  we  may 
judge  from  its  public  activities,  has  not  yet  even  grasped  the 
full  significance  of  this  problem. 

The  meeting  was  attended  by  about  100  representatives  of 
the  member  societies  and  others,  and  the  program  occupied 
the  full  day  Thursday,  the  23rd.  On  Friday  the  delegates 
visited  the  experimental  station  of  the  Bureau  of  Public 
Roads  at  Arlington  Farm,  across  the  river  from  the  City  of 
Washington,  and  the  laboratories  of  the  Bureau  of  Standards. 
Among  the  most  interesting  exhibits  at  the  former  were  a 
new  type  of  impact  testing-machine  to  determine  the  effect 
of  wheel  action  on  the  road  and  two  circular  test-tracks,  one 
of  bituminous  material  and  the  other  of  concrete,  for  the 
study  of  surface  wear,  corrugation  and  the  like.  At  the 
Bureau  of  Standards,  where  various  automotive  and  highway 
problems  are  being  studied,  was  a  newly  developed  instru- 
ment for  recording  the  performance  of  cars  on  the  road  and 
apparatus  for  the  testing  of  tires  under  various  conditions 
for  power  requirements  and  durability. 

The  technical  session  included  reports  from  the  subcom- 
mittee on  Economic  Theory  of  Highway  Improvement,  Struc- 
tural Design  of  Roads,  Character  and  Use  of  Road  Materials, 
Highway-Traffic  Analysis,  Highway  Finance  and  Mainte- 
nance, and  from  some  of  the  member  societies. 

The  report  of  the  Director,  Dr.  W.  K.  Hatt,  outlined  the 
present  status  of  highway  research  and  described  the  tasks 
that  lie  ahead.  It  dealt  particularly  with  the  progress  made 
by  the  Advisory  Board  on  Highway  Research,  the  needs  of 
the  Board  to  accomplish  its  purpose,  the  activities  of  the 
Director,  and  the  notable  researches  carried  out  in  the  high- 
way field  during  the  year. 

The  report  of  Prof.  T.  R.  Agg,  of  the  Committee  on  the 
Economic  Theory  of  Highway  Improvement,  was  of  partic- 
ular interest.  This  covered  a  research  project  that  has  been 
in  progress  at  Iowa  State  College  for  two  or  three  years  and 
is  now  substantially  completed.  The  tests  were  designed  to 
determine  the  relative  fuel-consumptions  and  tractive-resist- 
ances of  various  types  of  vehicle  on  different  classes  of  road. 
Most  of  the  measurements  were  made  by  a  time  and  distance 
recording  device,  though  at  least  two  types  of  accelerometer 
were  used  for  part  of  the  work. 

The  conclusions  shown  were  as  follows: 

(1)  About  half  the  fuel  consumed  by  a  motor  car  or 

truck  is  required  to  operate  the  mechanism  and 
to  overcome  air  resistance 

(2)  Unevenness  of  surface  is  immediately  reflected  in 

an  increase  in  tractive  resistance 

(3)  A  change  to  a  better  type  of  highway  surface  may 

easily  save  enough  fuel  to  liquidate  the  cost  of 
the  improvement 


(4)  Bituminous-type  roads  show  materially  higher  re- 

sistance in  hot  than  in  cold  weather 

(5)  Rolling  resistance  on  low-grade  roads  is  an  exceed- 

ingly variable  quantity 

The  report  of  Dr.  A.  T.  Goldbeck,  of  the  Bureau  of  Public 
Roads,  described  briefly  the  recent  experimental  work  at  that 
bureau  and  explained  the  results  obtained  by  recent  tests  that 
will  permit  a  decrease  in  the  cost  and  an  increase  in  the 
strength  of  some  types  of  road,  notably  concrete  construc- 
tions. This  paper  gave  the  impression  that,  in  contrast  to 
the  situation  a  year  ago,  design  factors  for  highways  are 
coming  to  be  well  understood. 

The  papers  by  H.  S.  Mattimore,  G.  E.  Hamlin,  J.  G.  McKay 
and  W.  H.  Root  were  all  of  importance  in  their  respective 
lines.  The  evening  session  commenced  with  a  paper  by  Dr. 
Raymond  Dodge  on  the  Services  of  Psychology  to  Problems 
of  Traffic  Control.  Professor  Dodge  treated  the  problem  of 
traffic  control  in  a  new  and  interesting  way,  emphasizing  its 
psychological  and  physiological  elements  to  the  exclusion  of 
the  mechanical  ones.  He  discussed  the  mental  reactions  of 
the  driver  and  the  pedestrian  under  conditions  of  traffic  and 
suggested  a  number  of  possible  changes  in  the  regulations  to 
take  these  factors  into  account.  In  discussing  the  various 
types  of  highway  sign,  he  emphasized  the  necessity  of  sighs 
that  the  driver  can  understand  instantaneously.  He  ex- 
pressed the  opinion  that  explanatory  matter  in  smaller  type 
is  likely  to  distract  attention  momentarily  from  the  maih 
idea  and  thus  become  a  source  of  danger. 

Dr.  H.  C.  Dickinson,  of  the  Society  of  Automotive  Eni- 
gineers,  explained  briefly  the  organization  of  its  Research 
Department  and  described  some  of  the  projects  that  are  being 
handled  by  this  department.  He  outlined  some  of  the  more 
interesting  and  urgent  highway  problems  that  concern  the 
automotive  industry,  notably  that  of  internal  power-losses  in 
vehicles  and  their  effect  on  the  rate  of  fuel-consumption;  the 
effects  of  road  surfaces  on  the  maintenance,  cost  of  the 
vehicle;  elimination  of  the  danger  of  skidding;  efficiency  of 
brake  action  as  affected  by  the>  road  surface;  and  general 
questions  of  traffic  control. 

W.  S.  James,  of  the  Bureau  of  Standards,  described  some 
of  the  recent  work  done  there,  including  a  newly  perfected  in- 
strument for  measuring  and  recording  the  various  factors  of 
vehicle  performance  on  the  road.  The  records  taken  include 
instantaneous  fuel-consumption,  acceleration  and  decelera- 
tion; instantaneous  speed  in  steps,  from  which  time-distance 
records  can  be  deduced,  as  well  as  pressures  in  the  intake- 
manifold,  as  an  index  of  engine  power;  other  pressures  and 
temperatures  at  various  positions,  and  the  speed  and  direction 
of  the  car  with  reference  to  the  air  and  wind.  In  total,  17 
separate  records  are  kept  continuously  and  automatically  in 
a  form  convenient  for  analysis,  all  but  the  fuel-consumption 
record  being  on  a  single  sheet  of  paper. 

In  the  absence  of  Major  M.  L.  Ireland,  a  very  brief  sumr 
mary  of  the  Quartermaster  Corps  Tractive  Resistance  of 
Roads  Research  was  given  by  Dr.  Dickinson.  This  project 
has  been  under  way  for  about  a  year  and  a  half,  and  the 
experimental  program  is  complete.  Studies  have  been  made 
of  the  rolling-resistance  of  five  different  vehicles  with  loads 
of  from  0  to  200-per  cent  normal,  and  at  speeds  of  from  5  to 
25  m.p.h.,  on  a  variety  of  roads.  These  tests  include  observa- 
tions with  a  traction  dynamometer,  a  Wimperis  recording 
accelerometer  and  a  newly  designed  recording  accelerometer 
of  another  type.    Some  550  separate  tests  were  run  in  all. 

In  addition  to  these  runs,  tests  of  rolling-resistance  under 
various  loads  with  a  number  of  different  classes  of  tire,  pneu- 
matic and  solid,  were  made  on  a  drum  dynamometer  in  the 
laboratory  at  Sheffield  Scientific  School  by  Professor  Lock- 
wood.     The  results  of  these  have  already  been  published. 

The  research  program  also  includes  about  90  tests  of  slid- 
ing friction  of  tires  on  various  classes  of  road  surface.  The 
results  are  now  being  compiled  by  a  subcommittee  of  the 
Advisory  Board  on  Highway  Research. 
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SOCIETY  MEETINGS 


ANNUAL  MEETING 
PROGRAM 


TUESDAY,   JAN.    9 

10  :30  a.m. — Standards  Committee  Session 
2:00  p.m. — Standards   Committee  Session    (Continued) 
2  :00  p.m. — Body  Engineering   Session 

•Testing  o£  Paints  and  Varnishes L.  V.  Pulsifer 

Presentation  Includes  Actual  Laboratory  Demonstrations 
•The  Needless  Hardwood  Lumber  Waste.  .  .  .F.  F.  Murray 
8:00  p.m. — Aeronautic  Session 

Symposium  of  Five  Papers  on  the  Design  of  Commercial 
Airplanes,   Followed  by   Prearranged   Discussion 


WEDNESDAY,  JAN.  10. 

10  :00  a.m. — Anntjal  Business  Meeting 
Address  by  President  Bachman 
Reports  of  Officers  and  Committees 
Election  of  Officers 
A  Critical  Study  of  Modern  Steering  Systems, 

Herbert  Chase 
2  :00  p.m. — Detonation  Session 

•Engine    Characteristics    Under    High    Compression, 

J.  H.  Holloway,  H.  A.  Huebotter  and  G.  A.  Young 
The  Daws  Governing  Detonation.  .  .  .Thomas  Midgley,  Jr. 
•Testing   Fuels  for   High-Compression   Engines. 

Stephen  M.  Lee  and  Stanwood  W.  Sparrow 
2:00  p.m. — Body  Engineering  Session 

Reducing  the  Cost  of  Enclosed  Bodies.  .George  J.  Mercer 
Testing  of  Leather  Substitutes J.  B.  Davis 


THURSDAY,  JAN.  11 

10  :00  a.m. — Research  Session 

•Report     and     Results     of     S.A.E.-A.P.I.-N.A.C.C.     Fuel- 
Volatility  Research  at  Bureau  of  Standards 
Papers  by  Dr.   H.  C.   Dickinson,  W.  S.  James  and  R.  E. 
Carlson.     Also  Report  on  Automotive  Highway  Research 
2  :00  p.m. — Fuel  Session 

Further  Data  on   the  Effective  Volatility  of  Motor-Fuels, 

Robert  E.  Wilson  and  Daniel  P.   Barnard,  4th 

•An  Experimental  Survey  of  Gasoline  and  Kerosene  Car- 

buretion C.  S.  Kegerreis  and  G.  A.  Young 

6  :S0  p.m. — Annual  Dinner,  Hotel  Pennsylvania 
C.  F.  Kettering.  Toastmaster 

Presentation  of  Collier  and  Mackay  Aeronautical  Trophies 
Address  by  Elisha  Lee,  Vice-President  Pennsylvania 
Railroad 

The  Motor  Truck  and  Our  Railroads — A  Problem  of  Co- 
ordination 


FRIDAY,  JAN.  12 

10:00  a.m. — Engine  Cooling  Session 
•Air-Cooled   Passenger-Car  Engines, 

S.  D.  Heron,  C.  F.  Taylor  and  E.  H.  Dix,  Jr. 
•Cooling  Capacity   of  Automobile  Radiators. 

E.  H.  Lockwood 


•Papers  marked  with  an  asterisk  are  printed  in  full  in  this 
issue  of  the  Journal. 


NEW  YORK  MEETING  PROGRAM 

Valuable   Papers   on   Fuel   Carburetion,   Steering,   Engine- 
Cooling,  Airplanes  and  Body  Design 

DISCUSSION  of  the  problems  encountered  in  the  use  of 
fuels  of  comparatively  low  volatility  will  feature  the  tech- 
nical sessions  at  the  Annual  Meeting,  Jan.  9  to  12  in  New 
York  City.  The  results  of  the  Fuel-Volatility  Research 
project  fostered  by  the  Research  Department  of  the  Society 
will  be  set  forth  in  official  reports  and  analyses  to  be  pre- 
sented by  Dr.  H.  C.  Dickinson  and  members  of  the  Bureau  of 
Standards  staff.  One  entire  session  will  cover  the  topic  of 
detonation  and  engine  characteristics  under  high  compres- 
sion; another  session  will  include  a  very  comprehensive  paper 
on  carburetion.  The  detailed  program  of  the  meeting  is 
printed  on  this  page  and  it  will  be  noted  that  a  number  of 
the  complete  papers  are  printed  in  this  issue  of  The  Jouknal. 

The  Body  Engineering  Sessions 

Two  sessions  on  body  engineering  matters  are  a  part  of 
this  year's  program.  The  paper  on  Testing  of  Paints  and 
Varnishes  will  be  accompanied  by  laboratory  demonstrations 
of  the  methods  discussed  in  the  paper.  Reduction  of  the 
cost  of  enclosed  bodies  is  a  matter  of  current  interest  among 
body  engineers  and  the  paper  by  George  J.  Mercer  will  de- 
scribe an  unconventional  type  of  construction  that  is  sure 
to  affect  the  closed  body  design  practice  of  the  future.  Arti- 
ficial leather  and  top  material  replace  practically  all  of  the 
metal  panels  in  this  novel  construction.  The  testing  of  these 
materials  has  been  a  problem  of  some  concern  to  body  en- 
gineers; methods  are  unstandardized  and  the  results  can- 
not be  uniform.  This  matter  has  received  the  study  of 
many  body  and  production  men  and  some  experience  will  be 
presented  by  J.  B.  Davis. 

Refinement  of  Steering  Mechanism 

The  paper  by  Herbert  Chase  which  follows  the  Business 
Meeting  makes  a  critical  analysis  of  the  faults  in  steering 
mechanism  that  result  in  wheel  wobble,  hard  steering  and  ex- 
cessive play.  Designs  of  steering-gears  are  studied  and  tab- 
ulated data  are  presented  for  reference  purposes. 

The  result  of  the  ballot  for  1923  officers  of  the  Society 
will  be  announced  in  the  Business  Meeting.  President  Bach- 
man will  address  the  meeting  and  graphic  reports  of  the 
meetings,  sections  and  membership  activities  of  the  Society 
will  be  shown  by  stereopticon. 

The  two  papers  to  be  given  in  the  Friday  meeting  are  pub- 
lished in  this  issue  of  The  Journal.  Air-cooling  enthu- 
siasts will  find  Mr.  Heron's  paper  a  very  able  treatise  on  this 
type  of  engine  and  one  certain  to  result  in  a  valuable  discus- 
sion. Professor  Lockwood's  paper  presents  quantitative  data 
on  radiator  capacity  in  a  form  that  makes  them  readily  ap- 
plicable in  design  work. 

COMMERCIAL   AIRPLANES   TO   BE    CONSIDERED 

It  is  the  purpose  of  the  Aeronautical  Meeting  on  Tuesday 
evening,  Jan.  9,  to  promote  an  informal  discussion  of  the 
characteristics  of  a  freight-carrying  airplane.  It  will  be  a 
discussion  of  practical  design  features  as  related  to  the  eco- 
nomics of  operation.  Four  or  five  short  papers  will  be  read 
to  open  the  discussion,  but  the  latter  is  expected  to  consume 
the  major  part  of  the  meeting  period.  Prof.  E.  P.  Warner, 
V.  E.  Clark  and  W.  L.  Gilmore  have  agreed  to  submit  intro- 
ductory papers  and  others  are  expected. 

All  of  the  technical  sessions  will  be  held  in  the  Engineer- 
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ing  Societies  Building:,  29  West  Thirty-ninth  Street,  New 
York  City.  The  morning  meetings  will  start  at  10  o'clock 
and  those  in  the  afternoon  at  2  o'clock.  It  is  the  practice 
of  the  Society  to  start  all  meetings  promptly  at  the  hour  set. 
Members  who  are  tardy  will  lose  just  that  much  of  the  pro- 
gram. 

RAILROAD  FARES  REDUCED 

Saving  Will  Pay   Member's  Dues  in  Many  Cases 

The  members  of  the  Society  who  will  attend  the  New 
York  City  and  Chicago  meetings  can  purchase  railroad 
transportation  at  a  substantial  reduction  in  cost.  The  sav- 
ing will  be  sufficient  in  many  cases  to  pay  the  member's 
annual  dues  to  the  Society.  This  privilege  is  limited  to  mem- 
bers of  the  Society  and  dependent  members  of  their  families. 
Please  note  the  following  directions  carefully: 

(1)  Buy  tickets  to  New  York  City  between  Jan.  4  and 
10;  buy  tickets  to  Chicago  between  Jan.  25  and  31 

(2)  Ask  the  agent  for  a  Reduced-Fare  Certificate,  not 
a  receipt 

(3)  Present  signed  certificate  for  validation  at  S.  A.  E. 
Transportation  Desk,  29  West  Thirty-ninth  Street  in 
New  York  City,  Hotel  Congress  lobby  in  Chicago, 
immediately  upon  arrival  in  the  city 

(4)  Certificates  will  be  validated  Jan.  10  and  11  in 
New  York  City  and  Jan.  31  and  Feb.  1  in  Chicago. 
Do  not  plan  on  returning  before  these  dates  as  no 
certificates  can  be  validated  before  250  have  been 
received.  Arrive  before  the  dates  given  since  no 
certificates  can  be  validated  at  later  dates 

(5)  Validated  certificates  entitle  you  to  one-half  fare 
returning  over  the  same  route  as  you  came,  if  pur- 
chased before  Jan.  17  in  New  York  City  or  Feb.  7 
in  Chicago 

(6)  Reduced-fare  returning  tickets  are  not  good  on  cer- 
tain limited  trains.     Consult  the  agent  regarding  this 

(7)  It  must  be  understood  that  the  reduction  on  the  re- 
turn journey  is  not  guaranteed,  but  is  contingent  on 
the  attendance  of  not  less  than  250  members  and  de- 
pendent members  of  their  families 

(8)  The  Society  is  held  accountable  under  the  Inter- 
state Commerce  laws  for  any  violation  of  the  agree- 
ment limiting  the  reduced-fare  privilege  to  members 
and  dependent  members  of  their  families.  Regard- 
less of  any  assurance  given  by  local  railroad  of- 
ficials or  others,  absolutely  no  certificates  will  be 
validated  unless  they  are  presented  by  persons  whose 
membership  is  evidenced  by  our  records.  Applicants 
for  membership  are  not  construed  as  members 

The  reduced-fare  plan  applies  from  stations  in  all  States 
except  Oregon,  Washington,  California,  Nevada,  New  Mex- 
ico and  Arizona.  Members  living  in  the  States  named  may 
purchase  tickets  at  regular  rates  to  the  nearest  station  from 
which  reduced-fares  apply  and  then  are  able  to  buy  trans- 
portation from  that  station  to  New  York  City  or  Chicago  at 
the  reduced  rate. 

RAILROAD   EXECUTIVE   TO    SPEAK 

Elisha  Lee  Favors  Coordinating  Rail  and  Truck  Transport 

The  Annual  Dinner  of  the  Society  will  be  held  at  the  Hotel 
Pennsylvania,  Jan.  11  at  6.30  p.  m.  Elisha  Lee,  vice-presi- 
dent of  the  Pennsylvania  Railroad,  will  address  the  members 
on  The  Motor  Truck  and  Our  Railroads,  a  Problem  of  Co- 
ordination. Mr.  Lee  is  in  charge  of  operation  of  the  Eastern 
lines  of  the  Pennsylvania  System.  His  topic  reflects  his  be- 
lief that  the  motor  truck  can  become  a  valuable  ally  of  the 
railroad  in  the  transportation  of  the  nation's  goods. 

C.  F.  Kettering  has  agreed  to  preside  as  toastmaster  at 
the  annual  dinner,  a  responsibility  that  seems  to  fall  upon 
his  shoulders  with  annual  regularity.  None  will  regret  the 
recurrent  choice  of  Mr.  Kettering  as  guide  of  the  dinner,  for 
this  assures  an  ample  supply  of  humor  on  the  occasion  of 


the  society's  most  representative  gathering.  President  Bach- 
man  and  Herbert  W.  Alden,  Presidential  nominee,  will  ad- 
dress the  members  during  the  Dinner. 

Application  blanks  for  Dinner  tickets  reached  all  mem- 
bers in  a  recent  issue  of  the  Meetings  Bulletin  and  also  as  a 
part  of  p.  551  of  the  December  issue  of  The  Journal. 
Reservations  are  being  received  in  gratifying  numbers  and 
undoubtedly  the  attendance  will  equal  that  at  the  1922 
Dinner. 

RADIO  RROADCAST  OF  SPEECHES 

WJZ     Will     Transmit     Annual     Dinner     Program     from 
New  York  City 

The  speeches  at  the  Annual  Dinner  of  the  Society  in  New 
York  City  will  be  broadcasted  by  radio-phone  from  station 
WJZ  of  the  Westinghouse  Electric  &  Mfg.  Co.  at  Newark, 
N.  J.  Microphones  installed  in  the  ball-room  of  the  Hotel 
Pennsylvania  will  carry  the  words  of  the  dinner  speakers  to 
listeners  throughout  a  large  section  of  the  country,  includ- 
ing most  of  the  automotive  manufacturing  district.  Station 
WJZ  broadcasts  on  a  wave-length  of  360  m.  and  has  recently 
been  equipped  to  carry  its  programs  well  beyond  the  Mis- 
sissippi River.  By  this  popularized  achievement  of  scien- 
tific and  engineering  genius  it  will  be  possible  for  members 
of  the  Society  to  enjoy  the  Annual  Dinner  program  in  their 
homes  at  far-distant  points.  Truly  this  is  a  century  of  mar- 
velous engineering  progress! 

The  exact  time-schedule  of  the  radio  program  will  be  pub- 
lished in  an  issue  of  the  Meetings  Bulletin  that  will  reach 
the  members  about  Jan.  3.  Watch  for  this  schedule  and 
arrange  to  have  your  friends  enjoy  the  Annual  Dinner  pro- 
gram with  you. 

NAVY  AIRSHIP  INSPECTED 

Pennsylvania  Members  View  Framework  of  the  ZRl 

The  duralumin  framework  of  the  huge  Navy  rigid  airship 
ZRl  was  inspected  by  a  group  of  Pennsylvania  Section  mem- 
bers at  Lakehurst,  N.  J.,  Dec.  19.  The  spacious  airship 
hangar,  or  dock  as  the  Navy  men  term  it,  and  the  tall  steel 
mooring  mast  were  also  shown  to  the  visitors.  Following  the 
inspection,  Com.  R.  D.  Weyerbacher  gave  a  short  talk  on  the 
engineering  features  of  the  ship  and  explained  why  the  Navy 
decided  to  design  and  construct  the  ZRl  in  the  face  of  the 
adverse  public  opinion  resulting  from  the  ZR2  and  the  Roma 
disasters. 

The  ZRl  follows  German  Zeppelin  practice  in  its  general 
design  although  many  of  the  details  are  altered  in  accord- 
ance with  the  lessons  learned  from  the  ZR2  failure  and  the 
results  of  recent  research  work  of  Navy  engineers.  The  ship 
will  displace  2,290,000  cu.  ft.,  will  be  680  ft.  long  and  78  ft. 
wide,  and  will  attain  a  maximum  speed  of  65  m.p.h.  She  will 
be  driven  by  six  six-cylinder  300-hp.  Packard  engines  de- 
signed especially  for  airship  service.  These  engines  have 
attained  a  fuel  economy  of  0.43  lb.  per  b.hp-hr.,  which  com- 
pares with  0.55  lb.  per  b.hp-hr.  for  the  Liberty  engine.  Two 
engines  drive  their  propellers  direct,  but  the  other  four  drive 
through  a  reduction  gear;  one  pair  of  engines  is  geared  so 
that  the  propeller  rotation  may  be  reversed. 

Extreme  care  is  being  taken  in  the  fabrication  of  every 
detail  piece  of  the  ship  and  in  the  final  assembly,  for  the 
Navy  realizes  that  the  success  or  failure  of  the  ZRl  will 
determine  the  future  of  lighter-than-air  ships  in  the  minds  of 
the  public.  Every  precaution  has  been  taken  to  avoid  struc- 
tural failure  and  a  board  of  the  National  Advisory  Com- 
mittee for  Aeronautics  recently  approved  the  design  as  safe. 

Fire  Risk  Minimized 

Commander  Weyerbacher  stated  that  fire  risk  in  the  ZRl 
has  been  reduced  to  a  minimum.  Some  airship  fires  in  the 
past  have  been  caused  by  leaking  oxygen  being  ignited  by 
discharges  of  static  electricity  at  the  point  of  leakage.  The 
Germans  have  considered  the  rubber  present  in  the  gas  bags 
or  the  external  envelope  responsible  for  the  presence  of  this 
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static  electricity.  They  eliminated  all  rubber  from  the  gas 
bag  covering  by  perfecting  a  special  cement,  the  formula  of 
which  has  remained  a  secret.  Since  the  use  of  this  cement, 
German  airship  fires  have  disappeared.  The  Navy  is  work- 
ing toward  the  perfection  of  a  similar  cementing  material 
and  eventually  hopes  to  eliminate  all  rubber  in  the  gas  bags. 

Helium  Used  for  Trial  Flights 

The  ZR1  is  expected  to  make  her  first  flight  about  July  15. 
Helium  will  be  used  during  the  trials  to  insure  against  any 
danger  of  fire  from  this  source.  The  officers  and  engineers 
at  the  Lakehurst  station  do  not  favor  the  use  of  helium  be- 
cause it  is  roughly' 30  per  cent  heavier  than  hydrogen  and 
lowers  the  useful-load  capacity  of  the  ship  an  equal  percent- 
age. It  is  their  belief  that  all  airship  fires  have  been  the 
secondary-  result  of  some  avoidable  primary  cause  such  as 
structural  weakness  or  a  collision. 

The  Pennsylvania  Section  has  scheduled  a  meeting  on 
Lubrication  for  the  evening  of  Jan.  25  at  the  Philadelphia 
Engineers'  Club. 

SERVICE  CHICAGO  FEATURE 

Society    Meets    on   January    31    to    Discuss    the    Flat-Rate 

System 

Two  papers  will  be  presented  at  the  Chicago  Meeting  of 
the  Society  setting  forth  the  actual  experience  of  automotive 
engineers  who  have  made  successful  applications  of  the  flat- 
rate  system  of  conducting  automotive  service-stations.  Don 
T.  Hastings,  formerly  assistant  chief  engineer  of  the  Hupp 
organization,  will  read  a  very  complete  paper  on  systems  of 
repair  and  maintenance  which  he  has  successfully  developed 
in  his  present  role  of  Hupp  dealer.  Otis  C.  Funderburk,  who 
is  a  Lincoln-Ford  dealer  in  Boston,  will  describe  some  un- 
usual accomplishments  in  applying  engineering  analysis  to 
the  reduction  of  repair  costs. 

Another  important  phase  of  service  work  will  be  treated 
by  J.  F.  Page,  of  the  Packard-Chicago  Service  organization, 
who  will  read  a  paper  on  Service  Cooperation  between  the 
Manufacturer  and  the  Dealer.  Additional  papers  are  ex- 
pected on  matters  of  interest  to  engineers  engaged  in  the 
service  branch  of  the  industry.  These  papers  will  be  read 
at  a  morning  and  an  afternoon  technical  session  to  be  held 
at  the  Congress  Hotel,  starting  at  10  and  2  o'clock  respec- 
tively. 

The  annual  Chicago  Dinner  of  the  Society  will  be  held 
at  the  Congress  Hotel  on  the  evening  of  the  same  day,  Jan. 
31,  starting  at  6.30  o'clock.  Godfrey  H.  Atkin  will  be  master 
of  ceremonies  in  the  official  capacity  of  toastmaster.  The 
single  address  of  the  evening  will  be  given  by  a  man  prominent 
in  the  automotive  industry.  Seats  for  the  dinner  may 
be  ordered  now.  Use  the  coupon  on  p.  52  of  the  advertis- 
ing section  of  this  issue  of  The  Journal. 

As  stated  in  another  column,  reduced-fares  are  available 
to  most  of  the  members  who  will  attend  the  Chicago  Meeting. 
Be  sure  to  avail  yourself  of  the  lower  fares  as  an  oppor- 
tunity to  attend  the  Automobile  Show,  the  Service  Meetings 
and  the  Chicago  Dinner  at  a  minimum  of  expense. 

MECHANICS  POORLY  TRAINED 

Repair  Operations  Must  Be  Simplified  for  This  Reason 

In  an  address  before  the  Cleveland  Section  on  Dec.  15,  Paul 
Donavan  presented  a  service-man's  views  on  troubles  to 
which  automobiles  are  subject  in  the  hands  of  the  average 
owner. 

The  important  theme  stressed  was  the  fact  that  while  the 
engineer  or  production  man  or  service-man  might  all  be 
trained  to  the  last  notch,  it  must  be  remembered  that  a  very 
large  percentage  of  our  automobile  mechanics  in  the  average 
garage  are  poorly  trained  and  comparatively  ignorant  as 
regards  the  work  they  have  to  do.  For  this  reason,  Mr. 
Donavan  believed  that  certain  repairs  had  to  be  made  easy 
for  them,  and  he  cited  specific  cases  where  simple  trouble  on 
an  automobile  could  be  cured  only  by  very  complicated  oper- 


ations. For  example,  on  some  cars  it  is  necessary  to  dis- 
mantle a  large  portion  of  the  engine  before  being  able  to 
grind  the  valves.  Mr.  Donavan  spoke  particularly  of  the 
matter  of  flywheel  mounting  on  cars  and  the  marking  of 
valve  opening  and  closing,  claiming  that  the  latter  were  very 
indistinct  and  indeterminate.  He  also  brought  up  specific 
cases  where  lubrication  facilities  either  were  not  provided  or 
were  at  inaccessible  points. 

The  discussion  brought  out  some  disagreements  with  Mr. 
Donavan  but,  on  the  whole,  his  main  thesis  was  agreed  upon. 
It  was  pointed  out  that  it  would  be  advisable  to  consider  the 
instruction  book  very  carefully,  inasmuch  as  it  should  be 
made  very  plain,  very  clear  and  should  not  be  written  above 
the  heads  of  the  average  mechanics.  It  should  also  be  plenti- 
fully illustrated  with  diagrams  that  actually  show  the  part 
of  the  car  as  it  is  seen  by  the  user. 

Railroads  and  Highways 

The  Railroads  and  the  Highways,  and  Economical  Trans- 
portation thereon,  will  form  the  subject  of  a  paper  to  be  read 
before  the  January  meeting  of  the  Cleveland  Section  by 
Charles  O.  Guernsey.  This  meeting  will  be  held  on  the  eve- 
ning of  Jan.  19  in  the  rooms  of  the  Cleveland  Engineering 
Society,  Hotel  Winton,  and  will  be  preceded  by  an  informal 
dinner  at  6:30  p.m.  ATI"  members  in  the  Cleveland  district 
are  invited  to  attend. 

REMARKABLE  TRUCK  ECONOMY 

H.  L.  Horning  Describes  Tests  Claiming   100  Ton-Miles 
per  Gal. 

Tests  of  a  motor  truck  that  attained  a  fuel  economy  in 
excess  of  100  ton-miles  per  gal.  were  described  in  papers 
given  by  H.  L.  Horning  and  James  B.  Fisher  before  a  meet- 
ing of  the  Mid- West  Section  on  Dec.  20  in  Milwaukee.  The 
2% -ton  truck  tested  was  fitted  with  a  four^cylinder  engine, 
of  4-in.  bore  and  5%-in.  stroke,  especially  designed  to  attain 
maximum  thermal  efficiency  and  economy.  The  total  weights 
of  the  vehicle  and  the  load  ranged  between  8300  and  16,000  lb. 
The  chassis  was  fitted  with  a  van  body  having  a  frontal  area 
of  approximately  40  sq.  ft.  A  standard  transmission,  double- 
reduction  axle  and  solid  tires  were  used  throughout  the  tests. 

Mr.  Fisher  stated  that  the  engine  used  had  a  minimum 
fuel-consumption  of  0.48  lb.  per  b.hp-hr.  and  that  the  axle 
reduction  had  been  selected  to  insure  the  operation  of  the 
engine  through  its  range  of  greatest  economy.  Two  routes 
were  used  for  the  test;  one  traversed  typical  country  roads 
for  a  distance  of  24  miles;  the  other  route  ran  through  city 
streets  for  4  miles  and  included  about  a  dozen  stops.  The 
country  runs  were  made  at  a  speed  of  15  m.p.h.  and  those  in 
the  city  at  12  m.p.h. 

Steam  Cooling  System  Used 

A  system  of  engine  cooling  was  used  where  the  cooling 
water  is  allowed  to  boil  in  the  engine  jacket  and  the  steam 
drawn  off  and  condensed  in  the  radiator.  Jacket-water 
temperatures  of  from  190  to  200  deg.  fahr.  are  maintained 
with  this  system  and  Mr.  Fisher  stated  that  it  resulted  in 
better  thermal  efficiency,  an  increase  of  8.8  ton-miles  per  gal. 
in  economy,  and  allowed  an  increase  in  the  compression-ratio 
because  of  a  more  uniform  cooling  of  the  cylinder.  Special 
aluminum  pistons  were  employed  and  these,  in  combination 
with  a  combustion-chamber  form  that  promoted  turbulence, 
allowed  the  compression-ratio  to  be  raised  to  5.5  to  1  without 
detonation  being  present.  This  higher  compression  resulted 
in  a  further  increase  in  economy  of  17.5  ton-miles  per  gal. 
The  engine  valves  were  arranged  to  turn  slightly  with  each 
upward  movement  of  the  valve  so  that  they  were  cooled  more 
uniformly.  This  added  another  increase  in  economy  of  5.5 
ton-miles  per  gal. 

Economy  Result  of  Many  Refinements 

After  all  of  these  refinements  were  made,  the  truck  with 
a  load  sufficient  to  bring  the  total  weight  to  16,000  lb.,  ran 
89.6  ton-miles  per  gal.  over  the  city  course  and  115.3  ton- 
miles  per   gal.  over  the   country  course,   according  to   Mr. 
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Fisher.  This  remarkable  economy  was  due  to  proper  co- 
ordination of  the  units  in  the  truck,  increased  thermal  and 
mechanical  efficiencies  of  the  engine  because  of  its  higher 
jacket-water  temperature  and  the  employment  of  special 
forms  of  piston  and  combustion-chamber  to  allow  the  use  of 
higher  compression. 

H.  L.  Horning  presented  an  analysis  of  the  causes  of  de- 
tonation and  explained  how  these  theories  had  been  applied 
to  the  design  of  special  combustion-chamber  forms,  piston 
types  and  spark-plug  locations  to  reduce  the  possibility  of 
detonation  in  the  particular  engine  used  in  the  economy  test. 

The  Mid-West  Section  will  hold  a  luncheon  and  brief  meet- 
ing on  Tuesday,  Jan.  16,  at  the  Chicago  Engineers'  Club  at 
12  o'clock.  The  committee  that  will  choose  the  regular  ticket 
of  Section  officers  for  1923  and  1924  will  be  elected  and  reports 
of  the  various  standing  committees  will  be  presented. 

STEEL  MANUFACTURE  SHOWN 

Minneapolis  Section  Also  Hears  Talk  on  Patterns 

The  complete  process  of  steel  manufacture  was  depicted  in 
an  educational  motion  picture  shown  to  the  members  of  the 
Minneapolis  Section  at  their  meeting  of  Dec.  6.  The  pictures 
were  taken  in  the  mills  of  the  Interstate  Iron  &  Steel  Co. 
Prof.  Peter  Christianson  of  the  University  of  Minnesota  ex- 
plained each  of  the  manufacturing  steps  as  the  pictures  were 
displayed  and  this  added  materially  to  the  educational  value 
of  the  meeting. 

Design  considerations  in  pattern  and  foundry  practice  were 
the  subject  of  a  talk  given  by  R.  C.  Hitchcock.  Examples  of 
good  and  bad  designs  of  castings  were  sketched  and  dis- 
cussed, Mr.  Hitchcock  citing  the  cases  causing  trouble  most 
frequently  for  the  pattern  maker  and  foundryman. 

The  next  meeting  of  the  Minneapolis  Section  has  been 
arranged  for  Jan.  3.  H.  L.  Bollum,  president  of  the  Twin 
City  Motorbus  Co.,  will  speak  on  the  Operation  of  City  and 
Country  Bus  Service  in  Minnesota.  A.  J.  Scaife,  consulting 
engineer  of  the  White  Motor  Co.,  is  also  expected  to  con- 
tribute a  paper. 

PISTON-RING  DEVELOPMENT 

Forms   Topic   of   Washington   Section   Meeting 

Multiple-piece  piston-rings  are  losing  favor  rapidly,  accord- 
ing to  Allen  W.  Morton,  who  addressed  the  meeting  of  the 
Washington  Section  on  Dec.  8.  This  is  because  of  their 
greater  liability  to  breakage,  poor  wearing  quality  in  service 
and  difficulty  of  installation.  Individually  cast  rings  are 
superior  to  pot-cast  rings  because  of  their  uniformity,  closer 
grained  metallic  structure,  longer  life  and  greater  resiliency. 
Foundry  practice  of  molding,  melting  and  pouring  is  of 
greater  importance  than  the  chemical  composition  of  the  iron. 
Mr.  Morton  discussed  methods  of  producing  tension  in  rings 
and  favored  the  practice  that  effects  the  result  by  artificial 
means  such  as  peening,  believing  this  assures  better  control 
of  the  final  pressures  on  the  cylinder-wall.  He  described  a 
method  of  determining  cylinder-wall  pressures  of  rings  by 
lapping  a  sample  ring  to  produce  rapid  wear  and  then  meas- 


uring the  amount  of  ring  wear  at  numerous  points  on  the 
periphery.  The  importance  of  ring  fit  in  the  piston  groove 
was  stressed  as  a  means  of  preventing  oil-pumping. 

It  was  brought  out  in  the  discussion  that  the  present  toler- 
ance of  from  0.001  to  0.005  in.  in  the  width  of  rings  might 
be  confined  to  0.0005  in.  as  a  maximum  and  0.0002  in.  as  a 
minimum.  This,  of  course,  would  only  be  practical  provided 
the  piston  manufacturers  could  standardize  the  width  of  the 
ring-grooves  and  confine  their  tolerances  to  a  lesser  limit 
than  they  do  now.  It  was  also  brought  out  by  Mr.  Morton 
in  discussion  that  nearly  90  per  cent  of  the  finished  rings  are 
now  lathe  turned,  and  hardly  more  than  10  or  15  per  cent 
ground,  whereas  just  the  reverse  of  this  was  true  4  or  5 
years  ago.  Mr.  Morton  expressed  a  preference  for  the  turned 
rather  than  the  ground  ring.  He  had  found  oil-pumping  less 
frequent  in  engines  where  well  seasoned  gray-iron  rings  of 
the  plain  type  were  used  and  properly  treated  to  secure  a 
uniform  tension,  best  results  being  secured  with  three  rings 
at  the  top  of  the  piston  and  a  fourth  ring  in  the  skirt. 

.Motor-Truck  Transportation 

The  next  meeting  of  the  Washington  Section  will  be  held 
at  the  Cosmos  Club  on  Jan.  5.  Major  Brainerd  Taylor  will 
read  a  paper  on  the  Emergency  Motor-Transport  Plan  in  the 
United  States  Army.  A  second  paper  will  be  read  by  W.  P. 
Eno  on  the  Engineering  Aspects  of  Traffic. 

BOSTON  MEETING  ON  SERVICE 

Packard    Executives    Address    New    England    Section    of 

Society 

Flat-rate  service  charges  were  discussed  very  fully  at  the 
New  England  Section  meeting  in  Boston  on  Dec.  21.  Knox 
Brown,  service  manager  of  the  Boston  Packard  service- 
station,  gave  the  principal  paper.  A  representative  of  the 
Packard  factory  participated  in  the  program  and  outlined  the 
manner  in  which  the  factory  supported  the  dealers  in  their 
efforts  to  render  satisfactory  maintenance  service  to  the  car- 
owner. 

Recent  Development  of  the  Induction  Magneto  will  be  the 
topic  of  the  next  meeting  of  the  New  England  Section  on 
Jan.  25.  The  paper  of  the  evening  will  be  read  by  E.  A. 
Robertson,  chief  engineer  of  the  Splitdorf  Electrical  Co. 

SCIENTIFIC  WORK  IMPORTANT 

Physicists  to  Be  Strong  Influence  in  Automotive 
Development 
Scientists  and  physicists  will  influence  a  large  part  of  the 
automotive  development  of  the  future.  This  is  the  belief  of 
J.  H.  Hunt,  electrical  engineer  of  the  General  Motors  Re- 
search Corporation,  who  addressed  the  Indiana  Section  on 
Dec.  14.  Mr.  Hunt  defined  pure  science  as  contrasted  with 
engineering.  The  scientist  works  as  an  individual,  his  assist- 
ants being  of  a  type  that  does  not  compare  in  mentality  or 
training  to  the  man  himself.  The  scientist  studies  his  prob- 
lem, the  apparatus  to  be  used  and  frequently  invents  mathe- 
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matics  to  aid  in  the  solution.  He  does  not  count  the  cost  in 
time  or  money;  the  fact  that  it  may  take  his  lifetime  to  solve 
a  problem  does  not  discourage  him.  The  scientist  publishes 
everything  he  does  just  as  soon  as  he  is  certain  of  the  accu- 
racy of  his  results;  he  is  known  by  what  he  publishes  and  is 
very  certain  of  his  statements  and  conclusions. 

The  work  of  the  engineer,  in  contrast,  is  done  as  part  of 
an  organization.  He  seldom  gets  credit  for  his  work,  espe- 
cially during  his  early  years.  The  engineer  must  count  the 
cost  in  time  and  money;  he  is  required  to  secure  a  result  in 
a  specified  time.  When  an  engineer  has  perfected  a  mechan- 
ism he  is  seldom  at  liberty  to  publish  its  details,  for  such 
publication  is  controlled  by  the  patent  and  sales  executives. 

Mt.  Hunt  predicted  that  scientists  would  develop  new  and 
better  engineering  materials  in  the  future.  He  believed  that 
the  engineers  will  adopt  the  scientist's  method  of  work  in  the 
next  decade.  The  importance  of  testing  details  rather  than 
assembled  units  will  be  appreciated.  When  one  wishes  to 
study  a  carbureter,  it  will  be  tested  individually  as  a  car- 
bureter, not  as  a  part  of  the  entire  engine  system.  There 
will  be  constantly  increased  cooperation  between  the  engineer 
and  the  scientist,  fewer  accidental  discoveries  will  occur  and 
automotive  engineering  will  be  more  generally  based  on 
scientific  investigation  and  analysis. 

The  Indiana  Section  will  not  hold  a  meeting  in  January 
because  of  the  possible  conflict  with  the  national  meetings  of 
the  Society  and  the  shows. 

FUEL  TESTS  DESCRIBED 

The  Detroit  Section  was  addressed  by  H.  M.  Rugg  of  the 
Dodge  Bros,  engineering  staff  at  its  meeting  on  Dec.  21.  Mr. 
Rugg  described  the  methods  being  employed  by  the  Bureau 
of  Standards  in  making  the  series  of  fuel-volatility  tests  for 
the  cooperative  fuel-research  program  fostered  by  the  Society. 
Mr.  Rugg  was  assigned  by  Dodge  Bros,  to  assist  in  the  work 
at  the  City  of  Washington  and  acted  as  observer  on  a  ma- 
jority of  the  tests. 

The  Detroit  Section  has  announced  that  no  engineering 
meeting  will  be  held  in  January.  There  is  a  possibility  that 
a  meeting  will  be  arranged  on  a  subject  of  joint  interest  to 
production  and  designing  engineers. 

BETTER  ENGINEERING  NEEDED 

Professor  Upton  of  Cornell  University  Urges  Lighter 
Weight  Design 

The  Buffalo  Section  members  enjoyed  a  very  interesting 
paper  by  Prof.  G.  B.  Upton  on  the  occasion  of  the  Section 
meeting  of  Dec.  15.  Professor  Upton's  paper  suggested 
means  of  applying  the  results  of  testing  materials  to  the  de- 
sign of  lighter  automobile  chassis.  He  believed  that  the  body 
structure  should  be  made  an  integral  part  of  the  chassis 
assembly  in  order  that  the  roof  or  top  would  add  to  the 
rigidity  of  the  entire  unit.  The  high-speed  engine  will  not 
be  the  ultimate  type,  in  Professor  Upton's  opinion.  He 
favors  the  use  of  carbon-steel  in  automobile  frames  since  the 
primary  requisite  is  rigidity  and  frames  of  deep  section  are 
amply  strong  without  employing  expensive  alloy-steels. 

The  discussion  of  the  paper  brought  out  several  opinions 
that  are  worthy  of  note.  David  Fergusson  concurred  with 
Professor  Upton's  belief  that  carbon-steel  can  be  substituted 


for  alloy-steels  in  many  places  without  sacrificing  strength 
to  a  serious  degree.  He  cited  the  case  of  crankshafts  where 
diameters  have  been  steadily  increased  to  resist  torsional 
vibration  with  a  consequent  increase  in  their  strength  that 
will  allow  the  substitution  of  carbon-steel  for  the  expensive 
alloy-steels  previously  required.  Otto  M.  Burkhardt  was  not 
certain  that  all  tops  could  be  made  permanent,  for  there  is 
still  a  demand  for  open  bodies  with  folding  tops  in  the 
warmer  regions  of  the  world. 

The  Buffalo  Section  officers  are  arranging  an  informal 
dinner  for  all  members  in  the  Buffalo  district  to  be  held  dur- 
ing January.  The  date  is  set  for  Jan.  18  and  other  details 
will  be  mailed  to  the  members  later. 

AIR-COOLED  ENGINES 

Franklin  Engineer  Presents  Design  and  Performance  Data 

The  important  engineering  features  of  the  Franklin  air- 
cooled  engine  were  the  subject  of  a  talk  given  by  C.  P.  Grimes, 
research  engineer  of  the  H.  H.  Franklin  Mfg.  Co.,  before  the 
Metropolitan  Section  on  Dec.  14.  Mr.  Grimes  explained  in 
detail  the  construction  of  each  of  the  important  engine  and 
chassis  units,  emphasizing  in  each  instance  the  points  peculiar 
to  the  air-cooled  design. 

The  cylinders  of  the  engine  have  a  total  fin  radiation  sur- 
face of  650  sq.  in.,  there  being  a  total  of  52  sheet  steel  fins, 
each  5  in.  long,  cast  into  the  cylinder  barrel.  The  length,  the 
spacing  and  the  number  of  the  fins  were  arrived  at  after 
much  experimenting.  Mr.  Grimes  warned  that  there  could 
be  more  and  longer  fins  inserted  but  there  would  not  be  suffi- 
cient air  passing  by  them  to  increase  the  cooling  effect.  Pas- 
sages must  be  made  large  enough  to  avoid  clogging  with 
insects,  dirt  or  other  obstructions  often  encountered  in  cross- 
country driving. 

The  compression  in  the  Franklin  engine  is  about  72  lb.  per 
sq.  in.  at  the  period  of  maximum  torque;  the  brake  mean 
effective  pressure  reaches  a  maximum  of  77  lb.  per  sq.  in. 
The  air  passing  over  the  cylinders  rises  in  temperature  about 
100  deg.  fahr.,  keeping  the  cylinder-heads  below  a  maximum 
temperature  of  400  deg.  fahr. 

H.  M.  Crane  remarked  in  the  discussion  that  the  valves  in 
air-cooled  engines  are  less  accessible  than  in  the  water-cooled 
types;  it  is  almost  essential  that  the  heads  be  integral  with 
the  cylinder  barrel,  necessitating  the  removal  of  the  entire 
cylinder  to  clean  carbon  deposits  and  grind  the  valves. 

No  meeting  of  the  Metropolitan  Section  will  be  held  during 
January  because  of  the  national  meeting  of  the  Society  in 
New  York  City,  Jan.  9  to  12.  The  series  of  meetings  will 
resume  in  February. 

CARBURETION  DAYTON  SUBJECT 

The  meeting  of  the  Dayton  Section  on  Dec.  19  was  ad- 
dressed by  P.  S.  Tice  of  the  Stewart-Warner  Corporation. 
His  topic  was  Utilization  of  Low-Grade  Fuels  in  Automotive 
Engineering.  Mr.  Tice  read  a  well-prepared  paper  that 
aroused  a  lively  discussion,  in  which  members  of  the  McCook 
Field  and  General  Motors  Research  organizations  partici- 
pated. Thos.  Midgley,  Jr.,  presented  theories  in  explanation 
of  the  detonation  phenomena,  basing  them  on  the  results  of 
his  latest  research  work. 

The  Dayton  Section  has  no  meeting  scheduled  for  the  month 
of  January. 
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The  applications  for  membership  received  between  Nov. 
15  and  Dec.  15.  1922.  are  given  below.  The  members  of 
the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Allison,    Fred,    electrical    engineer    and    superintendent    of    power. 
Ford  Motor  Co.,  Detroit. 

Anderson,    Carl   C.    assistant    comptroller,    Republic    Motor    Truck 
Co.,  Alma.  Mich. 

Bartuska,  John  F.,  engineer,  Maremont  Mfg.  Co.,  Chicago. 

Bellows,    Lyman   H.    Detroit   sales    office,   Walden-Worcester,    Inc., 
Worcester,  Mass. 

Butz.  Joseph  E..  research  engineer,  General  Motors  Research  Cor- 
poration, Dayton,  Ohio. 

Cammann.  Oswald,  Jr.,  engineer,  Davis  Sewing  Machine  Co.,  Day- 
ton, Ohio. 

Christie,    M.    G..    wing  commander,    Royal   Air  Force,    British   Em- 
bassy, City  of  Washington. 

Collins.    W.    D.,   assistant   engineer,    H.   C.    Stutz   Motor   Car   Co., 
Indianapolis. 

Cornforth.    R.    Gardner,    chief   engineer,    Nice    Ball    Bearing    Co., 
Philadelphia. 

Cram,    Ramon    S.,    vice-president   and    general    manager,    Ramon    S. 
Cram  Industries  Co.,   Columbus.  Ohio. 

De  La  Vergne  Machine  Co.,  New  York  City. 

Downes,  George  Q.,  Jr.,  student,   Ohio  State  University,   Columbus, 
Ohio. 

Elleman.  Thomas  H.,  research  engineer,  General  Motors  Research 
Corporation,  Dayton,  Ohio. 

Ernst.   Otto,   dentist  and  inventor.  Larchmont,  N.  Y. 

Faip.child.    John    Guthrie,    assistant    professor,    Rensselaer    Poly- 
technic Institute,   Troy.  X.    Y. 

Fat,     Charles     R..     production     supervisor,     Weidely     Motors    Co., 
Indianapolis. 

Fisher.    R.    B..    student   engineer.    H.    H.   Franklin   Mfg.    Co.,    Syra- 
cuse, N.  Y. 

Forbes,  Mtron  Edson,  vice-president  and  general  manager,  Pierce- 
Arrow  Motor  Car  Co.,   Buffalo. 

Fordham.    Thomas    B.,    superintendent,    Delco    Light    Co..    Dayton, 
Ohio. 

Freyman.  Alexander,  draftsman,  Western  Electric  Co.,   New   York 
City. 

Geise,    John    Harlin,    engineer,    Aeromarine    Plane    &    Motor    Co., 
Keyport,  N.  J. 

Greene,   Louis,   student.   Polytechnic   Institute   of  Brooklyn,  Brook- 
lyn, N.  Y. 

Gugler,   Julius   H..   vice-president,   Globe   Electric   Co.,   Milwaukee. 

Gutman,    Harry,    design    engineer,    Advance-Rumely    Co.,    LaPorte, 
Ind. 

Hardiman.    Frank    M.,    assistant    to    president,    Harrison    Radiator 
Corporation,  Lockport,  N.  Y. 

Hautzenroeder.   Richard  Wagner,   Aultman-Taylor  Machinery  Co., 
Mansfield,  Ohio. 

Hinchman,   Herman   H..    assistant   chief   and   road    inspector,   Lex- 
ington Motor  Co.,  Connersville ,  Ind. 

Ingals,  E.  Fletcher.  2nd,  student,  Massachusetts  Institute  of  Tech- 
nology, Cambridge,  Mass. 


Jones,  August  F..  student,  Cornell  University,  Ithaca,  N.  Y. 

Kedzie.  Laurence  Fyfe.  manager  of  sales,  eastern  division,  auto- 
motive department,  Dahlstrom  Metallic  Door  Co.,  Jamestown, 
N.   Y. 

Lacey,  Arthur  H,  senior  member,  Arthur  H.  Lacey  Co.,  Los 
Angeles,  Cal. 

Landes,  James  U.,  engineer,  Standard  Oil  Co.,  Portland,  Ore. 

Latimore,  D.  S.,  student,  Alabama  Polytechnic  Institute,  Auburn, 
Ala. 

Lewellen,  A.  R.,  electrical  engineer,  Chevrolet  Motor  Co.,  Detroit. 

McAllister,  Ralph  Hammond,  detail  draftsman,   Vrbana,  III. 

Manbeck,  Park  D.,  brush  sales  engineer,  National  Carbon  Co.,  Inc., 
Cleveland. 

Mason.  Oscar  E..  foreman  of  block  testing,  International  Motor 
Co.,  Plainfield,  N.  J. 

Montanya,  H.  L.,  inspector  and  salvage  supervisor.  Moon  Motor 
Car  Co.,  St.  Louis. 

Moore,  Ira  A.,  in  charge  of  repair  department,  Reliance  Mfg.  Co., 
Cedar  Rapids,  Iowa. 

Morgenstern,  George  H,  general  sales  manager,  automobile  divi- 
sion,  Bullard  Machine  Tool  Co.,  Bridgeport,  Conn. 

Morrison,  J.  B..  assistant  chief  engineer,  Durant  Motors  of  Canada, 
Leaside.  Out.,  Canada. 

Morton,  Ansel  N..  department  head,  International  Motor  Co., 
Plainfield,  N.  J. 

Murakami,  Toshi-Aki,  works  manager,  Ishikawajima  Shipbuilding 
&  Engineering  Co.,  Ltd..  Tokyo.  Japan. 

Naezger,  Edwin,  designing  engineer,  Koppel  Industrial  Car  &  Equip- 
ment Co.,  Koppel,  Pa. 

Parcell,  Earl  W.,  designing  engineer,  Fairbanks,  Morse  &  Co., 
Beloit,   Wis. 

Parker.  George  Arnold,  designing  engineer  and  draftsman,  Witte- 
man  Aircraft   Corporation,  Hasbrouck  Heights,  N.  J. 

Peck.  Frank,  superintendent,  Iowa  State  Auto  and  Tractor  School, 
Sioux  City,  Iowa. 

Pelton,  Aylmer  E.,  draftsman,  Union  Construction  Co.,  Oakland 
Cal. 

Pleuthner,  Charles,  passenger-car  engineer,  Pierce-Arrow  Motor 
Car  Co.,  Buffalo. 

Pollitt,  Capt.  Allen  V.,  shop  superintendent,  Quartermaster 
Corps,   Camp  Normoyle,  Tex. 

Renold,  Hans,  Inc.,  New  York  City. 

Sample,  Sam  Steele,  student,  University  of  Illinois,   Vrbana.  III. 

Sawyer,  George  W..  motor-vehicle  supervisor,  Detroit  division  Sin- 
clair Refining  Co.,   Chicago. 

Schnepel,  Herbert,  layout  draftsman,  Nordyke  &  Marmon  Co.. 
Indianapolis. 

Shoemaker,  Fred  R.,   student.  University  of  Illinois,    Vrbana.  III. 

Sokal,  Edward,  vice-president  and  technical  manager  Katalite 
Corporation,  New   York  City. 

Sparks.  Clifford  M„  sales  engineer,  Sparks-Withington  Co..  Jack- 
son, Mich. 

Swenson,  Hjalmar  S.,  aviation-engine  mechanic.  Air  Mail  Service, 
Rock  Springs.  Wyo. 

Tanaka,  Tsunesaburo.  superintendent  of  body  department,  Yanese 
Automobile  Co.,  Ltd..  Tokyo,  Japan. 

Todd,  Charles  Russell,  assistant  service  manager,  Olds  Motor 
Works,   Lansing,  Mich. 

Trevelyan,  Harry  A.,  assistant  supervisor  of  inspection,  Studebaker 
Corporation  of  America.  Detroit. 
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Chronicle  and  Comment 


Engineer  and  Salesman 

THE  engineer  and  the  salesman  ought  to  talk  things 
over;  they  ought  to  have  conferences  and  ride  in 
machines  together.  There  should  be  constant  con- 
tact so  that  the  engineer  may  know  what  problems  de- 
velop as  between  the  salesman  and  the  customer. — George 
M.  Graham. 

The  Meetings  of  1923 

THE  attention  of  the  members  is  directed  to  several 
important  announcements  in  this  issue  of  the 
Journal  relating  to  future  meetings  of  the  So- 
ciety. A  national  meeting  devoted  to  Automotive  Trans- 
portation will  be  held  at  Cleveland  in  April.  The  location 
of  the  Summer  Meeting  will  undoubtedly  be  in  the  East, 
probably  at  a  seashore  resort.  The  Production  Meeting 
will  be  held  at  Cleveland  during  the  month  of  October 
and  will  follow  the  plan  that  was  so  successful  in  De- 
troit last  year.  The  technical  sessions  that  have  been  a 
feature  during  the  New  York  Show  week  are  to  be 
transferred  to  Detroit,  in  connection  with  the  1924 
Annual  Meeting.  The  reasons  for  these  departures  from 
precedent  are  given  fully  on  p.  243;  it  is  important  that 
you  be  familiar  with  them. 

Brake-Drum  Standardization 

TO  determine  the  feasibility  as  well  as  the  desir- 
ability of-  standardizing  brake-drums,  comments 
in  reference  to  this  question  were  recently 
solicited  from  passenger-car  and  motor-truck  builders. 
Of  the  replies  received,  33  companies  were  in  favor  of 
standardizing  brake-drums  as  against  22  who  were  not 
in  favor  of  such  action.  The  objections  to  undertaking 
such  standardization  were  based  principally  on  the  fol- 
lowing reasons : 

(1)  The  tendency  toward  the  use  of  the  20-in.  rim. 

(2)  The  tendency  toward  the  use  of  four-wheel  brakes. 

(3)  The    tendency    toward    the    use    of    transmission 
brakes. 

(4)  The  tendency  toward  the  use  of  air  and  hydraulic 
brakes. 

(5)  The  fact  that  brakes  are  not  satisfactory   as   at 
present  designed. 

The  comments  have  been  sent  to  the  members  of  the 


Axle  and  Wheels  Division  in  abstracted  form  and  will 
doubtless  be  of  considerable  aid  in  determining  whether 
the  standardization  of  brake-drums  should  be  undertaken. 

The  Public  Demands  It 

THERE  is  one  group  of  people  in  this  Country  that 
favors  the  flat-rate  service-system;  they  are  the 
car-owners.  Several  men  prominent  in  our  in- 
dustry have  said  that  the  car-owners  are  the  real  bosses 
of  the  automotive  industry.  If  this  be  true,  and  logically 
it  must  be,  then  it  is  high  time  that  flat-rate  practice 
became  universal.  It  is  the  Society's  privilege  to  print 
in  this  issue  of  The  Journal  one  of  the  most  convincing 
and  informative  papers  that  has  been  written  on  modern 
service-systems.  We  refer  to  the  paper  by  Don  T.  Hast- 
ings on  p.  193.  It  is  rather  significant  that  the  system 
outlined  should  have  been  devised  and  made  practical  by 
an  engineer  whose  entire  experience  had  been  in  the  de- 
signing end  of  the  business  previous  to  his  entering  the 
service  field.  The  forms,  accounting  methods  and  policies 
presented  are  the  result  of  painstaking  analysis,  engi- 
neering analysis,  and  deserve  the  most  careful  reading, 
not  alone  by  service-men,  but  by  everyone  having  a  sin- 
cere interest  in  the  future  of  our  industry  and  an  appre- 
ciation of  what  the  good-will  of  the  car-owner  means  to 
designer,  constructor  and  distributor  alike.  If  the  service 
or  sales  managers  of  your  company  do  not  receive  The 
Journal,  loan  them  this  copy  so  that  they  may  read  Mr. 
Hasting's  paper. 

Differential  Standardization 

ON  p.  229  of  this  issue  will  be  found  Chairman 
S.  0.  White's  progress  report  on  the  work  of  the 
Differential  Subdivision.  That  the  work  of  this 
Subdivision  is  of  real  importance  to  every  executive  and 
engineer  is  well  brought  out  in  the  following  paragraphs 
quoted  from  a  letter  recently  received  from  an  executive 
well  known  to  the  industry. 

I  can  see  no  reason  why  a  very  satisfactory  set  of 
standards  cannot  be  worked  out,  covering  side  gears, 
pinions  and  differential  spiders,  for  both  passenger-car 
and  motor-truck  axles.  Such  standardization  is  more 
important  than  the  standardization  of  front-axle  hubs 
because  it  would  be  more  readily  accepted  by  differen- 
tial, axle  and  car  manufacturers  than  would  the  stand- 
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ardization  of  hubs.  Furthermore,  it  would  result  in  a 
greater  saving  to  the  industry  in  general  as  there  is 
absolutely  no  excuse  for  the  large  variation  and  the 
number  of  types  of  differential  that  are  now  being 
manufactured  by  the  differential  and  axle  manufac- 
turers. 

The  recommendation  of  the  Differential  Subdivision 
was  printed  in  full  in  the  January  issue  of  The  Journal 
on  p.  124.  It  is  the  desire  of  the  Subdivision  that  users 
and  manufacturers  superimpose  the  proposed  standard 
on  their  own  axle  designs  on  their  drawing-board  and 
from  that  base  criticisms  and  suggestions  which  would 
be  of  assistance  to  the  Subdivision  in  bringing  the  pre- 
liminary report  into  accord  with  the  best  present-day 
differential  design. 

The  Industry 

^T^HE  automotive  industry  within  the  space  of  its 
short  manufacturing   career  has   advanced   until 

.A.  it  is  today  third  among  the  industries  of  the 
United  States  in  value  of  annual  output,  affording  annual 
employment  to  some  2,430,000  persons  who  earn  their 
wage  either  in  the  output  of  the  car  itself  or  in  produc- 
ing the  materials  that  go  into  the  vehicle.  About  600,000 
are  in  the  industry  itself. 

Today  there  are,  in  round  numbers,  10,500,000  motor 
vehicles  in  the  United  States,  or  one  to  every  10  persons 
in  the  Country.  The  total  world  registration  is  but  12,- 
500,000,  so  that  it  appears  at  once  that  83  per  cent  of 
the  cars  now  in  use  are  in  this  Country.  Of  this  total 
approximately  87  per  cent  are  of  American  manufacture. 
No  man  can  forecast  fully  the  directions  that  the  use  of 
the  motor  vehicle  will  take.  Each  day  finds  some  new 
place  for  it. 

This  development  has  brought  in  its  wake  new  ques- 
tions, or  rather  old  questions  demanding  new  answers. 
The  advance  in  10  years  from  600,000  to  10,500,000  cars 
brings  new  requirements  in  methods,  whether  they  be 
legislative,  industrial  or  financial  in  nature.  Only  trained 
men  can  give  us  the  key  to  their  solution. 

The  motor  vehicle  has  become  a  major  unit  in  trans- 
portation, requiring  minds  of  varied  training  in  such 
fields  as  civil,  chemical,  mechanical,  metallurgical  and 
electrical  engineering,  economics,  business  administra- 
tion and  finance,  research  in  physical  and  commercial 
lines  and  many  other  branches,  including  public  service. 

The  industry  will  proceed  rapidly  or  slowly  according 
to  the  recognition  that  educators  give  to  the  magnitude 
of  the  educational  need  involved. — C.  C.  Hanch. 

Highway  Traffic 

IN  his  last  message  to  Congress,  President  Harding 
said  that  it  may  be  expected  that  20  years  hence  the 
population  of  this  Country  will  be  150.000,000,  or 
three  times  our  recorded  population  in  1880.  While,  dur- 
ing the  three  decades  ended  in  1920,  our  population  in- 
creased less  than  30  per  cent,  the  freight  movement  by 
railroad  increased  over  250  per  cent.  Our  railroad 
mileage,  which  constitutes  40  per  cent  of  that  of  the 
world,  is  inadequate  for  our  present  requirements. 

The  problem  is  enormous.  In  the  words  of  our  chief 
executive,  we  face  transportation  costs  that  much  of  the 


traffic  cannot  bear,  and  we  must  plan  to  coordinate  all 
transportation  facilities,  turning  the  motor  truck  into  a 
railroad  feeder  and  distributor.  The  motor  car  must  be 
applied  to  its  most  practical  use.  The  demand  for  lowered 
costs  on  farm  products  and  basic  materials  cannot  be 
ignored. 

With  regard  to  highways  and  proportionate  shares  of 
expense  in  defraying  the  cost  of  their  construction  and 
maintenance,  perhaps  motor  vehicles  and  related  elements 
should  pay  more  of  the  bill  than  they  do  at  present,  but 
they  should  not  pay  all  of  it.  One  idea  is  that  they  should 
bear  the  maintenance  cost.  What  can  and  should  be  done 
varies  with  the  locality. 

When  completed,  highways  belong  to  the  public  and  not 
alone  to  those  who  use  them.  The  case  is  different  from 
that  of  the  railroad,  the  roadbed  and  rights-of-way  of 
which  are  corporately  owned.  The  present  conditions 
cannot  be  improved  by  undue  taxation  or  regulation  of 
motor  vehicles.  The  capital  cost  of  highways  must  be 
balanced  with  the  saving  in  transportation  cost  to  be  had 
by  operation  of  motor  vehicles  on  them.  Much  more  in- 
formation is  needed  on  costs  of  operation,  including 
terminal  expense.  Adequate  studies  should  be  made  of 
the  effect  of  improved  grades  on  highway  vehicle  effi- 
ciency. The  whole  aim  of  current  highway  research,  in 
which  the  Society  is  cooperating,  is  economic  regional 
conformity  in  the  interest  of  the  public.  The  public  al- 
ways eventually  bears  the  expense  of  waste.  Obviously, 
we  cannot  afford  not  to  have  a  highway  system  that  is 
commensurate  in  extent  and  quality  with  economic  facts. 
The  art  and  science  of  road-building  have  developed  so 
that  it  is  possible  to  determine  the  merit  of  subgrades, 
and  unsatisfactory  subgrade  conditions  can  be  cured,  and 
should  be  cured  in  cases  where  it  would  not  be  less  ex- 
pensive to  strengthen  the  road.  There  is  definite  in- 
formation as  to  just  what  loads  roads  of  different  types 
will  withstand.  There  is  lack  of  knowledge  as  to  what 
the  maximum  wheel-loads  should  be  from  the  standpoint 
of  economy.  The  problem  is  to  fit  the  vehicle  to  the  road, 
making  the  cost  of  operation  a  reasonable  minimum. 
Transportation  will  be  measured  by  its  cost.  The  time 
is  not  far  distant  when  there  will  be  20,000,000  motor 
vehicles  on  our  roads.  In  the  solution  of  the  problems 
involved  it  is  necessary  that  there  be  whole-hearted  co- 
operation between  the  vehicle  engineer  and  builder,  the 
road  builder,  the  State  and  Federal  Government  author- 
ities and  the  public.  It  should  be  possible  to  state  with 
considerable  clearness  what  types  of  vehicle  can  be  used 
most  efficiently  and  economically  in  various  kinds  of  haul- 
ing. The  work  to  be  done  falls  into  two  classes:  (a) 
definite  laboratory  researches  and  (b)  the  securing  of 
statistical  data  on  engineering  facts. 

The  Society  of  Automotive  Engineers  has  pledged  it- 
self to  participate  aggressively  and  thoroughly  in  further- 
ing the  movement  to  this  end,  which  has  been  definitely 
planned  and  launched  after  a  conference  of  representa- 
tives, in  addition  to  those  of  the  Society,  of  the  United 
States  Bureau  of  Public  Roads,  the  National  Automobile 
Chamber  of  Commerce  and  the  National  Research  Coun- 
cil. Let  us  not  witness,  in  our  day  at  least,  the  paralysis 
of  transportation  feared  by  President  Harding. 
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Economic  Motor-Fuel  Volatility 


By  R.  E.  Carlson1 


Annual  Meeting  Paper 


Illustrated  with  Photographs  and  Charts 


THE  paper  is  a  report  covering  an  investigation 
made  by  the  Bureau  of  Standards  to  secure  data 
that  can  be  used  as  a  basis  for  estimating  the  effect  of 
a  change  in  gasoline  volatility  on  the  fuel-consumption 
of  cars  now  in  service  throughout  the  United  States. 
Actual  tests  began  in  August,  1922,  to  determine  the 
effect  of  four  fuels  of  different  characteristics  on  the 
number  of  car-miles  obtainable  per  gallon  of  fuel,  as 
well  as  on  crankcase-oil  dilution. 

Descriptions  are  given  of  the  fuels  used,  the  test- 
cars,  the  apparatus,  the  tests  and  the  test  methods, 
inclusive  of  the  crankcase-oil  dilution  investigation, 
voluminous  tabular  data  accompanying  the  text.  Table 
12  gives  a  summary  of  the  results  and  these  are  dis- 
cussed briefly.  The  program  for  a  proposed  similar 
investigation  under  low-temperature  conditions  is  out- 
lined. 

THE  continued  growth  of  the  automotive  industry, 
with  the  consequent  demand  for  fuel  by  the  using 
public,  has  made  the  question  of  meeting  this  de- 
mand one  of  the  most  important  economic  considerations 
with  which  the  Country  is  concerned.  The  question  con- 
fronting the  oil  industry  is  how  to  meet  the  ever-increas- 
ing demand  for  fuel.  Refinery  methods  have  been  the 
subject  of  much  study,  and  continued  improvement  has 
increased  the  yield  of  gasoline  from  a  given  quantity  of 
crude  oil  but,  notwithstanding  this  progress  on  the  part 
of  the  oil  industry,  there  is  still  apparent  the  possibility 
of  a  wide  gap  between  the  quantity  of  gasoline  required 
and  the  gasoline  production  from  the  available  supply  of 
crude  oil. 

A  general  discussion  has  been  in  progress,  between 
the  automotive  and  the  oil  industries,  covering  the  de- 
mand on  the  part  of  the  automotive  industry  for  a  fuel 
of  certain  characteristics  and  the  ability  of  the  oil  indus- 
try to  meet  this  demand. 

The  purpose  for  which  this  investigation  was  under- 
taken, by  the  Bureau  of  Standards  in  conjunction  with 
the  Society  of  Automotive  Engineers,  the  American 
Petroleum  Institute  and  the  National  Automobile  Cham- 
ber of  Commerce,  was  to  secure  data  that  could  be  used 
as  a  basis  for  estimating  the  effect  of  a  change  in  gaso- 
line volatility  on  the  fuel-consumption  of  the  cars  now  in 
service  throughout  the  Country.  If  car-owners  could, 
with  equal  satisfaction,  use  a  less  volatile  fuel  than  the 
present  grade  and  obtain  approximately  the  same  num- 
ber of  miles  per  gallon,  the  fuel-consumption  would  re- 
main the  same,  while  the  gasoline  production  could  be 
increased  by  at  least  30  per  cent,  in  case  the  heaviest  of 
the  four  fuels  tested  in  this  investigation  were  used. 
This  would  represent  a  real  economy  to  the  average  car- 
owner  for  the  reason  that  this  increased  production  would 
serve  either  to  delay  the  tendency  toward  an  increase  in 
the  price  of  gasoline,  or  at  least  to  decrease  its  rate  of 
rise.  This  is  merely  the  operation  of  the  law  of  supply 
and  demand. 

The  cooperative  feature  of  the  investigation  consisted 
of  the  furnishing  of  men  and  the  loan  of  special  equip- 

1  Mechanical  engineer,  Bureau  of  Standards,  City  of  Washington. 
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ment  by  the  oil  and  the  automotive  industries  through 
the  American  Petroleum  Institute,  the  Society  of  Auto- 
motive Engineers  and  the  National  Automobile  Cham- 
ber of  Commerce,  the  Bureau  assuming  the  responsibility 
for  the  actual  carrying  out  of  the  work.  Through  this 
cooperation  the  oil  and  the  automotive  industries  are  at 
all  times  in  close  touch  with  the  work,  since  their  repre- 
sentatives are  actually  assisting  in  carrying  it  out  in 
conjunction  with  the  personnel  of  the  Bureau.  This  co- 
operation familiarizes  the  representatives  with  Bureau 
facilities  and  procedure  and,  at  the  same  time,  the  Bureau 
is  benefited  by  a  closer  contact  with  the  industry  and  the 
problems  that  confront  it.  The  oil  and  the  automotive 
industries  have  thus  been  brought  more  closely  together 
in  the  working-out  of  a  problem  that  affects,  in  a  prac- 
tical way,  every  user  of  gasoline-propelled  equipment 
throughout  the  Country. 

The  problems  involved  in  this  investigation  have  been 
discussed  for  the  past  year  or  two  by  those  interested. 
As  a  result,  a  definite  program  of  tests  was  formulated 
in  the  summer  of  1922,  and  the  Bureau  was  authorized 
to  proceed.  Actual  tests  were  started  in  the  first  week 
of  August.  The  program  embraced  a  series  of  tests  to 
determine  the  effect  of  four  fuels  of  different  character- 
istics on  the  number  of  miles  per  gallon  obtainable  as 
well  as  on  crankcase-oil  dilution.  After  a  discussion  of 
a  report  covering  the  work  completed  up  to  Oct.  1,  1922, 
the  advisory  committee  decided  that  it  would  be  desir- 
able to  continue  the  work  under  winter  conditions.  The 
continuation  of  the  investigation  under  such  conditions 
is  now  under  way. 
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In  this  report,  the  results  of  the  summer  work  will  be 
presented,  and  the  program  for  work  under  winter  con- 
ditions discussed. 

Investigation  Under  Summer  Conditions 

The  summer  work  is  covered  in  the  following  order: 

(1)  Fuels 

(2)  Cars 

(3)  Fuel-consumption  tests 

(4)  Crankcase-oil  dilution  tests 

(5)  Results 

(6)  Discussion  of  results 

(7)  Conclusions 

Fuels 

Four  grades  of  gasoline  were  selected  and  used 
throughout  these  tests.  These  were  specially  prepared 
by  an  Eastern  refinery  to  meet  the  desired  specifications. 
Their  physical  characteristics  are  shown  in  Table  1  and 
their  distillation  curves  in  Fig.  1.  These  grades  of  gaso- 
line were  designated  by  the  letters,  A,  B,  C  and  D. 
Grade  A,  which  is  the  most  volatile,  is  approximately  the 
grade  of  gasoline  that  was  generally  available  4  or  5 
years  ago.  Grade  B  corresponds  approximately  to  the 
average  motor-gasoline  supplied  at  present.  Grades  C 
and  D  are  less  volatile. 


TABLE  1 — PHYSICAL  CHARACTERISTICS  OF  THE  FOUR  TEST- 
FUELS 


Fu'-l 

Grade  A 

Grade  B 

Grade  C 

Grade  D 

Deg. 

Cent. 

Deg. 
Fahr. 

Deg. 
Cent. 

Deg. 

Fahr. 

Deg. 
Cent. 

Deg. 
Fahr. 

Deg. 
Cent. 

Deg. 
Fahr. 

Distillation,  Initial  .... 

10  Per  Cent 

20  Per  Cent 

30  Per  Cent 

40  Per  Cent 

50  Per  Cent 

60  Per  Cent 

70  Per  Cent 

80  Per  Cent 

85  Pel  Cent 

90  Per  Cent 

End,  or  High  Point 

49.0 
83.0 
94.0 
105.0 
113.5 
121.(1 
130.0 
139.5 
149.5 
158.0 
171.5 
192.0 
206.5 

120 

181 
201 
221 
237 
250 
266 
284 
302 
316 
342 
378 
403 

52.0 
83.5 
96.3 
106.7 
116.3 
126.2 
136.0 
148.0 
163.7 
172.0 
185.0 
203.(1 
214.0 

126 
182 
205 
225 
241 
259 
277 
298 
327 
342 
365 
397 
417 

51.5 
84.5 
102.0 
113.5 
124.5 
134.0 
145.0 
159.0 
176.5 
186.0 
201.0 
218.0 
229.5 

125 

185 
216 
237 
257 
275 
293 
318 
351 
367 
394 
424 
446 

54.5 
89.0 
104.5 
116.0 
128.0 
139.0 
153.0 
170.5 
194.0 
204.0 
218.5 
233.0 
244.5 

130 

192 
221 
241 
262 
2S2 
307 
338 
381 
399 
426 
452 
472 

Average  Boiling-Point  . 
Equilibrium   Tempera- 

121 

151 

11 

250 

304 

52 

125 

163 

31 

257 

325 

88 

135 

176 

47 

275 
349 
117 

142 

192 

67 

2-^s 
378 

Dew:Point,     12    to     1 

153 

Average     Molecular 
Weight' 

111.5 

0.727 

1.4110 

0.527 

114.0 

0.733 

1.4110 

0.533 

119.5 

0.736 

1.4150 

0.577 

123.5 

Specific  Gravity  at  26 
Deg.Cent.(78.5  Deg. 
Fahr) 

0.740 

Index   of   Refinement, 
(26  deg.  Cent.=  78.5 
Deg.  Fahr.) 

Viscosity   at   26  Deg. 
Cent.      (78.5    Deg. 
Fahr.),  centipoises . . 

1.4165 
0.592 

Unsaturated    Com- 
pounds, per  cent .... 
Moisture  Content 

Sw  eel 

5.5 

None 
None 
None 

Sweet 

6.5 

None 
None 
None 

Sweet 

6.0 
None 
None 
None 

Sweet 

6.0 
None 

'Wilson's  Method. 


Table  2  gives  the  possible  production  of  these  four 
fuels  as  estimated  by  several  large  refineries.  On  the 
basis  of  a  100  per  cent  production  for  Grade  B,  Grade  A 
represents  a  decrease  of  approximately  12  per  cent, 
Grade  C  an  increase  of  approximately  13  per  cent  and 
Grade  D  an  increase  of  approximately  30  per  cent  of 
gasoline  from  a  given  quantity  of  crude  oil. 


TABLE    2 — ESTIMATED    PRODUCTION    OF    FOUR    TEST-FUELS, 
COMPARED  WITH   GRADE-.B  FUEL 


Refiner 
1 
2 
3 
4 
5 


Fuel 

Fuel 

Fuel 

Fuel 

A 

B 

c 

D 

81 

100 

114 

128 

91 

100 

111 

124 

83 

100 

113 

122 

84 

100 

115 

133 

90 

100 

112 

145 

Average 


86 


100 


113 


130 


Test  Cars 

Four  makes  of  car  were  secured  that  were  believed  to 
represent  approximately  75  per  cent  of  the  total  num- 
ber of  cars  now  in  use  in  the  United  States.  The  char- 
acteristics of  these  cars  are  given  in  Table  3.  These 
cars  are  designated  by  the  letters  W,  X,  Y  and  Z.  Con- 
siderable care  was  taken  in  the  selection  of  each  of  these 
four  cars,  to  obtain  an  average  of  each  type  so  far  as 
possible.  The  original  equipment  was  left  intact,  and 
only  sufficient  overhauling  and  adjusting  was  done  to  in- 
sure having  the  cars  remain  in  good  condition  during  the 
test  period. 


TABLE  3 — CHARACTERISTICS  OF  TEST-CARS  USED 

Car 

w 

X 

Y 

Z 

Year 

1920 

1920 

1920 

1920 

Number  of  Cylinders 

6 

4 

4 

4 

Bore,  in. 

3% 

3ii 

3% 

3% 

Stroke,  in. 

4y2 

4 

4y2 

4 

Piston      Displacement 

cu.  in. 

241.6 

171.0 

212.0 

177.0 

Power  Rating3,  hp. 

27.30 

21.75 

24.03 

22.50 

Wheelbase,  in. 

118 

102 

114 

100 

Weight,     Including 

Equipment      and 

Crew,  lb. 

3,760 

2,450 

3,210 

2,335 

Tires,  in. 

33x4 

30x3% 

32x3  y2 

30x3  V2 

Gear-Ratio 

4.000 

3.670 

4.166 

3.630 

Miles     Run,    Approxi- 

mate 

15,000 
1  Chamb 

10,000      15,000 
er  of  Commerce  for 

12,000 

3  Based  on  the  Nationa 

mula. 

FUEL-CONSUMPTION  TESTS 

A  comparison  of  the  number  of  miles  per  gallon  ob- 
tained with  different  fuels  in  a  given  car  should  be  based 
on  a  measurement  of  the  quantity  of  fuel  consumed  when 
the  same  number  of  foot-pounds  of  energy  is  delivered  by 
the  engine  per  mile  under  a  specified  schedule  of  speeds, 
either  constant  or  changing,  and  when  the  operating 
conditions,  such  as  the  carbureter  adjustment,  the  tem- 
peratures and  the  speed,  are  the  same  or  are  particularly 
adjusted  to  each  fuel.  If  a  car  were  towed  around  a 
definite  course  following  a  given  schedule  of  speed- 
changes  and  the  results  of  a  measurement  of  the  pounds 
pull  on  a  drawbar  dynamometer  at  each  instant  plotted 
against  distance  traveled,  the  area  under  the  curve  would 
represent  the  number  of  foot-pounds  of  work  done  in 
towing  the  car  over  the  course.  If  the  run  were  repeated 
and  the  wind,  the  road  surface,  the  lubricant  tempera- 
ture, the  car  weight  and  the  tire  pressure  remained  the 
same,  the  same  curve  would  be  obtained.  If  the  car  were 
driven  by  its  engine  through  the  same  series  of  opera- 
tions, the  energy  output  of  the  engine  would  be  identical 
with  that  previously  registered  by  the  dynamometer.  If 
several  runs  were  made  within  a  short  time,  the  changes 
in  the  wind,  the  lubricant  temperature  and  the  tire  pres- 
sure would  not  change  sufficiently  to  affect  the  number 
of  foot-pounds  of  energy  output  materially.    If  two  sue- 
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FlG. SCHEDULE    FOR    DRIVING    THE    CARS    IN    THE    TEST 

cessive  runs  were  made  following  identically  the  same 
schedule,  but  when  two  different  fuels  were  supplied  to 
the  engine,  the  ratio  of  the  quantities  of  fuel  used  in  the 
two  runs  would  represent  the  ratio  of  the  number  of  miles 
per  gallon  to  be  expected  from  the  two  fuels  when  used  in 
that  car  under  the  conditions  of  driving  obtaining  in 
the  run. 

In  these  tests,  three  successive  runs  were  made  on  one 
fuel,  before  changing  to  a  second,  with  which  three  more 
successive  runs,  were  made.  By  means  of  the  sets  of  three 
successive  runs  a  constant  check  was  obtained  on  the 
constancy  of  the  energy  output.  To  increase  the  relia- 
bility of  the  results,  at  least  two  such  independent  com- 


TABLE     4 — SUMMER    TESTS,     CAR     W ;     SAME     CARBURETER 
SETTING  FOR  ALL  FUELS 


Carbu- 

Total 

Total 

Aver- 

Aver- 

Fuel-Consumption 

Grade 

of 

reter 

Time, 

Fuel 

age 

Ton- 

Fuel 

Set- 

Sec. 

Used 

Time. 

Fuel, 

CC. 

Gal. 

Miles 

Miles 

ting 

cc. 

Sec. 

CC. 

per 
Sec. 

per 
Hr. 

per 
Gal. 

per 
Gal. 

735.4 

643.91 

B 

4.4 

738.4 
746.7 
746.6 

642.8 
633.2 
645.2 

740 

640 

0.865 

0.822 

19.1 

35.8 

C 

4.4 

740.4 
735.8 
731.0 

650.9 
646.5 
644.3 

741 

648 

0.874 

0.831 

18.8 

35.4 

B 

4.4 

739.7 
740.6 
738.4 

641.7 
642.1 
640.4 

737 

643 

0.873 

0.830 

19.0 

35.7 

C 

4.4 

759.0 
755.0 
722.3 

634.3 
634.1 
645.4] 

751 

636 

0.848 

0.806 

19.1 

35.9 

B 

4.4 

724.2 
717.2 
719.8 

659.5 
639.0 
664.8 

721 

648 

0.899 

0.854 

18.8 

35.4 

A 

4.4 

724.3 

725 . 1 
719.3 

651.7 
651.9 
649.7 

723 

656 

0.908 

0.864 

18.6 

34.9 

B 

4.4 

734.7 
732.3 
734.6 

640.7 
643.4 
647.3 

729 

645 

0.884 

0.841 

18.9 

35.5 

A 

4.4 

728.6 
647. 7o 
725.5 

639.5 
567.1 
645.7 

7326 

6436 

0.878c 

0.835c 

19.1c 

35.9c 

B 

4.4 

726.6 
734.7 
735.1 

655.1 
650.3 
646.3 

729 

653 

0.896 

0.852 

18.7 

35.1 

D 

4.4 

736.5 
737.4 
742.3 

625.6 
641.6 
650.3 

736 

638 

0.866 

0.823 

19.1 

35.9 

B 

4.4 

739.0 
743.1 
749.2 

642.6 
632.7 
645.6 

742 

642 

0.866 

0.823 

19.0 

35.7 

D 

4.4 

739.7 
746.8 

638.1 
621.6 

745 

635 

0.854 

0.812 

19.2 

36.1 

General  Averages 


B 

C 
B 
A 

I! 

D 


739 
745 
725 
727 
735 
741 


641 
642 
646 
650 
648 
637 


0.869 
0.861 
0.892 
0.893 
0.881 
0.860 


0.826 
0.818 
0.848 
0.850 
0.838 
0.818 


19.0 
19.0 
18.9 
18.8 
18.9 
19.1 


36.0 


aWatch  stopped  just  after  passing  stake  No.  29. 
bAverage  of  two  runs. 
cAverage  of  three  runs. 


TABLE  5 — SUMMER  TESTS,   CAR    W;    CHANGED  CARBURETER 
SETTING  FOR  EACH   FUEL 


Fuel-Consumption 

Grade 

Carbu- 
reter 

Total 
Time, 

Total 
Fuel 

Aver- 
age 

Aver- 
age 

of 

Fuel 

Set- 

Sec. 

I  s,-,l. 

Time, 

Fuel, 

Ton- 

ting 

CC. 

Sec. 

CC. 

CC. 

per 

Sec. 

Gal. 

Miles 
per 
Gal. 

Miles 
per 
Gal. 

724.7 

648.4 

B 

4.40 

725.1 
730.7 
726.9 

634.3 
608.6 
599.3 

727 

630 

0.868 

0.826 

19.3 

36.3 

A 

5.00 

717.0 
724.6 
717.2 

595.6 
594  1 
624.9 

723 

596 

0.825 

0.785 

20.4 

38.4 

B 

4.40 

724.8 
726.4 
741.0 

624.4 
624.1 
591.7 

723 

625 

0.866 

0.824 

19.5 

36.7 

A 

5.00 

735.1 
724.8 
713.0 

592.4 
592.7 
663.0 

734 

592 

0.808 

0.768 

20.6 

38.7 

B 

4.40> 

711.5 
717.0 
713.0 

653.5 
657.1 
674.9' 

714 

658 

0.922 

0.877 

18.5 

34.8 

D 

3.75 

716.2 
710.5 
710.0 

676.4 
668.3 
632.5' 

713 

673 

0.944 

0.898 

18.1 

34.1 

B 

4.40' 

713.4 
719.3 
721.2 

623.5 
616.2 
664.9' 

714 

624 

0.874 

0.831 

19.5 

36.7 

D 

3.75 

717.0 
715.0 
723.5 

657.9 
670.0 
634.4 

718 

664 

0.926 

0.881 

18.4 

34.5 

B 

4.40 

717.0 
717.6 
723.4 

639.4 
640.0 
679.2 

719 

638 

0.886 

0.884 

19.1 

35.8 

C 

4.00 

715.2 
718.0 
719.1 

.,7(1       N 

662.6 
648.1 

719 

671 

0.933 

0.887 

18.1 

34.1 

B 

4.40 

712.8 
719.8 
727.2 

638.2 
625.5 
654.1) 

717 

637 

0.888 

0.845 

19.1 

35.8 

C 

4.00 

726.0 

661  6 

724 

658 

0.906 

0.862 

18.5 

34.8 

719.8 

657.8 

General  Averages 


B 
I 
B 
D 
B 
C 


4.40 
5.00 
4.40 
3.75 
4.40 
4.00 


725 
728 
714 
716 
718 


627 
596 
643 
670 
638 


0.867 
0.817 
0.898 
0.935 
0.887 


0.823 
0.776 
0.854 
0.890 
0.845 


722   664   0.920  0.875  18.3   34.5 


19.4 
20.5 
19.0 
18.2 
19.1 


36.5 
38.5 
35.7 
34.3 
35.8 


parisons  were  made.  The  fuels  were  compared  with  each 
other  by  comparing,  independently,  Grades  A,  C  and  D 
with  Grade  B,  or  the  reference  fuel.  It  was  found  that 
the  set  of  six  runs  used  in  each  comparison  could  be  made 
in  from  2  to  3  hr,  and  no  material  variation  in  energy 
output  was  anticipated  in  this  time. 

The  driving  schedule  used  in  these  tests  is  shown 
schematically  in  Fig.  2.  The  maximum  speed  was  limited 
by  traffic  regulations  but  the  range  of  speed,  accelera- 
tion and  deceleration  was  estimated  to  be  that  usually 
encountered  in  ordinary  driving.  All  accelerations  were 
made  with  wide-open  throttle,  and  decelerations  with  fully 
closed  throttle  and  without  the  use  of  brakes.  These 
two  arbitrary  conditions  of  driving  operation  were  im- 
posed to  obtain  more  reproducible  handling  of  the  throttle 
and  to  eliminate  the  uncertainty  of  varying  use  of  the 
brakes. 

Fuel-ConsuTnption,cc.persec 
.„2.5    lb     V     78     2.9     3.0      3-1      32      33     34      IS     3-6     3.7      38     3.9    4.0 
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Fio.  3 — Chart  Showing  How  the  Carbureter  Setting  for 
Maximum  Power  Was  Determined 
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TABLE    7 — SUMMER    TESTS,    CAR    Y;        SAME    CARBURETER 
SETTING  FOR  ALL  FUELS 


Fig.   4 — Apparatus  Employed  To  Measure  the  Fuel,  the  Car 
Speed,  the  Manifold  Depression  and  the  Temperature 

The  test-course  selected  is  located  in  Potomac  Park, 
City  of  Washington,  and  is  known  locally  as  the  Speed- 
way. The  road  is  of  asphalt,  is  in  good  condition  and 
is  practically  flat.  The  course  is  3.2  miles  long.  For  the 
purpose  of  this  work,  it  was  divided  into  32  sections, 


table  6- 


-SUMMER  TESTS,  CAR  X;  FIXED-JET  CARBURETER- 
SETTING 


Fuel-Consumption 

Carbu- 
reter 

Total 
Time. 

Total 
Fuel 

Aver- 
age 

Aver- 
age 

of 

Fuel 

Set- 

Sec. 

Used, 

Time, 

Fuel, 

Ton- 

ting 

cc. 

Sec. 

CC 

cc. 

per 

Gal. 
per 

Miles 
per 
Gal. 

Miles 
per 

Sec. 

Hr. 

Gal. 

, 

710.4 

526.8 

B 

711.4 
716.4 
705.4 

523.8 
529.4 
522.4 

713 

527 

0.739 

0.703 

23.1 

29.2 

C 

709.8 
699.0 
703.4 

536.6 

:,:;;  s 
545.5 

705 

532 

0.755 

0.718 

22.9 

28.9 

B 

706.9 
698.6 

li.VP    1) 

550.4 
543.7 
543.5 

703 

547 

0.777 

0.739 

22.3 

2S.1 

C 

676.0 
699.6 
689.8 

546.3 
540.5 
504.2 

688 

543 

0.789 

0.751 

22  .4 

28.3 

B 

687.0 
683.2 
689.2 

497.8 
498.9 
513.9 

687 

500 

0.729 

0.694 

24.4 

30.7 

A 

693.5 
680.0 
682.8 

513.9 
503.3 
I'n.  5 

688 

510 

0.743 

0.707 

23.9 

30.1 

B 

685.1 
676.4 
687.3 

498.5 
495.7 
509.2 

681 

497 

0.729 

0.694 

24.5 

30.9 

A 

o    1 

1-5     1 

T2       i 

682.0 
677.1 
715.0 

507.2 
500.3 
514.1 

682 

506 

0.741 

0.705 

24.1 

30.4 

B 

.a  ■ 

727.6 
712.8 
715.0 

518.0 
522.2 
495.5 

719 

518 

0.721 

0.686 

23.5 

29.6 

D 

713.0 
712.8 
712.5 

505 . 1 
511.0 
520.7 

714 

504 

0.706 

0.671 

24.2 

30.5 

B 

* 

709.0 
711.4 
707.5 

514.3 
522.4 
501.61 

711 

519 

0.730 

0.694 

23.5 

29.6 

D 

712.8 
710.9 

512.5 
511.9 

710 

509 

0.717 

0.681 

24.0 

30.2 

General  Averages 


B 
C 
B 

A 
B 
D 


708 
696 
684 
685 
715 
712 


537 
538 
499 
508 
519 
506 


0.758 
0.772 
0.729 
0.742 
0.726 
0.711 


0.721 
0.735 
0.694 
0.706 
0.690 
0.676 


22.7 
22.7 
24.4 
24.0 
23.5 
24.1 


28.7 
28.6 
30.8 
30.3 
29.6 
30.3 


Fuel-Consumption 

Grade 

Carbu- 
reter 

Total 
Time, 

Total 
Fuel 

Aver- 
age 

Aver- 

of 

Fuel 

Set- 

Sec. 

Used, 

Time, 

Fuel, 

Ton- 

ting 

CC. 

Sec. 

CC. 

CC. 
per 

Sec. 

Gal. 
per 
Hr. 

Miles 
per 
Gal. 

Miles 
per 
Gal. 

, 

677.3 

655.61 

B 

55     | 

671.8 
677.2 
672.3 

650.0 
631.9 
661.1 

675 

646 

0.956 

0.909 

18.9 

30.3 

A 

55     | 

675.0 
677.3 
667.3 

665. 7\ 

673.9 

637.2 

675 

670 

0.9SS 

0.939 

18.3 

29.3 

B 

55     | 

667.9 
664.6 
667.0 

lit'.)  s 
641  61 
669.5 

670 

643 

0.960 

0.913 

18.9 

30.4 

A 

55 

666.8 
665.2 
680.4 

lie,:,  'i 
673.7 
652.6 

666 

670 

1.005 

0.956 

18.2 

29.2 

B 

55 

667.8 
590. id 
676.6 

646.7 
587.6 
639.9 

674 

650 

0.974 

0.926 

IS. 8 

30.1 

C 

55     | 

670.6 
665.7 
682.0 

636.1 
622.2 
645.9 

671 

633 

0.944 

0.897 

19.3 

31.0 

B 

55     i 

668.6 
669.4 
674.4 

639.5 
647.3 
619.8 

673 

644 

0.958 

0.911 

18.9 

30.4 

C 

55 

672.9 
668.6 
667.0 

611.9 
610.2 
652.6 

672 

614 

0.914 

0.869 

19.8 

31. » 

B 

55 

662.8 
661.6 
657.4 

659.1 
642.9 
622.6 

664 

652 

0.982 

0.934 

18.7 

30.1 

D 

55     1 

661.6 
663  3 

660.9 

lill'.l  s 
601.4 
648.3 

661 

611 

0.925 

0.880 

19.9 

32.0 

B 

55     • 

669.8 
660.0 
670.1 

660.7 
6(7.0 
630.9) 

664 

652 

0.983 

0.935 

18.7 

30.0 

D 

55     • 

664   7 

669  9 

611.1 

613  7 

668 

619 

0.926 

0.880 

19.7 

31.6 

General  Averages 

B 

55 

673 

644 

0.958 

0.911 

18.9 

30.3 

A 

55 

671 

670 

0.997 

0.948 

IS. 2 

29.3  | 

B 

55 

674 

647 

0.966 

0.916 

18.8 

30.2 

C 

55 

672 

623 

0.928 

0  883 

19.6 

31.4 

B 

55 

664 

652 

0.983 

0.935 

18.7 

30.0 

D 

55 

665 

615 

0.925 

0.880 

19.8 

31.8 

"  Throttle  valve-rod  jumped  out  of  throttle  valve-lever  just 
after  passing  stake  No.  29. 


Fig.  5 — The  Fuel-Supply  Tanks  and  the  Driver's  Speedometer 
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TABLE   8 — SUMMER   TESTS,   CAR    Y;    CHANGED   CARBURETER 
SETTING  FOR  EACH   FUEL 


Fuel-Consumption 

Carbu- 
reter 

Total 
Time, 

Total 
Fuel 

Aver- 
age 

Aver- 
age 

of 

Fuel 

Set- 

Sec. 

1    snl. 

Time, 

Fuel, 

Ton- 

ting 

cc. 

Sec. 

CC. 

CC. 

Gal. 

Miles 

Miles 

per 
Sec. 

& 

per 
Gal. 

per 
Gal. 

671.1 

til,.-,  T 

B 

.-.5 

062 . 6 
661.4 
665.8 

659.2 
658.4 
621.9 

665 

661 

0.994 

0.946 

18.4 

29.6 

A 

85     • 

665.9 
664.8 
669.3 

614.2 
604.6 
663.4 

665 

647 

0.972 

0.924 

18.8 

30.3 

B 

.">.> 

671  :; 
670.6 
678.5 

662.5 

671    2 
6  16    1 

671 

666 

0.991 

0.943 

18.3 

29.4 

A 

85    • 

678.3 
681   (i 

r.i'.ii   ; 

637.4 
644.4 
64S.4) 

679 

643 

0.946 

0.900 

18.9 

30.5 

B 

55 

mis  ;-; 
660.5 
658.7 

649.6 

67,11    11 
641.1 

663 

650 

0.980 

0.932 

IS. 8 

30.1 

C 

45      ■ 

656.6 
665.6 

667     s 

650.0 
627.6 

67,1    '.1 

660 

636 

0.964 

0.917 

19.1 

30.8 

B 

OO        ' 

66,1   6 

666.3 
666.4 

li.-.S    2 

647.3 

636.6 

665 

654 

0.983 

0.935 

18.6 

29.9 

C 

45 

666.0 
659.6 
671.9 

654.5 
630.1 
626.31 

663 

840 

0.966 

0.919 

19.0 

30.6 

B 

OD        ' 

670.1 
668.6 
663.0 

621.1 
625.8 

624.9 

670 

624 

0.932 

0.887 

19.5 

31.3 

D 

30 

670.7 
669.8 
666.3 

629.2 
639.8 
647.41 

668 

635 

0.951 

0.905 

19.2 

30.8 

B 

55     ■ 

665.7 
659.7 
662.7 

634.0 
629.0 
642.1' 

664 

637 

0.960 

0.913 

19.1 

30.7 

DJ 

30     • 

662.7 
670.0 

631.1 

629    S 

665 

634 

0.954 

0.908 

19.2 

30.8 

General  Averages 


B 
A 
8 
C 
B 
D 


55 
85 
55 
45 
55 
30 


668 
672 
664 
662 
667 
667 


663 
645 
651 
638 
631 
634 


0.992 
0.964 
0.981 
0.965 
0.946 
0.953 


0.944 
0.912 
0.933 

n  His 
0.900 
0 .  906 


29.5 
30.4 
30.0 
30.7 
31.5 
30.8 


4,  5  and  6.  The  fuel-measuring  system  shown  in  Fig.  4 
consisted  of  32  burettes,  each  of  50-cc  capacity,  and  hav- 
ing the  zero  at  the  top.  Each  burette  was  provided  at 
the  bottom  with  a  rubber  tube  and  cut-off  cock  of  such 
design  that  a  single  movement  of  the  actuating  lever 
closed  one  burette  and  opened  the  adjoining  one.  Gaso- 
line was  drawn  from  a  given  burette  for  each  section  of 
the  course,  this  being  opened  at  the  beginning  of  the 
section  when  the  stake  was  passed  and  closed  at  the  end 
when  the  next  stake  was  passed.  Each  burette  therefore 
indicated  the  fuel  consumed  while  passing  over  a  given 
section  of  the  course,  under  prescribed  driving  condi- 
tions such  as  acceleration,  constant  speed  or  deceleration. 
When  the  car  had  traversed  the  entire  course,  the  burette 
readings  were  recorded,  and  their  sum  gave  the  total 
fuel-consumption  for  the  circuit  of  the  course. 

Two  separate  fuel-tanks  were  used  one  to  hold  the 
Grade-B  or  reference  fuel,  and  the  other  the  fuel  under 
test.  These  tanks  are  shown  in  Fig.  5.  An  air-pump 
was  used  to  force  the  fuel  from  these  tanks  up  to  the 
glass  reservoir  shown  at  the  right  in  Fig.  4.  Before 
starting  each  run,  the  burettes  were  filled  up  to  their 
zero-marks  from  this  reservoir.  When  it  was  desired  to 
change  fuel,  the  valve  in  this  line  was  opened  and  per- 
mitted all  of  the  fuel  in  the  burettes  and  the  reservoir 
to  be  drained  back  into  the  proper  tank.  The  line  from 
the  burettes  to  the  carbureter  was  emptied  of  fuel  by 
running  the  engine.  The  end  of  the  test-course  is  some 
distance  from  the  start,  and  changing  fuels  at  the  end 
insured  running  on  new  fuel  by  the  time  the  car  had 
reached  the  starting-point. 

A  graphic  record  of  car-speed  changes  during  the 
progress  of  a  run  was  obtained  by  connecting  a  pen 
movement  to  a  Van  Sicklen  chronometric  tachometer,  and 
mounting  them  on  the  recording  vacuum  gage  used  to 
record  the  manifold  depression.     Fig.  6  shows  the  ar- 


each  section  being  0.1  mile  in  length  and  marked  by  a 
sign-post  on  which  driving  instructions  were  indicated. 
The  same  operations  were  repeated  on  the  two  sides  of 
the  course,  which  are  approximately  parallel,  so  as  to 
minimize  the  effect  of  wind  on  the  accuracy  of  the  re- 
sults. 

In  the  case  of  all  the  cars,  except  car  X,  which  has  a 
fixed-jet  type  of  carbureter,  two  series  of  comparisons 
were  made.  One  series  was  made  with  all  the  fuels, 
using  the  optimum  adjustment  for  Grade-B  fuel;  the 
second  series  was  made  with  the  respective  optimum  set- 
tings for  the  fuels.  The  carbureter  setting  for  each 
fuel  was  obtained  by  driving  in  high-gear  up  a  given 
hill,  and  measuring  the  time  required  to  make  the  ascent, 
as  well  as  the  amount  of  gasoline  consumed.  These  runs 
were  made  over  the  range  from  a  very  lean  to  a  very 
rich  setting,  and  for  the  four  fuels  used.  From  these 
results,  the  gasoline  consumption  was  plotted  against 
the  time  of  ascent  and,  from  the  curve  for  each  fuel,  the 
leanest  setting  giving  the  minimum  time  of  ascent  was 
selected,  as  illustrated  by  Fig.  3  for  car  W.  In  the  case 
of  two  of  the  cars  the  carbureter  settings  were  made 
by  factory  engineers ;  these  agreed  exactly  with  the  set- 
tings obtained  from  the  hill-test.  An  analysis  of  the 
exhaust-gas  obtained  from  this  setting  indicated  a  mix- 
ture-ratio of  approximately  12  lb.  of  air  per  lb.  of  fuel. 
The  use  of  a  materially  leaner  carbureter  setting  gave 
unsatisfactory  results  during  the  accelerations  made  on 
the  Speedway  test-course,  which  averaged  from  lVk  to 
2  m.p.h.  per  sec. 

The  apparatus  used  in  these  tests  is  shown  in  Figs. 


Fiq.  6 — Arrangement  op  the  Car-Speed  and  Manifold-Depression 
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rangement  of  the  instrument  used  to  give  the  combined 
record  of  car  speed  and  manifold  depression. 

The  temperatures  of  the  outlet  water  and  of  the  lubri- 
cant in  the  crankcase  and  the  differential  were  deter- 
mined by  distance-type  indicating-thermometers.  The 
air  temperatures  were  indicated  by  a  mercurial  ther- 
mometer. 

Both  the  time  required  to  pass  over  each  section  of 
the  course  and  the  time  of  a  complete  circuit  were  ob- 
tained by  split-second  stop-watches  of  the  double-sweep 
type.  These  stop-watches  were  checked  a  number  of 
times  by  the  time  section  of  the  Bureau  to  determine 
their  accuracy. 

Fig.  7  shows  a  typical  record-sheet.  It  will  be  noted 
that  the  temperatures  were  recorded  at  the  beginning 
and  the  end  of  each  run.  The  sheet  also  gives  the  tire 
pressures  at  the  start  and  at  the  end  of  each  test.  The 
relative  humidity  and  the  barometric  pressures  as  re- 
corded were  obtained  from  the  United  States  Weather 
Bureau. 

A  combined  manifold-depression  and  car-speed  record, 
like  that  shown  by  Fig.  8,  was  obtained  for  each  run. 
The  record  of  the  car-speed  change  is  shown  by  the  graph 
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Fig.  7 — A  Typical  Sheet  of  One  of  the  Tests 

on  which  is  marked  the  car  speed.  A  template  was  made 
with  which  the  car-speed  record  obtained  from  each  run 
was  compared  to  see  how  closely  the  car  had  followed  the 
predetermined  running-schedule.  By  this  comparison, 
bad  runs  were  easily  detected  and  thrown  out.  The 
record  of  manifold  depression  gave  an  indication  of  the 
throttle  operation  by  the  car  driver. 

Crankcase-Oil  Dilution  Tests 

To  obtain  an  indication  of  the  effect  of  these  four  fuels 
on   crankcase-oil   dilution,   two  cars,   namely    Y  and  Z, 


Manifold 
'ression 


Fig.  S — Chart  Obtained  from  the  Car-Speed  and  Manifold- 
Depression  Recorder 

were  driven  between  the  City  of  Washington  and  Fred- 
erick, Md.  This  road  is  in  fairly  good  condition  and  in- 
cludes a  relatively  large  number  of  hills.     An  average 


TABLE  9 — SUMMER  TESTS,  CAR  Z ;  CARBURETER  SETTING 
SAME  FOR  ALL  FUELS 


Carbu- 

Total 

Total 

Aver- 

Aver- 

Fuel-Consumption 

Grade 

of 

reter 

Time, 

Fuel 

age 

age 

Ton- 

Fuel 

Set- 

Sec. 

Used 

Time, 

Fuel, 

CC. 

Gal. 

Miles 

Miles 

ting 

CC. 

Sec. 

CC. 

per 
Sec. 

per 
Hr. 

per 
Gal. 

per 
Gal. 

685.4 

;i.-,:i  i; 

B 

7.0  ■ 

681.0 
685.8 
675.6 

558.3 
552.8 
571.71 

684 

555 

0.811 

0.772 

22,0 

25.6 

A 

7.0 

678.0 
666.5 
689.5 

561.8 
555.5 
563.7 

673 

563 

0.836 

0.795 

21.6 

25.3 

B 

7.0 

681.0 
676.4 
681.0 

.V>.-.    (1 

S59.21 
581.41 
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0.824 

0.784 

21.7 
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A 

7.0  ■ 
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679 
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0.855 

0.813 

21.0 

24.5 

B 

7.0  • 
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555. S) 
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538.4 
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557 

0.821 
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25.5 
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7.0 
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539.6 
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556.81 

678 
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22.4 
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B 

7.0 
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0.828 

0.788 

21.9 

25.5 

C 

7.0 
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:.14    S 
555.9 

677 

543 

0.802 

0.763 

22.4 

26.2 

B 

7.0 

673.4 
667.8 
667.0 

557.6 
558.5 
537.2 

671 

557 

0.830 

0.789 

21.9 

22.5 

D 

7.0 

666.2 
669.7 
667.4 

545.41 
536 . 5 
548.6 

668 

540 

0.808 

0.768 

22.6 

26.4 

B 

7.0  j 

659.2 
658.8 
670.8 

542.7 
541.1 
542.01 

662 

544 

0.823 

0.782 

22.4 

26.1 

D 

7.0 

677.7 
667.3 

540.7 
540.  OJ 

672 

541 

0.805 

0.766 

22.5 

26.3 

General  Averages 

B 

7.0 

683 

559 

0.818 

0.778 

21.8 

25.5 

A 

7.0 

676 

572 

0.846 

0.804 

20.3 

24.9 

B 

7.0 

676 

557 

0.825 

0.784 

21.9 

25.5 

C 

7.0 

677 

543 

0.802 

0.763 

22.4 

26.2 

B 

7.0 

667 

551 

0.827 

0.786 

22.1 

25.8 

D 

7.0 

670 

540 

0.808 

0.767 

22.6 

26.3 
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TABLE   10 — SUMMER  TESTS,   CAR  Z ;   CHANGED  CARBURETER 
SETTING  FOR  EACH   FUEL 


Fuel-Consumption 

Grade 

Carbu- 
reter 

Total 
Time. 

Total 
Fuel 

Aver- 
age 

Aver- 
age 

of 

Fuel 

Set- 

-  See. 

Used, 

Time, 

Fuel, 

Ton- 

UllK 

cc. 

Sec. 

CC. 

CC. 
per 
Sec. 

Gal. 
per 
Hr. 

Miles 
per 
Gal. 

Miles 
per 
Gal. 

| 

674.3 

532.2 

B 

7.0  < 

(',72.  2 
666.3 
668.6 

525.2 

534  9 

535  v 

670 

531 

0.793 

0.754 

23.0 

26.8 

A 

7.1 

667.9 
666.2 
671.4 

538. 5( 
536.61 
343. 11 

668 

531 

0.79S 

0.759 

22.9 

26.7 

B 

7.0  • 

667.2 

545.2 

669 

545 

0.815 

0 .  775 

22.4 

26.1 

667.0 

547. 2 1 

670.7 

527.8 

A 

7.1 

670.0 
672.2 
673.4 

533-.  8 
531.71 
540.6) 

671 

531 

0.792 

0.753 

22  9 

26.7 

B 

7.0 

665.3 

664    8 
669.8 

542.7 
535.5 
550.91 

669 

539 

0.808 

0.768 

22.6 

26.4 

C 

6.4 

670.0 
667.0 
667.3 

546.5 
549  ii 
539.0] 

670 

549 

0.821 

0.781 

22.2 

25.9 

B 

7.0  j 

664.8 
664.5 
661.5 

536. 3} 

.'._':{  s 
535.4 

666 

533 

0.801 

0.762 

22.9 

26.7 

C 

6.4  > 

669.4 
665.8 
664.0 

538. 5} 

547.3 

537.1 

666 

540 

0.812 

0.773 

22.6 

26.3 

B 

7.0  J 

672.7 
667.4 
666.2 

537.0 

525.41 
534   s 
548.8!- 

668 

530 

0.798 

0.759 

22.7 

26.5 

D 

6.3  t 

663.8 

663 

547 

0.743 

0.707 

22.3 

26.0 

658.5 

557.21 

663.8 

-.3-1  s 

B 

7.0  i 

662.2 
65S.5 
661.3 

526.7 
536.3 
550.2] 

662 

533 

0.823 

0.783 

22.9 

26.8 

D 

6.3  | 

664.6 
665.5 

.-,.-,11  s 
553 . 5 1 

664 

552 

0.831 

0.698 

22.2 

25.9 

General 

Avert 

iges 

B 

7.0 

670 

538 

0.804 

0.765 

22.7 

26.5 

.4 

7.1 

669 

531 

0.795 

0.756 

22.9 

26.7 

B 

7.0 

667 

536 

0.805 

0.765 

22.7 

26.6 

C 

6.4 

666 

545 

0.817 

0.777 

22.4 

26.1 

B 

7.0 

665 

533 

0.810 

0.770 

22.8 

26.6 

D 

6.3 

663 

549 

0.790 

0.702 

22.3 

26.0 

speed  of  25  m.p.h.  was  maintained;  this  speed  was 
checked  by  having  the  time  of  arrival  and  departure 
recorded  at  intermediate  points  between  Washington 
and  Frederick. 

Two  round-trips,  representing  a  total  of  200  miles, 
were  made  for  each  fuel.  Before  the  start  of  the  run  on 
each  fuel,  the  crankcase  was  drained,  new  oil  put  in  and 
the  engine  run  for  from  5  to  10  min.  This  oil  was  then 
drained  out  and  the  crankcase  filled  with  new  oil.  No 
oil  was  added  during  the  200-mile  run.     After  each  50 


100       175 

Car  Miles 

Fig.  10 — A  Similar  Set  of  Curves  Obtained  from  a  Different  Car 

miles,  8-oz.  samples  were  taken  and  these  were  tested 
for  the  percentage  of  dilution  and  change  in  the  viscosity. 
The  figures  given  for  the  percentage  of  dilution  were 
obtained  by  subtracting  the  percentage  distilled  off  from 
the  unused  oil  up  to  300  deg.  cent.,  (572  deg.  fahr.) 
from  the  percentage  distilled  off  from  the  used  oil  up 
to  the  same  temperature. 

Discussion  of  Results 

The  results  obtained  from  the  summer  work  on  the 
Speedway  course  are  given  in  Tables  4  to  10  inclusive. 
It  will  be  noted  from  the  data  that  the  fuel-consumptions 
obtained  from  three  successive  runs  on  any  one  fuel  gen- 
erally agree  within  3  per  cent,  and  it  is  estimated  that 
the  general  averages  are  reliable  within  2  per  cent. 

The  results  of  the  road  tests  for  dilution  are  shown  in 
Table  11  and  Figs.  9  and  10.  The  results  obtained  from 
the  road  tests  for  crankcase-oil  dilution  are  of  interest 
as  indicating  a  probable  increase  in  dilution  with  the  use 


TABLE    11 — SUMMER  ROAD-TESTS  FOR   CRANKCASE-OIL 
DILUTION 


Car  Y 

CarZ 

Miles  Run 

50 

100 

150 

200 

50 

100 

150 

200 

Grade  A  Fuel 

Dilution,  per  cent. . . 
Grade  A  Fuel 

265 
2.8 

256 
3.0 

244 
3.5 

242 
4.1 

303 
2.0 

301 
2.0 

311 
3.0 

295 
3  0 

312 
3.4 

312 
3.3 

331 
4.2 

328 

3.8 

Grade  B  Fuel 

258 
3.0 

259 
2.8 

261 

2.2 

272 
2.8 

244 
4.0 

247 
3.3 

248 
3.5 

265 
4.0 

238  e 
4.3 

222 

5.5 

231 

5.0 

254 
5.5 

236 
5.3 

220 
5.5 

222 
5.5 

215 
6.7 

Grade  B  Fuel 

286 
2.6 

278 
3.0 

272 
3.5 

277 
3.1 

256 
5.0 

255 
5.5 

279 
4.2 

273 

5.5 

235 
7.0 

282 

Dilution ,  per  cent. . . 
Grade  C  Fuel 

5.4 
255 

Dilution,  per  cent.. . 
Grade  D  Fuel 

7.0 
213 

Dilution,  per  cent.. . 

12.0 

100         175 
Cor  Miles 
Fig.  9 — Curves   Showing  the  Change  in  the  Crankcase-Oil 
Dilution  and  the  Viscosity  in  the  Summer  Road  Tests 


NEW  OIL  USED;  VEEDOL  MEDIUM 

Specific  Gravity 0.899 

Baume,  deg 25.7 

Flash  Point,  dee.  fahr 420 

Fire  Test,  deg.  fahr 480 

Pour  Test,  deg.  fahr 25 

At  100  Deg.  Fahr.,  Savbolt  sec 290 

Viscosity  {  At  130  Deg.  Fahr.,  Saybolt  sec 143 

[At  212  Deg.  Fahr.,  Saybolt  sec 51 

Boiling  Point,  deg.  cent 305 

Boiling  Point,  deg.  fahr 581 

=At  100  Deg.  Fahr. 
eQuart  of  oil  added  by  mistake. 
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TABLE    12 — PERCENTAGE    OF    CAR-MILES    PER    GALLON    OF 
FUEL,  REFERRED  TO  GRADE-/?  FUEL 


Carbureter  Set  for  Grade  B  Fuel 

Carbureter  Set  for  Each  Fuel 

Fuels 

Fuels 

A 

B 

c 

D 

A 

B 

C 

D 

IT 
X 

r 
z 

100 
98 
96 
98 

100 
100 

ioo 

100 

100 
100 
104 
102 

101 
103 
106 
102 

106 

100 

96 

96 

i03 
101 

100 
100 

io2 

99 

99 
98 

of  the  less  volatile  fuels.  It  was  realized  that  under 
summer  weather  conditions  the  dilutions  obtainable  would 
be  relatively  small;  for  this  reason,  the  tests  were  not 
made  more  comprehensive. 

The  results  are  summarized  in  Table  12,  on  the  basis 
of  the  number  of  miles  per  gallon. 

This  table  gives  the  miles  per  gallon  of  each  fuel,  ex- 
pressed as  the  percentage  of  that  obtained  with  the 
Grade-B,  or  reference,  fuel.  The  greatest  difference  in 
miles  per  gallon  is  in  the  case  of  car  W  when  the  car- 
bureter was  adjusted  for  each  fuel.  In  this  instance  the 
number  of  miles  per  gallon  with  Grade-A  fuel  was  10 
per  cent  greater  than  with  the  Grade-D  fuel.  However, 
it  will  be  noted  that  with  the  same  adjustment  for  all 
fuels,  the  number  of  miles  per  gallon  on  Grade-A  fuel  was 
1  per  cent  less  than  on  Grade-D  fuel.  This  fact  empha- 
sizes the  sensitivity  of  the  results  to  small  changes  in 
the  carbureter  adjustment  and,  hence,  the  consequent 
difficulty  of  making  such  adjustments.  It  seems  likely 
therefore  that  this  10  per  cent  difference  is  an  effect  due 
to  improper  carbureter  adjustment,  rather  than  to  an 
inherent  difference  in  the  fuels  themselves.  If,  how- 
ever, this  was  not  the  case  and  a  difference  of  this  mag- 
nitude existed,  when  it  is  considered  that  the  relative 
production  from  a  barrel  of  crude  would  be  44  per  cent 
greater  with  Grade-D  fuel  than  with  Grade-A  fuel,  there 
is  no  question  that,  from  the  standpoint  of  the  number 
of  miles  per  barrel  of  crude  oil,  the  economic  advantage 
would  lie  with  the  Grade-D  fuel. 

An  examination  of  the  results  obtained  with  the  other 
cars  when  the  carbureters  were  adjusted  for  each  fuel 
will  show  that  the  maximum  difference  between  the  fuels 
is  about  4  per  cent.  In  this  group  a  car  is  included  that 
represents  probably  50  per  cent  of  the  total  number 
now  in  use. 

It  is  concluded  from  these  tests  that,  on  the  basis  of 
the  number  of  miles  per  barrel  of  crude  oil,  the  advan- 
tage among  the  fuels  tested  lies  with  the  fuel  of  lowest 
volatility  when  used  under  summer  conditions.  Whether 
the  use  of  this  fuel  represents  a  real  economic  gain  de- 
pends on  whether  its  use  will  result  in  disadvantages  of 
sufficient  magnitude  to  offset  the  gain  in  the  number  of 
miles  per  gallon  of  crude  oil. 

Investigation    Under    Low-Temperature    Conditions 

After  considering  the  results  of  the  summer  tests,  the 
advisory  committee,  representing  the  Society  of  Automo- 
tive Engineers,  the  American  Petroleum  Institute  and 
the  National  Automobile  Chamber  of  Commerce,  decided 
to  continue  this  work  under  cold-weather  conditions.  It 
was  the  consensus  of  opinion  of  the  members  that  if 
there  were  any  marked  differences  between  the  four  test- 
fuels  in  the  number  of  miles  per  gallon,  the  ease  of  start- 
ing and  the  crankcase-oil  dilution,  these  differences  might 
be  more  evident  when  testing  the  fuels  under  winter  con- 
ditions.    In   addition   to   obtaining   purely   comparative 


data,  a  broadening  of  the  scope  of  the  program  was  au- 
thorized to  permit  making  a  study  of  the  conditions  that 
would  be  of  major  influence  on  the  questions  under  in- 
vestigation; namely,  economy,  ease  of  starting,  accelera- 
tion and  crankcase-oil  dilution.  On  this  basis,  a  program 
of  low-temperature  tests  has  been  laid-out  which  aims 
to  determine,  first,  what  conditions  exert  the  most  in- 
fluence on  the  questions  under  investigation  and  then  to 
obtain  quantitative  measurements  with  each  fuel  under 
the  conditions  thus  determined.  The  initial  stages  of 
this  investigation  are  being  carried  out  in  the  labora- 
tory, where  easy  and  accurate  control  of  conditions  is 
possible. 

In  general,  the  laboratory  investigation  aims  to  dis- 
cover the  conditions  under  which  a  richer  mixture  is  re- 
quired with  one  fuel  than  with  another  for  a  given  per- 
formance. When  these  conditions  are  found  and  the 
difference  in  the  fuel-consumption  is  measured,  the  re- 
sults are  applicable  to  service  conditions  by  determining 
through  actual  road-tests,  or  other  means,  how  often 
these  conditions  occur  in  ordinary  driving.  As  an  exam- 
ple, suppose  one  of  the  fuels  required  a  richer  mixture 
than  another  only  during  starting  cold  and  accelerating 
to  normal  speed.  If  this  richer  mixture  were  obtained 
through  the  use  of  the  choke  and  the  carbureter  adjust- 
ment were  not  changed,  the  difference  in  the  fuel-con- 
sumption would  depend  principally  on  the  amount  of 
cold-starting  and  acceleration  included  in  the  ordinary 
day's  driving  under  cold-weather  conditions. 

A  definite  program  for  road  tests  under  winter  con- 
ditions has  not  been  formulated  as  yet,  because  the  de- 
tails of  this  program  will  be  influenced  largely  by  the 
results  obtained  from  the  laboratory  work. 

THE   DISCUSSION 

R.  E.  Carlson: — The  paper,  as  read,  covers  the  work 
under  summer  conditions  and  states  briefly  the  purpose 
of  the  work  under  winter  conditions.  This  winter  pro- 
gram will  be  supplemented  by  such  road  tests  as  are 
required,  the  details  of  these  road  tests  being  dependent 
largely  on  the  results  obtained  from  the  laboratory  work 
under  winter  conditions.  Fig.  11  is  a  schematic  diagram 
of  the  arrangement  of  the  apparatus  for  the  laboratory 
tests. 

We  have  made  a  very  large  number  of  tests  in  the 
laboratory  under  various  conditions  of  load  and  tem- 
perature. We  have  also  made  a  number  of  acceleration 
tests. 

The  curve  at  the  left  of  Fig.  12  shows  the  comparison 
of  the  four  fuels  at  a  jacket  temperature  of  85  deg.  cent. 
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Used  in  the  Low-Temperature  Laboratory  Tests 
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W  IJ  17  U 

Mixhjre-Rariojb.of  air  per  lb.  of  fuel 

Fig.   14 — Curve  Showing  the  Relation  between  the  Indicated 
Horsepower  and  the  Mixture-Ratio 

(185  deg.  fahr.),  air  temperature  65  deg.  cent.  (149  deg. 
fahr.)  and  load  of  3  b.  hp.  at  600  r.p.m.  It  will  be  noted 
that  the  points  for  the  four  fuels  fall  closely  together  at 
the  lower  portion  of  the  curve,  which  represents  normal 
operation  so  far  as  fuel-consumption  is  concerned. 

The  central  curve  gives  the  same  comparison  with  the 
same  brake-load,  but  at  a  jacket  temperature  of  minus 
10  deg.  cent.  (14  deg.  fahr.)  and  air  temperature  of 
65  deg.  cent.  (149  deg.  fahr.).  The  curve  at  the  right 
gives  the  same  information  at  a  jacket  temperature  of 
10  deg.  cent.  (50  deg.  fahr.)  and  air  temperature  of 
minus  15  deg.  cent.  (5  deg.  fahr.).  It  can  be  seen  from 
these  curves  that  there  is  practically  no  difference  be- 
tween the  four  fuels  under  conditions  of  constant  load 
and  constant  speed. 

Fig.  13  is  interesting  because  it  brings  out  the  fact 
that  it  is  possible  to  run  a  very  much  richer  mixture 
under  cold-temperature  conditions.  The  crosses  repre- 
sent readings  taken  under  normal  temperature  conditions, 
the  jacket  at  85  deg.  cent.  (185  deg.  fahr.)  and  the  air 
temperature  at  65  deg.  cent.  (149  deg.  fahr.).  The 
circles  represent  readings  taken  with  the  jacket  at  10 
deg.  cent.  (50  deg.  fahr.)  and  the  air  temperature  at 
minus  15  deg.  cent.   (5  deg!  fahr.). 
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From  Fig.  14,  it  will  be  noted  that  the  power  curve 
is  very  flat  over  a  considerable  range  of  mixture  varia- 
tion. This  curve  perhaps  will  make  more  clear  the 
difficulty  experienced  in  attempting  to  obtain  the  opti- 
mum carbureter-setting  under  summer  conditions  inas- 
much as  this  power  curve,  which  was  obtained  from 
laboratory  teste,  was  taken  with  the  jacket  at  85  deg. 
cent.  (185  deg.  fahr.)  and  air  temperature  at  65  deg. 
cent.   (149  deg.  fahr.). 

Mr.  James,  under  whose  supervision  this  work  has 
been  carried  on,  and  from  the  standpoint  of  the  Bureau 
of  Standards  deserves  the  credit  for  the  conception  of 
this  work,  will  discuss  some  points  that  are  of  interest 
in  connection  with  the  dew-point  temperatures  of  these 
four  fuels. 

W.  S.  James: — The  point  I  would  like  to  make  can  be 
illustrated  by  an  example.  Suppose  the  people  on  Mars 
wanted  to  know  the  temperature  of  the  Earth,  and  sent 
a  man  to  find  out.  Suppose  he  landed  at  the  north  pole, 
went  back  and  reported  that  the  Earth  was  cold.  Sup- 
pose another  Martian  was  sent  out  and  that  he  landed 
at  the  south  pole.  He  also  would  report  that  the  tem- 
perature of  the  Earth  was  cold.  The  people  on  Mars 
might  reason  that,  as  the  two  extremes  of  the  Earth 
were  cold,  the  whole  Earth  was  cold.  If,  later,  some 
other  Martian  happened  to  land  on  the  Equator,  he  would 
come  back  with  a  different  story,  and  the  people  on  Mars 
would  have  to  revise  their  conclusions  as  to  the  tem- 
perature of  the  Earth.  I  am  wondering  whether  we  are 
not  almost  in  the  same  situation,  when  considering  the 
results  now  available  from  the  winter  work. 

For  instance,  we  tried  to  cover  the  two  extremes. 
The  engine  was  operated  with  jacket  heated  to  85  deg. 
cent.  (185  deg.  fahr.),  and  the  air  entering  the  car- 
bureter to  65  deg.  cent.  (149  deg.  fahr.).  Under  those 
conditions,  reasonably  good  vaporization  would  be  ex- 
pected. Then  the  engine  was  operated  with  the  jacket 
water  at  10  deg.  cent.  (50  deg.  fahr.),  and  the  air  en- 
tering the  carbureter  at  minus  15  deg.  cent.  (5  deg. 
fahr.).  Under  both  conditions,  no  differences  were  found 
among  the  fuels. 

In  going  over  these  results  there  is  an  interpretation 
that  may  be  as  incorrect  as  that  which  the  Martians 
might  have  made  of  the  temperature  of  the  Earth.  Al- 
though there  is  as  yet  insufficient  evidence  to  draw 
definite  conclusions,  there  may  be  a  difference  between 
the  fuels  within  the  range  indicated  between  the  ex- 
tremes mentioned. 

From  an  examination  of  the  dew-points,  as  determined 
by  D.  P.  Barnard,  4th,  when  using  Prof.  R.  E.  Wilson's 
method,  a  15  to  1  mixture  of  Grade-D  fuel  would  be 
dry  at  approximately  46  deg.  cent.  (114.8  deg  fahr.) ; 
and  a  similar  mixture  of  Grade-A  fuel  would  be  dry  at 
9  deg.  cent.  (48.2  deg.  fahr.).  Therefore,  if  the  mani- 
fold temperature  is  above  46  deg.  cent.  (114.8  deg. 
fahr.),  there  can  be  complete  vaporization  of  all  fuels. 

It  is  agreed  generally  that  the  differences  in  economy 
that  are  likely  to  be  obtained  with  several  fuels  are  more 
affected  by  the  distribution  of  the  fuel  to  the  cylinders 
than  by  any  other  factor.  If  the  engine  is  operating 
with  an  intake-manifold  temperature  that  can  give  com- 
plete vaporization,  the  manifold  may  be  distributing 
mainly  gas  or  vapor  in  the  case  of  each  of  the  four 
fuels;  and,  with  manifolds  as  generally  constructed, 
there  is  very  little  doubt  that  there  would  be  little  dif- 
ference in  distribution  among  the  four  fuels.  On  the 
other  hand,  when  running  at  low  temperatures,  the 
intake-manifold  temperature  was  about  minus  13  deg. 
cent.    (8.6    deg.- fahr.)    in  'the   case    of   all   four   fuels. 


Therefore,  it  may  be  that  all  four  fuels  were  practically 
liquid  while   being   distributed   by   the   manifold. 

Since  the  differences  in  the  amount  of  vapor  formed 
respectively  in  the  four  fuels  probably  would  be  rela- 
tively small,  the  differences  in  their  distribution  also 
would  be  small.  However,  the  fact  that  a  manifold 
will  distribute  vapor  alone,  or  liquid  alone,  does  not 
prove  necessarily  that  the  same  manifold  will  distribute 
a  mixture  of  vapor  and  liquid  as  well  as  either  one  alone. 
Whether  this  is  true  or  not,  we  do  not  know.  We  want 
to  emphasize  the  fact  that  this  work  is  incomplete. 
There  is  a  possibility  that,  because  we  have  gone  com- 
pletely from  one  extreme  to  another,  we  have  missed 
the  place  where  the  difference  lies.  From  the  results 
we  have  obtained  so  far,  I  believe  we  cannot  estimate 
very  well  the  magnitude  of  that  difference. 

This  may  also  be  an  explanation  of  the  fact  that  no 
difference  was  found  in  the  operation  of  the  cars  dur- 
ing the  summer  tests.  In  each  case,  and  as  is  general 
in  summer,  the  engine  was  warmed-up;  the  exhaust- 
manifold  was  hot  and  the  air  entering  the  carbureter 
from  the  hot-air  stove  was  probably  about  60  or  65  deg. 
cent.  (140  or  149  deg.  fahr.).  The  work  that  has  been 
done  under  winter  conditions  confirms  the  results  ob- 
tained under  summer  conditions,  and  it  is  rather  hard 
to  predict  at  this  time  what  will  happen  during  the 
warming-up  period  of  fall  and  winter  operation. 

I  think  that  these  considerations  do  not  make  it  im- 
possible to  draw  conclusions  with  regard  to  summer 
operations,  but  they  may  have  an  important  bearing  on 
the  winter  work. 

Dr.  Van  H.  Manning: — Mr.  H.  M.  Crane  has  con- 
tributed very  largely  to  this  work.  He  has  gone  through 
the  process  of  education  that  all  of  us  have  been  through. 
It  took  some  time  to  educate  the  automotive  and  the  oil 
industries  in  regard  to  the  necessity  of  this  program 
that  is  now  under  way.  I  can  recall  that,  in  1920,  com- 
plaints were  being  made  that  the  oil  industry  was  not 
furnishing  the  automotive  industry  the  kind  of  fuel  it 
wanted.  The  subject  came  up  at  our  Chicago  meeting 
as  a  topic  for  discussion.  I  objected  to  the  title  that 
was  submitted  by  the  Society  in  that  it  indicated  that  it 
wanted  to  establish  a  uniform  automotive  fuel.  My  re- 
ply has  been,  and  is  today,  that  the  oil  industry  will 
keep  pace  with  the  automotive  industry.  What  is  needed 
is  cooperation.  We  have  shown  in  this  work  that  it  can 
be  had. 

In  1911,  there  were  750,000  cars  in  use;  today  there 
are  about  12,000,000.  You  have  increased  over  1250 
per  cent  in  your  production  while  the  oil  industry  has 
kept  pace  with  you  with  an  increase  of  only  about  100 
per  cent  in  crude-oil  production.  In  1911,  we  had  315 
bbl.  of  oil  available  for  each  car.  In  1922,  we  had  47 
bbl.  That  is  the  answer  to  the  question  regarding  the 
progress  that  is  being  made  by  both  industries. 

T.  J.  Li'tle,  Jr.: — The  crux  of  the  whole  matter  is  in 
the  summary  of  the  report  in  which  it  is  stated  that  the 
drivers  preferred  the  Grade-B  gasoline,  did  not  particu- 
larly object  to  the  Grade-C,  but  in  most  cases  found  dif- 
ficulty in  using  the  Grade-D  fuel.  I  find  that  to  be  a 
pretty  general  comment  on  the  tests  that  have  been  dis- 
cussed. The  high  crankcase-oil  dilution,  and  other 
things,  have  indicated  the  desirability  of  resuming  the 
test  in  the  winter  months.  If  we  have  to  use  this 
Grade-/)  gasoline  we  may  develop  schemes  to  use  it; 
but,  at  present,  we  do  not  like  it  very  much.  I  think 
that  is  the  consensus  of  opinion  among  engineers. 

I  think  we  have  not  been  told  directly  by  the  oil  in- 
dustry that  it  cannot  produce  a  better  gasoline.     Some 
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oil-refiners  are  not  using  the  cracking  method  for  the 
purpose  of  producing  more  gasoline.  Some  of  them  are 
using  it  to  a  limited  degree.  The  patent  situation,  of 
course,  enters  into  the  matter.  Some  companies  are 
known  simply  as  skimming  companies.  I  wonder  if  the 
oil  companies  are  in  the  position  of  some  manufacturers 
who  are  still  using  obsolete  machinery.  An  uptodate 
manufacturer  scraps  his  old  machinery  every  few  years 
and  buys  the  latest  and  most  improved  type. 

Will  we  have  to  use  this  Grade-D  gasoline?  Is  that 
necessary  to  the  proper  operation  of  the  industry?  We 
do  not  want  to  use  it.  We  wish  the  refiners  would  make 
a  great  effort  to  improve  the  quality.  In  the  automotive 
industry,  we  have  had  some  cases  where  we  decreased  the 
price  and  increased  the  production.  I  wonder  if  that 
is  possible  in  the  oil  industry.  It  seems  to  me  that  is 
what  we  must  know  to  discuss  this  problem  intelligently. 
F.  A.  Howard: — It  is  just  a  dollars-and-cents  question 
with  the  oil  industry  what  the  grade  of  gasoline  is, 
within  the  limits  of  supply.  Aside  from  the  patent  situa- 
tion, the  elements  of  importance  in  cracking  are  the  in- 
vestment and  the  operating  costs. 

It  should  not  be  lost  sight  of  that  cracking  is  no  solu- 
tion of  the  problem  we  are  discussing  now;  that  is,  of 
the  relative  cost  and  value  of  the  Grades-A,  B,  C  and  D 
fuels.  Cracking  merely  produces  what  might  be  de- 
scribed as  a  synthetic  crude-oil.  If  everyone  were  crack- 
ing oil,  there  would  still  be  the  same  production  differ- 
ence and  the  same  price-differential  between  gasolines 
of  Grades  A,  B,  C  and  D;  so,  cracking  is  merely  to  be 
regarded  by  the  automotive  and  the  petroleum  indus- 
tries as,  in  effect,  an  increase  of  the  supply  of  crude,  in 
a  limited  sense. 

Referring  to  the  history  of  this  joint  industry  of  ours, 
the  transportation  of  the  American  public  in  automotive 
vehicles,  I  divide  it  into  three  periods.  The  first  period 
terminated  about  1914.  In  this  there  was  a  constant 
change,  or  "degradation,"  in  the  quality  of  gasoline,  cor- 
responding with  the  increased  demand  for  that  product. 
About  1914,  there  came  a  period  of  organized  resistance 
to  that  change.  In  our  own  territory  on  the  Eastern 
seaboard,  that  first  took  form  in  the  statutes  of 
South  Carolina,  in  which  it  was  attempted  to  fix  the 
specifications  of  motor  gasoline  at  92  per  cent  distilled 
off  at  302  deg.  f ahr. ;  that  is,  an  8-per  cent  residue  above 
302  deg.  fahr.  The  gasoline  that  was  actually  being 
made  on  the  Eastern  seaboard  at  that  time  ran  about 
25-per  cent  residue  at  302  deg.  fahr.  The  Grade-B 
gasoline  of  the  tests  under  consideration  runs  perhaps 
40  per  cent  residue  at  302  deg.  fahr. 

This  period  of  resistance  to  change  in  the  quality 
continued,  and  was  reflected  by  legislation,  as  well  as 
by  more  or  less  unpleasant  relations  between  the  repre- 
sentatives of  the  automotive  and  the  petroleum  indus- 
tries, until  about  3  years  ago.  Then  the  second  period 
began — the  period  of  trying  to  substitute  information 
for  prejudice,  to  find  the  facts;  the  period  of  scientific 
investigation. 

We  have  had  a  movement  that  has  been  almost  like 
the  swing  of  a  pendulum.  It  has  been  increasing  in 
speed.  Our  knowledge,  and  our  efforts  toward  increas- 
ing our  knowledge,  have  been  increasing  at  a  very  rapid 
rate  for  the  past  3  years.  What  I  am  afraid  of  now 
is  another  period  that  I  think  none  of  us  would  like  to 
face.  That  is  another  period  of  resistance  to  change 
based,  this  time,  on  a  limited  amount  of  scientific  knowl- 
edge and  investigation. 

It  seems  to  me  that  a  scientist  or  an  engineer,  in  so  far 
as  he  subscribes  to  the  true  doctrines  of  science,  has  two 


duties  in  the  world;  one  is  to  ascertain  facts  and  the 
other  is  to  preach  the  scientific  spirit  to  everyone  with 
whom  he  comes  into  contact.  That  spirit  can  best  be 
defined  by  the  two  words,  humility  and  tolerance,  an 
abiding  faith  in  one's  own  fallibility  and  a  respect  for 
the  opinions  of  others. 

If  that  is  a  true  definition  of  science,  it  seems  to  me 
that  the  Research  Committee  of  the  Society  has,  up  to 
the  present,  actively  entered  only  half  of  its  field;  and 
the  same  is  true,  I  believe,  of  our  petroleum  research 
organizations.  It  has  very  actively  entered,  with  excel- 
lent results,  the  field  of  really  increasing  our  knowledge 
on  the  subject  in  hand.  It  has,  however,  taken  no  active 
part  in  teaching  the  world  that  everyone,  including  the 
scientists  themselves,  is  fallible  and  that  any  man  who 
is  in  good  faith  trying  to  do  a  good  thing  may  be  right. 
I  am  thinking  of  that  concretely,  as  applied  to  any  at- 
tempts to  determine  and  to  fix,  or  to  impose  upon  others, 
our  ideas  of  what  is  the  correct  quality  of  gasoline  or 
of  lubricating  oil. 

The  petroleum  business  is  a  very  peculiar  one.  We 
like  to  call  ourselves  manufacturers,  and  sometimes  we 
like  to  call  ourselves  chemists;  but  that  is  stretching 
both  terms  pretty  far.  Practically,  what  we  do  is  to  pass 
along  to  the  automotive  industry  something  that  is 
sifted  out  of  a  deposit  that  nature  gave  us.  That  is 
about  all.  We  polish  it  up  a  little  bit;  and  sometimes 
we  wish  we  had  not  polished  it  that  much.  Funda- 
mentally, the  automotive  industry  is  merely  getting  what 
the  Lord  provided  in  the  way  of  natural  crude-oil.  Any 
other  conception  of  a  basic-fuel  industry  would  be 
wrong.  No  fuel  industry  could  exist  that  was  based  on 
anything  that  was  really  a  manufacturing  industry.  I 
think  I  said  once  before  that  the  purpose  of  fuel  is  to 
save  human  labor  and  not  to  represent  an  expenditure 
of  human  labor.  Therefore,  fundamentally,  this  petro- 
leum business  is  a  business  merely  of  passing  along, 
with  as  little  change  as  possible,  what  comes  from  the 
ground. 

Another  aspect  of  this  rather  peculiar  situation  is  that 
the  oil  industry  is  not  built  on  bed-rock.  Both  the  oil 
and  the  automotive  industries  are  built  on  the  shifting 
sand  of  being  able  to  find  from  year  to  year  increasing 
supplies  of  material  that  will  come  out  of  a  hole  in  the 
ground  in  a  liquid  form  so  that  it  can  be  pumped  to  its 
market.  No  one  knows  what  the  future  holds  for  us 
in  that  direction.  It  seems  to  me  that,  considering  all 
of  these  angles  of  our  joint  industries  (they  are  almost 
cooperative  industries  from  a  business  aspect  at  pres- 
ent), we  are  facing  a  situation  that  demands,  more  than 
any  industrial  situation  ever  demanded  in  the  past, 
the  truest  use  of  the  scientific  spirit  that  is,  we 
must  not  only  determine  our  facts,  but  we  must  preach 
to  the  legislators,  to  the  public  and  to  everyone  else, 
that  non-interference,  a  respect  for  the  other  man's 
opinions,  is  the  thing  by  which  they  must  guide  their 
conduct. 

C.  S.  Kegerreis: — Several  factors  must  be  evaluated 
before  the  public  can  use  heavy  fuels  satisfactorily. 
The  following  are  some  relative  data  on  oil  dilution 
when  using  kerosene.  The  oil  was  measured  when  poured 
into  the  crankcase  and  again  on  removal.  In  all  cases 
the  specific  gravity  was  noted.  The  oil  was  composed 
of  50  per  cent  Mobil  B  and  50  per  cent  Mobil  A.  The 
engine  was  operated  under  different  loads,  up  to  50  per 
cent  load,  for  approximately  15  hr.,  during  which  period 
the  mixture-ratio  was  changed  from  lean  to  rich  so  that 
poor  operation  resulted  at  either  extreme.  The  result 
on  kerosene,   which   is  heavier  than   the   Grade-D   fuel, 
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shows  about  0.7-per  cent  dilution  per  hr.  based  on  the 
specific  gravity. 

As  .yet,  we  do  not  know  the  critical  limit  for  dilution; 
that  is,  the  point  where  a  marked  detrimental  effect 
on  the  engine  can  be  noticed.  We  often  hear  gossip 
about  burned-out  bearings  caused  by  oil  dilution;  how- 
ever, actual  evidence  on  these  cases  is  lacking.  To  estab- 
lish this  critical  point  definitely,  more  research  must  be 
conducted  along  this  line  before  the  public  can  use  a 
heavy  fuel. 

The  public  must  use  the  heavy  fuels  soon,  and 
hence  the  automotive  industry  must  develop  car- 
buretion  systems  that  will  prepare  the  fuels  satisfactorily 
for  efficient  combustion.  If  the  petroleum  and  the 
automotive  industries  are  really  to  cooperate  and  sup- 
ply us  with  a  fuel  with  which  good  performance  can  be 
obtained,  I  think  this  must  come  gradually  over  a  period 
of  perhaps  4  or  5  years.  By  improving  the  cars  and 
decreasing  the  volatility  of  the  fuels,  the  public  will  get 
the  same  satisfaction  out  of  the  Grade-D  fuel  as  we  are 
now  obtaining  from  such  a  fuel  as  the  Grade-B  type. 
The  useful  life  of  a  car  is  about  5  years.  The  cars  now 
built,  and  those  to  be  built  during  the  next  few  years, 
will  not  be  too  troublesome  in  starting  or  in  accelera- 
tion and  general  performance. 

I.  K.  Giles: — The  entire  problem  is  an  economic  one, 
not  only  from  the  point  of  view  of  the  oil  refiner,  but 
from  those  of  the  car  builder  and  the  consuming  public. 
The  average  refiner  is  desirous  of  producing  a  satis- 
factory fuel.  He  fully  intends  to  do  so,  but  he  has  to 
have  the  evidence  to  show  what  a  satisfactory  fuel  is. 
Fortunately,  the  various  people  interested  are  now  work- 
ing in  harmony  and  gathering  data  on  what  they  can 
find  out  about  satisfactory  fuels.  As  the  work  goes  on, 
there  will  be  certain  contradictory  results.  Progress 
cannot  be  delayed  by  taking  an  indefinite  amount  of 
time  to  try  to  explain  these  contradictory  results  as  they 
occur;  therefore,  the  final  result  will  have  to  be  a  general 
compromise.  After  the  work  is  "completed"  and  the 
various  interested  parties  have  had  a  chance  to  go  over 
it,  the  final  task  will  be  the  proper  interpretation  by 
competent  people  of  the  results  obtained.  Then  specifica- 
tions should  be  drawn  up  that  will  yield  the  greatest 
possible  satisfaction  to  the  oil  producer,  the  refiner  and 
the  consuming  public. 

0.  C.  Rohde: — My  first  question  is  in  regard  to  the 
effect  of  distribution  through  the  different  cylinders, 
as  it  relates  to  this  problem.  We  know  that  if  we  take 
a  fuel  of  low  volatility  and  have  an  engine  that  gives 
poor  distribution,  our  difficulty  will  be  emphasized;  con- 
versely, if  we  have  a  fuel  of  high  volatility,  it  will  be 
minimized.  In  the  more  exact  investigations,  has  this 
question  been  given  consideration,  and  how  has  it  been 
approached  ? 

My  second  question  has  to  do  particularly  with  the 
winter  work,  where  the  element  of  starting  becomes  a 
factor.  How  much  attention  was  paid  to  the  gap-setting 
of  the  spark-plugs  used  in  these  tests,  so  that  it  would 
be  uniform  and  give  uniform  starting  conditions? 

H.  E.  Pengilly: — I  think  that  the  results  of  this 
test,  when  averaged  as  a  whole,  taking  into  considera- 
tion all  the  variables,  have  shown  the  best  economy  of  the 
Grade-B  gasoline,  which  is  approximately  the  gasoline 
we  are  getting  at  present.  That  is  a  point  in  carbureter 
setting.  In  other  words,  those  conducting  the  tests  were 
familiar  with  the  gasoline  and  probably  set  the  car- 
bureters to  get  the  best  results  out  of  it.  The  design 
of  engines  has  been  based  on  gasoline  of  about  that 
character  for  at  least  2  or  3  years.    In  other  words,  the 


builders  of  the  cars,  knowing  what  fuel  they  had  to  use, 
have  attempted  to  get  the  best  results  possible  from  it. 
Some  car-makers  have  gone  too  far  in  manifold  design 
in  an  attempt  to  handle  heavy  gasoline.  They  would 
like  a  little  heavier  gasoline  to  show  the  best  fuel- 
economy;  whereas,  others  who  have  lagged  behind  in 
this  respect  are  not  satisfied  with  the  gasoline  that  they 
are  getting  today. 

Mr.  Carlson: — With  reference  to  the  question  con- 
cerning distribution,  the  primary  object  of  this  investi- 
gation was  to  obtain  a  comparison  of  the  four  test-fuels 
when  used  in  average  cars.  For  this  reason,  throughout 
the  tests,  we  have  used  the  cars  selected  without  chang- 
ing their  original  equipment.  We  have  made  no  attempt 
to  study  the  effect  of  the  four  fuels  on  distribution  when 
different  manifolds  are  used. 

As  to  spark-gap  setting  for  starting  under  winter 
conditions,  we  have  not  carried  on  starting  tests  to  date. 
Our  work  has  embraced  runs  under  various  load  and 
temperature  conditions,  as  well  as  acceleration  runs. 
We  are  running  crankcase-oil  dilution  tests.  We  expect 
to  run  tests  to  determine  whether  there  is  any  difference 
in  the  four  fuels  with  regard  to  ease  of  starting. 

President  B.  B.  Bachman  : — What  we  are  really  after 
is  to  find  out  what  effect  a  change  in  volatility  would  have 
on  the  gasoline  consumption  of  the  cars  that  are  in  use. 
We  can  expand  the  research  program  to  cover  a  great 
many  interesting  things,  but  that  is  the  fundamental 
question  we  have  been  trying  to  answer.  We  have  some 
12,000,000  cars  in  operation. 

Herbert  Chase: — It  might  be  worth  while  to  give,  in 
connection  with  the  table  of  results,  a  record  of  some 
of  the  characteristics  of  the  engines  that  were  tested. 
If  it  is  not  permissible  to  give  the  names  of  the  builders, 
it  might  at  least  be  possible  to  say  what  kinds  of  mani- 
fold were  employed,  especially  as  to  their  "size"  and  the 
method  of  heating,  and  to  give  some  other  particulars 
about  the  engines  used  in  these  cars  that  will  enable  one 
to  conclude  what  factors  influenced  the  results  obtained. 

President  Bachman: — My  impression  is  that  there 
were  some  restrictions  with  regard  to  the  information 
that  we  could  supply. 

Dr.  H.  C.  Dickinson; — In  that  connection,  those  tests 
were  run  by  10  of  the  companies.  Nine  of  them  turned 
in  their  results  pretty  promptly,  one  company  reported 
recently.  The  work  was  done  as  has  been  outlined;  it 
was  laid-out  by  the  Research  Department  and  the  plans 
were  followed  pretty  generally  as  they  were  laid  out. 
After  the  work  was  completed  we  had  a  conference  with 
representatives  of  each  one  of  the  companies  involved. 
Two  or  three  of  the  companies,  for  reasons  they  thought 
were  good  and  we  had  to  accept,  wished  to  have  no  re- 
sults published  that  would  make  it  possible  to  identify 
the  different  makes  of  car.  The  main  reason  was  that, 
while  they  were  willing  that  any  engineer  should  have 
the  results,  they  were  not  willing  to  throw  them  open 
for  use  by  the  advertising  departments  of  either  their 
own  or  other  companies,  a  reason  that,  perhaps,  is  sound. 

With  reference  to  winter  tests,  the  program  as  laid- 
out  for  the  summer  tests  will  probably  be  carried  out 
in  duplicate  in  February,  1923,  with  slight  modifications. 
Most  of  the  companies  that  ran  the  summer  tests  have 
already  signified  their  willingness  to  repeat  the  opera- 
tion during  the  coldest  part  of  the  year,  and  we  expect 
that  this  work  will  be  begun  as  soon  as  we  can  prevail 
upon  some  of  our  petroleum  friends  to  supply  the  neces- 
sary fuels.  There  seems  to  be  some  little  difficulty  about 
getting  promptly  a  supply  of  the  fuels  we  want  for  the 
purpose. 
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I  WELCOME  very  sincerely  the  invitation  that  gave 
me  the  opportunity  of  being  here  tonight.  Naturally, 
for  personal  reasons,  the  honor  that  it-  carries  is 
keenly  appreciated.  Beyond  that,  I  find  a  deep  source  of 
satisfaction  and  assurance  in  the  thought  that  you  have 
asked  a  railroad  man  to  address  you  during  the  course 
of  your  Society's  annual  meeting,  and,  I  believe,  as  the 
only  speaker  outside  the  ranks  of  your  own  profession. 
May  I  express  the  hope  that  this  will  serve  to  symbolize 
the  idea  that  the  railroad  and  the  motor  vehicle  are  not 
rivals  seeking  to  crowd  each  other  out  of  the  field  of 
patronage,  but  are  agencies  capable  of  developing  side  by 
side  and  of  finding  their  own  broadest  field  in  joining 
resources  for  the  perfecting  and  rounding-out  of  the 
public  service  of  transportation. 

At  the  outset  I  wish  to  express  my  most  sincere  and 
profound  admiration  for  the  magnificent  achievements 
of  the  American  motor  industry.  The  story  of  those 
achievements,  practically  all  wrought  in  the  short  space 
of  20  years,  and  a  large  proportion  of  them  in  less  than 
10,  constitutes  a  record  for  the  marvelously  swift  cre- 
ation of  new  wealth,  capital  and  work,  and  for  the  eleva- 
tion of  the  living  standards  and  ambitions  of  many  mil- 
lions of  people,  which  I  believe  cannot  be  paralleled  in 
history. 

In  making  that  statement,  I  do  not  sacrifice  any  of  the 
pride  I  have  always  felt  in  my  own  calling,  and  in  the 
railroads  as  the  great  arteries  of  the  Nation's  life.  But 
I  am  obliged  to  realize  that  within  two  decades  the 
American  automotive  industry  has  risen  from  practically 
nothing  until  today,  with  all  its  operating  vehicles,  its 
manufacturing  plants,  its  selling  establishments,  its  fuel, 
storage,  service  and  repair-stations,  it  represents,  ac- 
cording to  the  estimates  of  your  organizations,  a  sub- 
stantially greater  investment  of  capital  than  do  the  rail- 
roads and  employs  more  hands,  in  these  respects  out- 
stripping the  growth  of  the  railroads  over  nine  decades. 

Those  are  facts  to  which  none  of  us  should  shut  our 
eyes,  least  of  all  railroad  managers.  They  are  also  facts 
from  which  we  should  be  very  careful  to  avoid  drawing 
dangerously  wrong  conclusions.  One  of  these  conclu- 
sions, which  from  its  novelty  and  spectacular  appeal 
commends  itself  only  too  easily  to  many  people,  is  that 
motor  vehicles  and  concrete  highways  are  destined  to 
erase  the  railroads  from  the  map.  The  truth,  I  believe, 
is  that  they  are  destined  to  add  very  greatly  to  the 
utility  and  efficiency  of  the  railroads  by  rounding-out 
and  completing  the  rail  service,  and  relieving  the  rail- 
roads of  certain  forms  of  service  that  are  burdensome 
and  costly  when  performed  over  fixed  tracks  and  with 
the  necessarily  heavy  equipment  of  the  steam  lines,  but 
can  be  made  attractively  profitable  to  the  loose-footed, 
free-moving  motor  car.  This  is  the  aspect  of  the  matter 
toward  which,  in  my  opinion,  both  the  motor  industry 
and  the  railroads,  in  their  own  true  interests  and  in  the 
interest  of  transportation  progress,  should  endeavor  to 
guide  public  thought  and  discussion. 

Experience  shows  that  radically  new  ways  of  doing 
things  tend  to  create  new  fields  of  their  own  rather  than 
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encroach  greatly  upon  what  is  older.  For  instance,  we 
still  write  letters  and  use  the  mails  in  spite  of  the  tele- 
graph and  telephone ;  we  doubtless  write  far  more  letters 
than  we  would  need  to  write  had  electrical  communication 
not  been  invented  to  add  enormously  to  the  general  vol- 
ume of  business  activity.  We  still  write  with  pens  and 
pencils  in  spite  of  typewriters.  We  still  write  in  long- 
hand notwithstanding  the  seemingly  great  advantages 
of  shorthand.  We  use  pens  dipped  in  ink  in  spite  of 
fountain  pens. 

The  telephone  has  not  wiped  out  the  telegraph,  as 
many  people  thought  it  would.  The  telephone's  chief 
development  and  utility  have  been  in  fields  the  telegraph 
could  never  have  touched.  And  the  telegraph,  on  the 
other  hand,  retains  unchallengeable  superiority  over  the 
telephone  for  many  very  important  purposes,  and  seems 
likely  to  do  so  indefinitely. 

Wireless  telegraphy  has  made  its  own  place  in  a  very 
important  field  of  utility  and  service  where  the  wire 
systems  could  never  have  functioned;  but  in  the  fields 
where  the  wire  telegraph  was  commercially  established, 
the  wireless  has  never  made  measurable  headway.  The 
radio  telephone  seems  to  be  following  a  similar  course 
with  respect  to  the  switchboard  systems  of  telephony. 

To  take  a  different  illustration,  there  are  many  more 
horses  in  the  United  States  at  the  present  time,  the 
census  tells  us,  than  in  1900,  when,  as  you  may  recall, 
prophets  were  busy  proving  how  horses  could  soon  be 
dispensed  with  as  a  result  of  "horseless  carriages." 

Many  other  similar  examples  might  be  given.  They  all 
seem  to  demonstrate  one  general  truth,  which  is  that  the 
human  race,  in  its  march  of  progress,  constantly  accumu- 
lates new  resources  and  facilities;  adopts  the  new  readily 
and  swiftly,  but  rarely  discards,  and  then  only  very 
slowly. 

Motor  Vehicles  and  the  Railroads  Not  Competitors 

So  I  think  it  is  likely  to  be  with  the  motor  vehicle  and 
the  railroad.  The  part  of  the  motor  vehicle,  in  rendering 
transportation  for  hire,  is  not  to  do  what  the  railroad  is 
already  fitted  and  equipped  to  do  with  full  success  and 
satisfaction;  it  is  to  do  what  the  railroad  is  not  able  to 
do  at  all,  or  else  does  only  with  difficulty  and  imperfect 
success. 

Events  to  the  present  time  certainly  bear  out  that 
view.  There  are  now,  it  is  stated,  nearly  12,000,000 
motor  vehicles  in  the  United  States,  all  busily  engaged 
in  producing  transportation  in  enormous  volume.  Yet 
since  1900,  when  the  motor  industry  may  be  regarded 
as  having  its  rise,  the  freight  traffic  on  our  railroads, 
measured  in  tons  and  passengers  carried  one  mile,  nearly 
tripled.  In  the  last  three  years,  the  demands  for  trans- 
portation made  upon  our  railroads  have  exceeded  those 
of  any  previous  era,  and  it  is  common  knowledge  that  the 
question  how  to  increase  the  carrying  capacity  of  the 
railroads  is  the  Nation's  most  pressing  economic  prob- 
lem at  the  present  time. 

We  thus  have  what  superficially  seems  to  be  an  anomaly 
in  the  rise  of  an  immense  new  transportation  agency 
simultaneously  with  unprecedented  demands  upon  the 
services  of  the  older  agency.    The  explanation,  of  course, 
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is  the  very  obvious  fact  that  the  vast  bulk  of  the  trans- 
portation rendered  by  motor  vehicles  is  in  entirely  new 
fields.  It  constitutes  additions  to,  rather  than  substitu- 
tions for,  that  previously  rendered  by  the  railroads.  For 
that  reason,  when  the  new  business  booms  developed,  the 
railroads  felt  the  pressure  almost  as  though  commercial 
motor-transport  did  not  exist.  Indeed,  the  vast  impetus 
to  motor-car  building  in  the  last  few  years  was  one'  of 
the  most  notable  causes  of  the  increased  demand  upon  the 
railroads  for  service.  So  we  have  another  interesting 
situation  in  the  fact  that  the  expansion  of  a  new  agency 
of  transportation  has  actually  added  greatly  to  the  de- 
mands upon  the  old. 

In  discussing  the  relationship  of  motor  transport  to 
the  railroads,  we  necessarily  have  in  mind  the  possi- 
bilities for  the  further  development  of  motor  vehicles  in 
the  field  of  transportation  for  hire.  I  of  course  share 
the  realization  of  railroad  officers,  generally,  that  this 
activity,  although  already  of  important  scope,  is  still  in 
a  state  of  comparative  infancy  and  is  entering  upon  what 
should  be  a  period  of  lusty  and  vigorous  growth.  Never- 
theless I  have  indicated  the  opinion  that  the  resulting 
problems,  as  relating  to  the  railroads,  will  not,  except  in 
secondary  degree,  be  those  of  competition,  but  chiefly 
those  of  coordination. 

For  holding  those  views,  I  have  a  very  simple  reason. 
Such  profits  as  the  railroads  are  able  to  make  at  all  come 
practically  altogether  from  the  mass  transportation  of 
freight  and  passengers  over  at  least  considerable  dis- 
tances; in  other  words,  from  what  we  may  term  the 
"wholesale"  departments  of  transportation.  This  is  just 
the  form  of  service  in  which  experience  shows  that  trucks 
cannot  consistently  earn  real  profits.  On  the  other  hand, 
those  forms  in  which  trucks  can  and  do  make  money  are 
almost  invariably  the  strictly  "retail"  forms,  in  the 
rendering  of  which  railroad  operation  practically  always 
involves  losses,  and  sometimes  very  heavy  ones.  It  is 
very  important  to  note  in  this  connection  that  the  de- 
mands of  modern  large-scale  industry  for  a  constantly 
increasing  volume  of  mass  transportation  are  irresistibly 
compelling  the  railroads  to  adapt  their  motive  power, 
cars,  structures,  terminals  and  operating  methods  more 
and  more  to  the  "wholesale"  forms  of  service  and,  in- 
evitably, less  and  less  to  the  "retail"  forms.  That  sup- 
plies the  keynote  for  any  sound  consideration  of  the  eco- 
nomic coordination  of  rail  and  motor  transport. 

The  question  of  competition  in  reality  seems  seriously 
important  from  only  one  point  of  view,  and  that  is  the 
enlisting  of  the  assistance  of  the  leaders  in  the  automo- 
tive industry  in  discouraging  futile  attempts  at  losing 
forms  of  competition.  Such  experiments  are  harmful  in 
two  ways.  They  reduce  railroad  earnings  while  they  last, 
and  waste  and  dissipate  the  energies  of  truck  operators 
that  might  be  utilized  in  productive  channels.  I  am 
satisfied  that  the  railroads  and  their  patrons  urgently 
need  the  cooperative  services  of  both  motor  trucks  and 
motor  passenger-lines,  and  can,  therefore,  ill  afford  to 
see  these  forms  of  enterprise  go  to  waste  in  fruitless 
and  needless  efforts  at  competition  with  transportation 
agencies  that  are  already  functioning  successfully.  I 
will  endeavor  to  lay  before  you  some  of  the  specific  ways 
in  which  it  seems  to  me  promising  opportunities  lie  for 
bringing  about  a  coordination  of  motor  and  rail  services, 
with  resulting  advantages  to  both,  as  well  as  to  the  using 
public.  Please  consider  my  views  broadly,  as  being  per- 
sonal conclusions  and  not  as  necessarily  representing 
formally  adopted  policies  of  the  railroad  system  with 
which  I  am  associated  or  of  the  railroads  in  general. 

Presumably,  we.  all  agree  that,  as  a  fundamental  to  any 


constructive  approach,  there  must  be  open-mindedness 
on  both  sides.  Automotive  interests  must  cease  to  de- 
fend or  encourage  cut-throat  sporadic  forms  of  competi- 
tion, while  the  railroads  must  be  ready  to  relinquish  to 
the  motor  trucks  and  passenger  buses  those  forms  of 
service  in  which  the  latter  can  clearly  demonstrate 
superiority.  There  are  truck  dealers  who  will  sell  almost 
anyone  a  truck  on  installments,  to  operate  almost  any- 
where, regardless  of  whether  the  venture  is  sound  or  not. 
Such  a  policy,  which  it  is  certainly  within  the  power  of 
the  manufacturing  interests  to  curb  or  correct,  is  neither 
more  nor  le§s  short-sighted  than  that  of  the  unprogressive 
railroad-official  who  blindly  refuses  to  surrender  a  dollar 
of  gross  revenue,  regardless  of  net  results,  on  the  prin- 
ciple that  a  railroad  can  never  afford  to  give  up  anything 
or  recede  from  any  field. 

Opportunity  for  Coordination 

It  seems  to  me  that  one  of  the  most  important  oppor- 
tunities for  useful  and  successful  coordination  of  motor 
and  rail  facilities  may  be  expected  to  lie  in  organizing 
smooth-working  freight  pick-up  delivery  motor-services 
in  the  larger  cities,  for  the  less-than-carload  traffic,  to  be 
operated  in  connection  with  inter-city  hauls  by  rail.  Such 
an  arrangement  would  extend  the  scope  of  rail  transporta- 
tion by  making  it  a  really  complete  service  from  the  prem- 
ises of  the  shipper  to  the  premises  of  the  consignee.  It 
would  allot  to  each  transportation  agency  employed  the 
portion  of  the  service  that  it  is  pre-eminently  fitted  to 
perform;  to  the  truck  the  terminal  work,  and  to  the  rail- 
road the  line-haul.  This  subject  is  of  vital  importance  to 
the  railroads,  their  patrons  and  the  builders  of  motor 
vehicles,  alike.  If  such  a  service  could  be  worked  out 
for  the  larger  centers  of  the  Country  genei-ally,  it  would 
constitute  one  of  the  most  momentous  advances  ever  made 
in  the  handling  of  railroad  traffic,  and  create  an  econom- 
ically sound  market  for  the  product  of  the  motor-truck, 
makers. 

In  approaching  this  question  it  may  be  noted  that  the 
tendency  usually  is  to  dwell  largely  upon  the  possibilities 
of  reducing  the  cost  of  distribution,  through  the  estab- 
lishment of  such  a  system  of  store-door  collection  and  de- 
livery, in  the  sense  of  making  possible  a  structure  of 
through-rates  that  would  be  lower  than  the  combination 
of  the  existing  rail-rates  and  the  present  costs  of  collec- 
tion and  delivery  at  each  end.  It  may  be  doubted  whether 
that  is  really  the  best  "selling-point"  upon  which  the 
automotive  interests  can  focus  attention,  or  whether  it  is 
actually  capable  of  immediate  realization.  It  must  be 
remembered  that  to  inaugurate  a  service  such  as  we  are 
talking  about,  it  will  be  necessary  to  enlist  the  aid  of  con- 
siderable new  capital.  A  service  of  the  character  con- 
templated would  certainly  be  a  vast  improvement  over  the 
haphazard  facilities  for  collection  and  delivery  now  usually 
at  the  disposal  of  shippers  and  consignees  who  do  not  have 
their  own  trucks.  It  would  constitute  a  notable  addition 
to  the  present  service  and  should  be  worth  a  fair  and 
reasonable  price.  It  is  difficult  to  see  upon  what  other 
basis  the  needed  capital  can  be  attracted. 

In  convenience  and  speed  such  a  service  would  lie  mid- 
way between  the  present  ordinary  freight  and  the  ex- 
press. It  would  be  substantially  a  semi-express  service, 
affording  complete  through  transportation,  rendered  by 
a  combination  of  motor  truck  and  freight  train  instead 
of  by  a  combination  of  truck  and  passenger  train.  The 
aggregate  charges  would  of  necessity  have  to  be  adjusted 
in  proper  recognition  of  the  character  of  the  service, 
always  bearing  in  mind  that  new  capital  must  be  at- 
tracted   if    trucks    are   to    be    purchased   and    operated. 
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There  would  be  many  economies  outside  of  the  rates 
themselves.  Among  them  may  be  enumerated  the  greater 
dependability  of  service,  the  reduction  of  losses  in  transit; 
lower  insurance-rates;  greater  ease  in  making  shipping 
arrangements  and  paying  bills;  and  a  reduction  in  the 
time  goods  are  on  the  way,  which  would  amount  to  a  sav- 
ing of  interest  on  idle  capital.  The  shortening  of  the 
time  in  transit  would  also  permit  the  carrying-on  of 
business  with  smaller  stocks,  thus  in  another  way  reduc- 
ing capital  charges. 

In  other  directions  such  a  system  of  collection  and  de- 
livery would  effect  many  savings  which,  although  diffi- 
cult to  measure  exactly,  would  be  nevertheless  real. 
Among  them  may  be  mentioned  the  more  efficient  use 
of  the  public  thoroughfares,  lessening  the  losses  and 
delays  now  incident  to  the  street  congestion  and  crowd- 
ing that  are  so  marked  under  the  present  totally  un- 
organized trucking  methods  in  general  use. 

The  question  arises  whether  a  terminal  trucking  sys- 
tem of  the  kind  under  discussion  should  be  operated  by 
the  railroad  companies  or  by  independent  enterprises 
working  in  cooperation  with  them.  This  matter  would 
require  careful  study  to  be  answered  decisively,  but  in 
the  light  of  present  knowledge  there  appear  to  be  at  least 
two  important  considerations  favoring  independent  oper- 
ation. One  is  that  the  railroad  business  is  already  so 
vastly  complicated  that  it  is  very  debatable  whether  it 
is  desirable  to  add  another  department,  requiring  ex- 
pert knowledge,  to  the  functions  and  duties  of  manage- 
ment. The  other  is  that,  if  identified  with  the  railroads 
in  ownership,  the  trucking  operations  would  be  more 
likely  to  be  subjected  to  hampering  and  restrictive  regu- 
lation than  if  independent. 

Should  there  be  a  single  trucking  agency  in  each  city, 
or  several  more  or  less  competitive?  The  former  seems 
to  be  the  general  rule  in  England,  where,  by  the  way, 
the  collection  and  delivery  system  appears  to  have  been 
working-out  very  successfully.  For  us  I  am  not  certain 
that  the  single  or  unified  agency  scheme  is  the  best. 
Without  committing  myself  definitely,  I  may  say  that 
there  seem  to  be  at  least  some  good  arguments  for  pre- 
serving a  degree  of  competition  and  also  for  maintain- 
ing the  identity,  all  the  way  through,  of  the  services  of 
the  separate  railroad  lines.  That  identity  would  be 
largely  lost  if  every  shipper  and  consignee,  in  a  given 
city,  transacted  all  transportation  business  through  the 
same  local  collection  and  delivery  agency.  On  the  other 
hand,  if  there  were  separate  agencies,  cooperating  with 
each  separate  line  of  railroad,  the  identity  and  individu- 
ality of  the  various  rail  lines,  and  of  their  services, 
would  be  preserved. 

I  presume  that  many  of  you  are  aware  that  this  system 
of  store-door  collection  and  delivery  of  less-than-carload 
freight,  as  part  of  a  through  inter-city  service,  has  al- 
ready been  introduced  in  this  Country.  While  still  func- 
tioning only  in  a  limited  way,  it  may  fairly  be  regarded 
as  past  the  purely  experimental  stage.  Certainly  it 
merits  careful  study  and  consideration  by  the  directing 
minds  in  the  automotive  industry.  It  hardly  need  be 
added  that  the  adaptability  of  freight  containers  to  the 
handling  of  less-than-carload  freight  on  combined  motor 
and  rail  hauls,  should  receive  further  thorough  considera- 
tion, in  connection  with  this  general  subject,  from  the 
viewpoints  of  both  truck  and  railroad  operation. 

Highway-Building  Policy 

Outside  the  large  cities,  much  interest  in  the  coor- 
dination of  rail  and  motor  facilities  centers  upon  the 
possibilities   of  extending  the   use  of  motor   trucks   as 


lateral  feeders  to  the  railroads,  thus  placing  the  farm 
products  of  vast  and  fertile,  but  sparsely  settled,  terri- 
tories into  better  communication  with  the  railroad  lines. 
We  may  as  well  face  the  fact  that  any  very  early  real- 
ization of  such  hopes,  upon  any  considerable  scale,  will 
necessitate  a  change  in  the  policies  now  chiefly  dictating 
the  building  of  our  hard-surfaced  highways.  There  seems 
to  be  a  positive  mania  today  for  building  long-distance 
automobile  and  motor-truck  roads,  whereas  the  more 
urgent  need  is  probably  for  shorter-distance  lateral  high- 
ways, bringing  the  more  remote  villages  and  country- 
side into  better  communication  with  the  larger  towns 
and  railroad  centers.  But  just  now  no  one  seems  to  be 
much  interested  in  a  road  project  unless  it  is  advertised 
to  run  from  ocean  to  ocean  or  Lakes  to  Gulf,  or  to  create 
some  other  new  and  striking  long  red  line  on  the  touring 
maps.  That  appeals  to  the  imagination,  but  it  is  very 
doubtful  whether  it  constitutes,  in  the  majority  of  cases, 
the  best  expenditure  of  the  taxpayers'  money.  This 
same  policy  also  has  an  important  bearing  upon  the  pos- 
sibilities of  extending  motor-bus  service  for  passengers 
into  the  territories  not  already  served  by  railroads  or 
by  interurban  electric  lines.  Our  new  highways,  inviting 
motor  travel,  are  not  being  built  in  those  directions  for 
the  most  part.  Instead,  thousands  of  miles  of  concrete 
and  other  expensive  roadways  have  been  built,  and  are 
under  construction,  paralleling  the  lines  of  the  trunk- 
line  railroads.  These  highways  are  the  great  routes  of 
the  longer  distance  motor  buses.  Their  coming  does  not 
assist  in  giving  transportation  service  to  people  who 
previously  had  none.  To  make  matters  worse,  in  many 
cases,  especially  in  the  Central  West,  the  rail  lines  had 
already  been  paralleled,  years  ago,  by  interurban  trolley- 
lines,  so  that  the  advent  of  the  concrete  road  and  its  bus 
lines  often  simply  provides  a  third  agency  of  transporta- 
tion where  one  would  suffice.  Thus,  with  a  serious  short- 
age of  transportation  for  the  Country  as  a  whole,  we  are 
confronted  with  a  remarkable  excess  of  facilities  in  cer- 
tain instances. 

A  very  striking  case  that  came  to  my  notice  because 
it  developed  in  Pennsylvania  Railroad  territory  involves 
a  town  of  about  40,000  inhabitants,  located  31  miles  from 
a  Middle  Western  city  of  some  400,000  people.  The 
populations  of  and  the  comparatively  long  distance  be- 
tween the  points  make  it  evident  that  the  volume  of 
traffic  could  not  be  extremely  heavy.  Yet  investigation 
shows  that,  analyzing  the  service  in  one  direction  only, 
there  are  86  regularly  scheduled  movements  of  passenger 
vehicles  daily,  including  steam  trains  on  two  railroads, 
cars  and  trains  on  the  electric  lines  and  a  number  of  bus 
lines  of  the  public  highway.  I  suppose  that  none  of  the 
services  is  making,  or  possibly  can  make,  money  under 
such  conditions.  The  railroads,  if  they  consulted  their 
own  interests  only,  would  abandon  their  passenger  trains 
at  once  between  those  points.  Please  observe,  in  con- 
nection with  this  illustration,  that  multiplication  of 
facilities  has  given  to  those  two  comparatively  small  in- 
land centers  a  greater  frequency  of  passenger  service 
than  is  afforded  between  New  York  City  and  Philadel- 
phia, where  the  world's  densest  passenger  traffic,  over  any 
considerable  distance,  is  handled.  Also  observe  that  the 
building  of  the  costly  highway,  which  added  the  buses 
to  the  previously  existing  electric  and  steam  lines,  did 
not  extend  transportation  service  of  any  kind  into  any 
new  territory. 

One  of  the  important  effects  of  building  highly  im- 
proved roads  directly  paralleling  the  main  lines  of  the 
railroad  has  been  to  reduce  the  travel  on  local  accommo- 
dation trains,   operating  over  these  lines,  to   the  point 
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where  they  show  very  serious  losses.  Yet  a  sufficient 
number  of  people  continue  using  these  trains  to  make  it 
evident  that  their  complete  abandonment  would  often  be 
a  genuine  hardship.  We  have  many  cases  of  this  kind 
on  the  Pennsylvania  Railroad  System,  especially  in  the 
Central  West  where,  as  I  have  stated,  mile  after  mile 
of  concrete  and  stone  roads  is  being  built  parallel  to  rail 
lines  already  paralleled  by  trolleys,  while  the  lateral  roads 
into  the  farming  regions  and  more  distant  villages  re- 
main almost  impassable  in  winter.  Such  a  highway- 
improvement  policy  is  a  very  serious  matter  to  the  rail- 
roads and  their  patrons,  and  seems  well  worthy  of  the 
most  careful  attention  of  and  consideration  by  this 
Society. 

Motor  Rail-Cars 

Before  coming  here  tonight  I  was  requested  to  discuss 
the  adaptability  of  motor-driven  rail-cars  to  passenger 
service  on  existing  branch  railroad  lines  of  light  traffic. 
My  reply  must  be  that  the  real  answer  to  this  question 
lies  in  the  hands  of  the  automotive  engineers  themselves. 
The  railroad  with  which  I  am  associated  is  carefully 
studying  every  new  design  brought  out,  as  are  many  of 
the  other  roads.  But  thus  far  the  type  has  not  been 
produced  that  we  can  regard  as  fully  and  satisfactorily 
solving  the  problem.  However,  we  are  proceeding  to 
give  a  practical  try-out  to  a  number  of  cars  of  the  most 
promising  type  yet  produced,  and  other  lines  are  fol- 
lowing a  similar  course. 

I  can  give  briefly  the  specifications  of  what  the  suc- 
cessful gasoline  rail-car  must,  from  the  railroad  man- 
ager's viewpoint,  be  and  do  to  meet  with  reasonable  com- 
pleteness the  needs  of  light  branch-line  traffic.  It  must 
be  capable  of  carrying  from  70  to  80  or  more  passengers, 
with  suitable  baggage,  mail  and  express  space.  It  must 
be  capable  of  a  sustained  speed  on  a  level  track  or  ordi- 
nary grades  of  at  least  40  m.p.h.  It  must  be  reversible 
and  capable  of  operation  from  either  end.  It  is  need- 
less for  me  to  say  that  the  problem  resolves  itself  largely 
into  the  designing  of  an  engine  of  sufficient  power, 
probably  at  least  100  hp.,  with  the  necessary  mechanical 
and  electrical  equipment  that  will  allow  control  from 
either  end  and  movement  in  either  direction.  That 
problem  is  in  the  hands  of  your  profession.  I  have  no 
doubt  that  it  will  be  solved. 

Limits  of  Motor-Vehicle  Service 

There  is  just  one  more  subject  upon  which  I  would 
like  to  touch,  and  that  is  the  limits  of  distance  within 
which  the  motor  truck,  instead  of  acting  Jointly  with 
the  railroad,  may  be  regarded  as  fitted  to  take-over  mer- 
chandise freight  service  in  its  entirety.  In  my  opinion, 
all  freight  service  within  city  and  highly  developed  sub- 
urban areas  should  be  performed  entirely  by  truck,  ex- 
cept those  special  cases  involving  single  pieces  of  such 
great  weight  as  to  necessitate  the  use  of  railroad  equip- 
ment and  roadbed.  Otherwise,  the  railroads  ought  to 
be  relieved  altogether  of  intra-city  business,  so  that  their 
tracks  within  the  municipal  areas  may  be  reserved  en- 
tirely for  the  purposes  for  which  they  were  constructed, 
namely,  the  rendering  of  the  strictly  terminal  service 
required  in  connection  with  the  line-hauls. 

Outside  of  the  strictly  cosmopolitan  districts,  the  ques- 
tion of  determining  the  economic  limits  of  truck  opera- 
tion resolves  itself  into  one  of  determining  the  point  at 
which  the  cheaper  costs  of  truck  service  within  terminal 
zones  begin  to  be  overcome  by  the  greater  efficiency  of 
the  line-haul  by  the  railroad.  The  distance  would  nat- 
urally differ  for  every  center.    It  may  sometime  have  to 


be  designated  more  or  less  arbitrarily,  for  every  cosmo- 
politan district,  by  regulative  authority.  Possibly  a  fair 
average  distance  might  be  25  miles  around  every  large 
city.  Within  a  circle  of  some  such  radius  most  of  the 
less-than-carload  work  can  be  done  more  efficiently  if 
performed  entirely  by  trucks.  Outside  of  it,  the  greater 
efficiency  will  be  obtained  by  the  use  of  trucks  for  col- 
lection or  delivery  and  the  railroad  for  the  intermediate 
line-haul. 

In  this  connection,  as  throwing  some  light  upon  the 
results  of  comparatively  long-distance  motor  freight- 
service,  when  attempted  on  a  considerable  scale,  it  may 
be  of  interest  to  you  to  know  that  out  of  100  to  120 
trucks  now  running  between  New  York  City  and  Phila- 
delphia, only  one  line  has  been  in  business  more  than 
2  years.  The  road  distance  is  about  95  miles.  Trucking 
began  5  or  6  years  ago,  during  the  war-time  congestion 
of  the  railroads,  and  was  for  a  time  sustained  by  the 
abnormal  conditions  then  existing.  The  fact  that  only 
one  of  the  earlier  lines  has  survived  to  the  present  time 
certainly  seems  to  cast  serious  doubt  upon  the  financial 
soundness  of  large  trucking  ventures  over  distances  of 
such  length,  even  when  favored  by  excellent  road  condi- 
tions and  great  density  of  traffic.  In  fact,  so  far  as  we 
have  been  able  to  ascertain,  the  only  reason  trucking 
continues  on  the  present  scale  between  these  two  cities 
is  that  losses  of  capital  are  constantly  being  made  up 
by  people  who  apparently  are  unfamiliar  with  what  is 
entailed. 

If  we  come  to  the  designation  of  what  shall  be  the 
trucking  zones  in  and  about  municipal  areas,  by  regu- 
lation, as  is  certainly  not  impossible,  there  is  a  closely 
related  provision  that  should  on  no  account  be  neglected. 
Whenever  a  certain  zone  is  declared  to  be  truck  terri- 
tory for  less-than-carload  freight,  the  railroads  should 
be  permitted  to  abandon  their  form  of  service  within  it 
entirely.  Otherwise,  the  trucks  will  be  in  a  position  to 
take  the  cream  of  the  traffic,  the  higher  classifications  of 
freight  moving  during  favorable  weather,  and  leave  the 
railroads,  which  cannot  legally  refuse  service,  the 
skimmed  milk,  that  is,  the  lower  classifications  and  all 
the  work  in  the  winter  storms.  Such  an  arrangement  is 
neither  just  nor  conducive  to  good  and  dependable 
service. 

Similarly,  with  passenger  traffic,  where  there  is  not 
enough  to  support  both  rail  and  bus  lines,  does  it  not 
seem  proper  to  determine  which  form  of  service  shall 
be  continued  within  specified  zones  and  which  shall  with- 
draw? When  the  people  permit  the  building  of  hard- 
surface  roads  directly  paralleling  the  established  rail- 
lines,  and  then  permit  and  encourage  the  operation  on 
these  highways  of  bus  lines,  paying  nothing  for  their 
roadway,  and  to  such  an  extent  that  the  revenues  of  ac- 
commodation passenger-trains  do  not  cover  half  the  cost 
of  operation,  should  the  people  of  those  communities 
insist  upon  the  continued  running  of  the  trains?  Does 
it  not  seem  fair  to  call  upon  them  to  decide  which  form 
of  service  they  desire,  and  to  abandon  the  other,  espe- 
cially when  the  railroads  are  being  subjected  to  con- 
stantly increased  taxation  to  help  build  such  highways? 
That  is  a  situation  which  many  railroads  are  facing 
in  different  parts  of  the  Country.  It  will  invariably 
have  the  result  of  bringing  about  a  movement  for  a  gen- 
eral reduction  in  passenger  accommodation-train  service. 

In  discussing  the  motor  truck,  I  have  referred  only  to 
the  less-than-carload  freight  service.  My  views  upon 
trucking  freight  that  is  moving  in  carload  volumes  are 
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THE  author  discusses  commercial-airplane  design  in 
general  terms,  considering  the  subject  under  the 
main  divisions  of  economy,  safety,  speed  and  comfort. 
Under  economy,  mention  is  made  of  possible  reductions 
of  first  cost  by  designing  for  long  life  and  reliability, 
the  effect  of  the  former  on  the  depreciation  allowance 
being  obviously  advantageous.  Airplane  size  is  debated 
also,  the  trend  of  progress  being  seemingly  toward  the 
giant  airplane. 

Safety  is  stated  to  be  dependent  upon  reliability, 
structural  strength,  stability,  control,  fire  prevention 
and  reduction  of  risk  of  injury  to  passengers  in  the 
event  of  a  crash.  Minimizing  the  results  of  a  crash  is 
considered  suggestively. 

Speed  is  governed  almost  solely  by  the  ratio  of  wing 
loading  to  power  loading;  hence,  speed  will  always  be 
kept  as  low  as  possible  without  loss  of  business  to  com- 
peting transportation  enterprises.  Among  desirable 
measures  to  secure  comfort,  adequate  ventilation  and 
the  elimination  of  noise  are  included. 

IT  has  been  a  common  error,  in  discussing  those  tech- 
nical factors  that  enter  into  the  design  of  the  flying 
equipment  for  an  air  line,  to  neglect  the  specific  con- 
ditions under  which  the  equipment  is  to  be  used  and  to 
speak  of  commercial  design  as  though  it  were  a  thing  set 
apart  from  ordinary  aeronautical  engineering  practice 
and  as  though,  furthermore,  it  could  be  treated  as  a  unit 
by  standardized  rules.  Dogmatism  is  always  dangerous, 
and  never  more  so  than  here,  where  the  whole  sum  of 
the  world's  experience,  to  say  nothing  of  that  of  any  indi- 
vidual, would  be  insufficient  to  justify  the  laying  down 
of  iron-clad  specifications  for  successful  design,  even  if 
all  of  the  lessons  of  experience  pointed  in  the  same  direc- 
tion. As  a  matter  of  fact  they  do  not,  and  it  is  hardly 
possible  to  generalize  on  the  merits  and  demerits  of 
specific  details  of  practice.  At  best,  we  can  only  set  forth 
certain  principles  bearing  on  what  a  commercial  airplane 
should  be  able  to  accomplish,  and  say  that  under  some 
particular  conditions  the  compromise  best  satisfying 
those  principles  has  been  attained  in  some  particular 
manner.  The  word  compromise  is  used  advisedly,  for 
nowhere  is  it  more  true  than  in  connection  with  the  de- 
sign of  aircraft  for  commercial  purposes  that  some 
highly  desirable  qualities  find  themselves  placed  in  direct 
contradiction  with  others,  and  that  hardly  any  gain  can 
be  attained  without  some  sacrifice. 

Obviously,  the  first  step  in  deciding  on  the  general 
characteristics  of  an  ideal  commercial  aircraft  is  to  de- 
cide on  the  qualities  of  performance  which  the  finished 
product  should  show.  Obviously  also,  the  first  of  those 
qualities  is  economy.  Air  lines  may  operate  under  very 
grave  handicaps  of  some  sorts,  but  it  is  certain  that  they 
will  not  continue  indefinitely  to  operate  at  a  financial  loss, 
and  it  is  therefore  a  prime  essential  that  the  equipment 
used  should  be  such  that  the  costs  of  operation  will  be 
restricted  to  a  figure  making  it  possible  to  compete  on 
reasonably  equal  terms  with  existing  forms  of  transport. 
The  only  exception  to  the  necessity  for  economy  arises 
in  the  case  where  a  government  subsidy  of  great  liberal- 
ity exists,  a  subsidy  that  amounts  to  a  government  offer 
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to  pay  all  the  bills  and  make  the  operating  company 
independent  of  the  traffic.  Since  it  is  neither  desirable 
nor  possible  that  such  a  condition  should  ever  exist  in  the 
United  States,  it  can  be  wholly  disregarded  in  consider- 
ing design  for  operations  in  this  Country. 

Second  of  the  requirements,  and  indeed  subordinate  to 
no  other  in  importance,  for  it  is  vital,  is  safety.  It  is 
futile  to  blink  at  the  fact  that  the  major  source  of  diffi- 
culty in  securing  increased  patronage  for  air-transporta- 
tion facilities  today  is  the  danger  that  the  lay  imagination 
magnifies  far  beyond  the  reality.  The  elimination  of  the 
gap  between  the  real  and  supposed  risks  of  air  travel  is  a 
problem  in  public  education  and  in  the  dissemination  of 
accurate  information,  but  the  reduction  of  the  real  hazard 
is  a  responsibility  definitely  to  be  shared  by  the  designer 
of  the  airplane  and  by  those  charged  with  its  operation. 

Third  we  may  list  speed,  in  which  air  transport,  like 
most  other  modern  means  of  transport,  finds  its  principal 
justification.  Were  there  no  reason  to  desire  speed,  the 
transcontinental  railroads  would  never  have  been  laid 
down,  and  goods  and  passengers  would  still  be  traveling 
in  sailing  ships  around  Cape  Horn.  Were  there  no  reason 
to  desire  speed,  British  officials  with  business  in  Meso- 
potamia would  still  be  making  the  journey  from  Cairo  to 
Bagdad  by  caravan  instead  of  traveling  by  air  in  fewer 
days  than  the  old  method  would  have  required  weeks. 
Air  transport  is  at  present,  and  is  likely  to  remain,  con- 
siderably more  costly  than  surface  transport,  and  it  can 
only  justify  its  existence  by  demonstrating  a  clear  sav- 
ing of  time  for  a  journey.  The  greater  the  difference  of 
cost  is,  the  greater  the  economy  of  time  must  be. 

The  fourth  and  last  of  these  fundamentals  is  comfort. 
It  may  perhaps  be  said  to  be  less  important  than  the 
others,  but  that  is  very  doubtful,  for  it  is  certain  that 
only  under  the  press  of  the  most  urgent  necessity  will 
passengers  continue  to  travel  in  an  unpleasant  and  fa- 
tiguing manner.  The  whole  development  of  modern  civ- 
ilization has  been  in  the  direction  of  increasing  comfort 
and  convenience,  and  of  converting  the  articles  of  luxury 
of  yesterday  into  the  accepted  necessities  of  today.  Study 
of  commercial  aircraft  of  the  past  and  present  suggests 
that  some  designers  have  started  with  the  idea  that  the 
passenger  requires  nothing  except  to  be  placed  on  board 
of  a  projectile  and  shot  through  space  with  a  maximum 
of  velocity.  The  cases  in  which  the  desire  for  speed  abso- 
lutely overweighs  all  other  considerations  will,  however, 
be  found  few  and  far  between. 

The  relative  importance  of  these  four  qualities,  or 
rather,  to  be  more  exact,  the  quantitative  measures  which 
can  be  considered  as  representing  satisfactory  attainment 
in  respect  to  the  various  qualities,  of  course  differs  with 
the  type  of  service.  This  is  particularly  true  of  speed, 
as  we  can  never  consider  that  permanently  satisfactory 
conditions  have  been  reached  in  respect  to  economy,  com- 
fort or  safety,  particularly  the  last  two.  There  is,  how- 
ever, a  particular  speed  which  is  best  suited  for  each  par- 
ticular service.  Obviously,  to  take  a  concrete  example, 
high  speed  would  be  much  more  necessary  on  the  route 
from  New  York  City  to  San  Francisco,  where  it  is  neces- 
sary to  compete  with  a  highly  developed  express-train 
service  running  24  hr.  each  day,  than  between  New  Or- 
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leans  and  Vera  Cruz,  or  any  other  pair  of  points  simi- 
larly served  only  by  ships  or  by  relatively  slow  overland 
transportation  by  a  circuitous  route.  It  is,  of  course, 
fundamental  that  economy  and  speed  are  in  direct  oppo- 
sition, and  the  natural  desire  of  those  operating  aircraft 
will  therefore  be  to  use  the  lowest  speed  that  suffices  to 
attract  traffic.  Only  by  competition  among  air  lines  them- 
selves will  speeds  be  forced  up  to  levels  materially  above 
those  now  prevailing.  At  present,  it  seems  impracticable 
to  realize  a  commercial  speed  of  more  than  85  m.p.h.  on 
lines  running  without  subsidy,  as  the  costs  of  operation 
at  higher  velocities  than  that  become  prohibitive. 

Economy 

To  obtain  economy  means  to  reduce  the  sum  set  aside 
for  the  repayment  of  the  first  cost,  as  well  as  to  reduce 
the  costs  of  operation.  The  group  of  items  relating  to 
first  cost,  including  depreciation  and  interest  on  the  cap- 
ital tied  up  in  equipment,  can  be  cut  down  by  designing 
for  long  life  and  for  reliability  of  service.  The  effect  of 
long  life  on  the  depreciation  allowance  is  obvious,  and 
reliability  enters  in  because  airplanes  and  powerplants 
designed  for  a  maximum  of  reliability  can  be  kept  con- 
tinuously in  service  without  laying  up  for  overhauling 
and  repairs,  and  the  amount  of  capital  tied  up  in  reserve 
machines  can  thus  be  materially  reduced.  The  differences 
in  this  respect  among  the  companies  now  operating  are 
really  amazing,  the  percentage  of  reserve  airplanes  rang- 
ing from  less  than  100  to  over  300.  Since  the  average 
price  of  a  commercial  airplane  is  from  $2,000  to  $4,000 
per  passenger  carried,  it  is  manifestly  undesirable  to 
keep  three-quarters  of  these  costly  machines  idle  in  the 
hangars. 

The  first  possibility  that  comes  to  mind  in  connection 
with  design  for  durability  is  the  increased  use  of  metal 
construction.  While  there  is  no  question  that  this  is  the 
best  direction  to  pursue  under  some  conditions,  notably 
in  the  tropics,  it  is  not  at  all  certain  that  the  life  of  an 
airplane  for  service  in  temperate  climates  is  increased 
by  the  use  of  metal,  while  the  cost  in  small  lots  indu- 
bitably goes  up.  In  fact,  a  study  of  the  records  of  opera- 
tion suggests  that  the  promotion  of  durability  in  air- 
planes is  almost  entirely  a  matter  of  a  reduction  of  the 
crash  hazard.  The  only  part  of  the  machine  forming  an 
exception  to  this  rule  is  the  fabric,  which  must  of  course 
be  replaced  occasionally,  particularly  if  the  airplane  is 
kept  out  in  the  open.  The  cost  of  maintenance  depends 
more  on  the  general  form  of  the  airplane  than  on  the 
materials  employed,  although  some  materials,  particularly 
the  metallic  ones,  offer  an  advantage  in  being  less  subject 
to  distortion  and  warping  than  others,  and  therefore  re- 
quire less  frequent  realignment.  For  use  in  temperate 
climates  at  present,  considerations  of  economy  on  the 
whole  favor  the  use  of  a  fuselage  either  of  welded  steel- 
tubing  or  of  plywood,  and  a  wing  of  wooden  construction 
with  plywood  or  fabric  covering.  On  grounds  of  economy 
of  maintenance,  wholly  apart  from  the  running  costs,  the 
internally  braced  cantilever-wing  offers  a  distinct  advan- 
tage over  any  externally  braced  form. 

Durability  in  engines  is  of  course  outside  of  the  prov- 
ince of  the  airplane  designer,  except  insofar  as  he  is 
responsible  for  the  choice  of  the  powerplant.  The  recent 
extraordinary  developments  in  increasing  the  effective 
life  of  airplane  engines  have  indicated  the  possibility  of 
largely  reducing  the  economic  importance  of  the  item 
of  depreciation. 

Concerning  economy  of  actual  running  expenses  in  the 
air,  it  is  possible  to  be  much  more  definite.  Fuel  cost  is 
obviously  reduced  by  the  use  of  a  minimum  amount  of 


horsepower  per  passenger.  This  is  attained  only  at  the 
cost  of  sacrifice  of  maximum  speed  and,  as  has  already 
been  pointed  out,  the  extent  to  which  speed  can  safely 
be  sacrificed  will  be  a  function  of  the  nature  of  the  route. 
It  cannot  be  too  strongly  emphasized,  however,  that  for  a 
given  speed  there  is  a  wide  range  of  choice  in  respect  to 
the  general  arrangement  of  the  design  to  be  employed, 
and  the  common  belief  that  certain  types  of  airplane 
possess  a  tremendous  inherent  choice  over  others  in  re- 
spect to  weight-lifting  capacity  is  certainly  erroneous. 
It  happens  that  the  first  machines  which  were  exhibited 
in  this  Country  with  any  idea  of  commercial  use  were 
cantilever  monoplanes  and  there  has  grown  up,  largely  as 
a  result  of  that  priority  of  demonstration,  a  wide-spread 
feeling  that  the  cantilever  monoplane  possesses  distinct 
advantages  over  all  other  types  for  commercial  purposes. 
As  a  matter  of  fact,  a  comparison  of  the  results  obtained 
with  the  machines  operating  on  the  various  air-lines  of 
the  world  shows  very  little  difference  between  the  canti- 
lever monoplanes  and  the  externally  braced  biplanes,  and 
both  of  those  types  are  in  extended  and  successful  use  in 
Europe.  As  a  rule,  the  thick-wing  cantilever-type  has  a 
slight  advantage  in  economy  of  operation  at  moderate 
speeds,  while  machines  with  externally  braced  wings  give 
the  better  results  when  the  operating  speed  is  twice  the 
minimum  or  more,  because  of  the  higher  efficiency  of  thin 
airfoils  at  low  angles  of  attack.  In  general,  it  can  be 
said  that  an  airplane  having  a  maximum  speed  of  100 
m.p.h.  can  carry  18  lb.  per  hp.  and  9  lb.  per  sq.  ft.,  giving 
it  a  landing  speed  of  approximately  50  m.p.h.  and  a  rate 
of  climb  high  enough  for  safety  in  flying  over  reasonably 
smooth  country.  If  40  per  cent  of  the  total  weight  goes 
into  useful  load,  the  pay  load,  making  an  allowance  for 
fuel  for  a  4-hr.  flight  and  for  the  weight  of  one  member 
of  the  crew  for  every  300  hp.,  should  be  roughly  4.5  lb. 
per  hp. ;  this  makes  it  possible  to  carry  one  passenger  for 
every  40  hp.  This  is  approximately  equal  to  the  best 
economy  record  that  has  been  shown  on  any  of  the  Euro- 
pean commercial  airplanes.  The  monoplanes  have  a  dis- 
tinct advantage  over  other  types  in  respect  to  vision,  but 
the  discussion  of  that  point  can  be  postponed  for  treat- 
ment in  connection  with  other  matters  bearing  on  com- 
fort and  convenience. 

Airplane  Size 

The  relative  economy  of  airplanes  of  different  sizes  has 
long  been  a  moot  question,  and  is  one  on  which  violently 
different  opinions  have  been  expressed  by  the  proponents 
of  various  schools  of  design.  It  is  my  belief  that  the  sub- 
ject has  suffered  from  the  excessively  frequent  introduc- 
tion of  the  semi-fallacious  square-cube  law,  and  that  the 
investigations  of  the  theory  of  the  effect  of  size  have 
seldom  given  the  large  airplane  its  due.  Experience 
shows  the  possibility  of  increasing  the  ratio  of  useful 
load  to  total  weight  as  the  size  is  increased,  provided 
only  that  the  weight  is  distributed  along  the  wings  in 
such  a  way  as  to  reduce  the  flying  stresses.  This  is  some- 
times objected  to  in  military  aircraft  for  military  rea- 
sons, but  there  is  no  valid  objection  to  the  use  of  an 
efficient  distribution  of  weight  in  commercial  airplanes 
unless  the  powerplants  are  placed  in  inaccessible  locations 
in  an  endeavor  to  distribute  their  weight.  The  ideal  for 
the  airplane  of  gi-eat  size  appears  to  be  the  cantilever 
monoplane  with  the  engines  arranged  in  two,  three  or 
four  groups  along  the  span  of  a  supporting  surface  thick 
enough  to  permit  a  mechanic  to  pass  inside  of  it  from  one 
powerplant  group  to  another.  The  general  plan  is  that 
of  the  Staaken-built  Zeppelin  monoplane. 

There  is  another  gain  in  percentage  of  pay  load  in  that 
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the  proportion  of  the  useful-load  capacity  which  goes  into 
the  weight  of  the  chew  is  less  in  a  large  airplane  than  in 
a  small  one.  The  weight  of  a  pilot  must  be  allowed  for 
in  any  case,  even  on  a  100-hp.  machine;  a  crew  of  two, 
including  the  pilot,  suffices  for  anything  up  to  1000  hp., 
and  three  men  should  suffice  for  double  that  power.  To 
keep  the  weight  of  the  crew  down  to  0.5  lb.  per  hp.,  at 
least  700  hp.  must  be  used  if  an  assistant  pilot  is  to  be 
carried,  as  is  in  general  wise  practice.  The  very  large  air- 
plane has  the  advantage  not  only  in  improvement  of  the 
weight  ratio  just  noted,  but  also  in  the  larger  amount  of 
space  available  for  the  passengers,  resulting  in  more  com- 
fortable travel;  in  the  greater  safety  which  results  from 
a  multiplication  of  units  and  from  the  installation  of 
radio  and  other  navigating  equipment  which  is  too  heavy 
to  be  carried  in  a  three  or  foui'-passenger  machine. 

The  coming  of  the  giant  airplane  in  commerce  is  pre- 
vented only  by  the  lack  of  public  demand  for  its  services. 
Obviously,  however  great  the  saving  in  unit  cost,  there  is 
no  financial  advantage  in  using  machines  so  large  that 
they  cannot  be  completely  filled.  It  must  be  remembered 
that  the  railroad  has  a  certain  advantage  over  the  air- 
plane in  that  the  railroad's  operating  units  are  made  up 
of  multiple  elements  and  that  cars  can  be  attached  and 
detached  at  will.  To  gain  a  similarly  variable  capacity 
an  air-transport  enterprise  must  either  have  available 
machines  of  different  sizes,  the  choice  among  them  for 
a  given  trip  depending  on  the  amount  of  business,  or  must 
run  small  machines  and  many  of  them,  starting  several 
together  at  each  hour  when  a  departure  is  scheduled  and 
distributing  the  load  among  them  instead  of  carrying  the 
same  total  amount  in  a  single  large  airplane.  The  best 
plan  appears  to  be  to  compromise,  using  machines  of  two 
different  sizes.  One  of  these  sizes  should  be  such  that  a 
single  machine  will  take  care  of  the  normal  traffic  on  a 
single  trip  with  about  10  per  cent  of  the  seats  unoccu- 
pied, while  the  other  should  be  much  smaller  and  held  in 
reserve  to  take  care  of  overflow  demand.  The  usual  prac- 
tice at  present  is  to  run  a  definite  number  of  machines  of 
fixed  size,  and  the  schedule  has  not  been  subject  to  altera- 
tion in  emergencies  except  on  reasonably  long  notice. 
Passages  must  therefore  be  engaged  well  in  advance  to 
make  sure  of  securing  them. 

The  system  works  passably  well  where  the  business  is 
largely  with  tourists,  but  it  will  not  prove  permanently 
satisfactory  for  business  men.  A  service  ample  for  emer- 
gency requirements  must  be  provided,  and  for  similar 
reasons  the  desire  to  use  large  machines  must  not  lead 
to  an  undue  increase  of  the  intervals  between  trips.  One 
of  the  fundamental  advantages  of  airplane  transport  is 
that,  running  relatively  small  units  as  it  does,  it  can  be 
operated  at  much  shorter  intervals  than  can  a  limited- 
train  service,  and  this  advantage  must  not  be  sacrificed. 
It  can  be  laid  down  as  a  general  rule  that,  on  a  popular 
service,  the  spacing  of  departures  should  be  about  30  min. 
for  every  100  miles  of  length  of  route.  The  size  of  ma- 
chine used  should  not  be  increased  beyond  six  or  eight- 
passenger  capacity  until  that  frequency  of  service  has 
been  attained,  but  thereafter  any  additional  requirements 
of  the  traffic  should  be  taken  care  of  by  increasing  the 
size  of  the  unit.  When  we  have  a  route  on  which  there 
is  a  steady  traffic  four  or  five  times  as  large  as  that  which 
now  exists  between  London  and  Paris  there  will  be 
justification  for  the  use  of  airplanes  carrying  30  to  40 
passengers  each,  and  they  are  sure  to  come.  Already,  in 
his  report  to  the  French  Chamber  of  Deputies  on  the 
current  aeronautical  budget,  M.  Bouilloux-Laffont  has 
considered  seriously  the  possibility  of  bringing  into 
service  airplanes  carrying  90  passengers  each  and  has 


given  some  estimated  figures  on  the  probable  operating 
costs  of  such  a  giant,  showing  much  lower  unit-cost  than 
any  present  type.  The  90-passenger  airplane  is  not  by 
any  means  at  hand  at  present,  but  the  trend  of  progress 
is  distinctly  in  that  direction. 

Safety 

Safety  is  dependent  chiefly  on  reliability,  structural 
strength,  stability  and  control,  fire  prevention  and  the 
measures  taken  to  reduce  the  risk  of  injury  to  the  passen- 
gers if  a  crash  should  occur.  Reliability  has  already 
been  mentioned.  It  becomes  of  increasing  importance, 
from  the  safety  point  of  view,  with  increasing  rugged- 
ness  of  the  country  flown  over  and  with  increasing 
landing-speed  of  the  airplanes.  A  high  landing  speed 
makes  it  possible  to  obtain  high  speed  without  an  un- 
reasonable sacrifice  of  economy,  but  it  necessarily  in- 
creases the  danger  in  a  forced  landing.  The  only  possi- 
bility of  using  really  high  wing-loadings,  where  a  single 
powerplant  is  used  or  where  in  general  the  design  is  such 
that  sudden  forced  landings  need  be  considered,  arises 
through  the  application  of  some  variable-lift  device.  It 
is  in  connection  with  commercial  aircraft,  flying  over 
level  country,  where  high  speed  at  an  economical  angle  of 
attack  is  desirable  and  where  great  climbing  ability  is 
not  required,  that  such  mechanisms  as  flap  gears  and 
slotted  wings  are  likely  to  find  their  greatest  usefulness. 
The  total  avoidance  of  forced  landings  is  possible  only 
by  the  use  of  multiple  powerplants.  At  least  three  dis- 
tinct units  must  be  used  to  score  a  real  advance  in  safety. 
The  independence  of  the  units  must,  of  course,  be  abso- 
lutely complete,  extending  to  fuel,  cooling  and  lubrication 
systems.  There  is  no  excuse  in  present  design  for  the 
stoppage  of  one  engine  to  have  an  effect  on  any  other. 

It  is  not  necessary  to  take  up  in  detail  all  of  the  points 
that  contribute  to  safety,  but  there  are  a  few  which  should 
be  emphasized.  To  prevent  fire,  either  in  the  air  or  after 
striking  the  ground  with  violence,  the  fixtures  of  the 
cabin  should  be  made  non-inflammable  so  far  as  possible, 
and  the  gasoline  tanks  should  be  supported  under  the 
wings  or  in  some  other  location  well  away  from  the 
powerplant  and  the  passengers.  It  is  practically  im- 
possible always  to  prevent  smoking  in  the  airplane,  and 
with  the  possibility  that  a  match  may  be  lighted  at  any 
time  by  some  thoughtless  passenger  it  is  hardly  necessary 
to  stress  the  necessity  of  eliminating  gasoline  fumes  and 
lace  curtains  from  inside  the  fuselage.  The  question  of 
structural  strength  need  not  be  dwelt  upon,  for  it  goes 
without  saying  that  structural  strength  should  in  all  cases 
be  sufficient  to  provide  absolute  insurance  against  failure 
in  the  air.  The  methods  of  calculation  now  employed  are 
ample  to  assure  safety  under  the  conditions  of  utilization 
of  commercial  aircraft,  whatever  difficulties  may  arise 
in  connection  with  certain  machines  traveling  at  very 
high  speed  and  being  violently  maneuvered.  The  only 
doubtful  point  at  present  is  the  magnitude  of  the  loads 
to  be  allowed  for,  and  even  these  have  become  fairly  well 
standardized,  although  it  is  my  belief  that  fuselages  and 
rear  wing-trusses  in  commercial  machines  are  in  general 
much  stronger  than  the  front  trusses  of  the  wing  cell 
and  are  therefore  stronger  than  they  need  be. 

Stability  and  control,  treated  as  elements  contributing 
to  safety,  have  attracted  too  little  attention  in  the  past. 
A  large  proportion  of  all  accidents  result  from  defects  in 
those  features,  and  particularly  from  the  liability  of  air- 
planes to  fall  into  a  spin  when  turning  with  insufficient 
power.  There  may  be  some  objection  to  classing  this  as 
a  defect,  since  spinning  is  an  important  factor  in  the 
maneuvering  of  military  aircraft,  but  it  is  certainly  de- 
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sirable  that  commercial  machines  should  be  spin-proof, 
and  if  that  aim  cannot  be  attained  they  should  at  least  be 
free  from  the  danger  of  falling  into  a  spin  without  the 
pilot's  desiring  it  and  substantially  without  warning. 
The  subject  of  stability  is,  of  course,  too  involved  to 
bring  into  a  general  report  of  this  kind,  but  I  firmly  be- 
lieve in  designing  commercial  aircraft  for  a  very  high 
degree  of  longitudinal  stability,  even  at  the  cost  of  some 
sacrifice  in  readiness  of  response  to  the  control.  These 
machines  are  not  built  to  be  stunted,  and  indeed  they  are 
not  strong  enough  to  stand  it.  There  is  no  necessity  for 
sudden  changes  of  attitude  and  there  is  much  to  be  said 
for  designing  so  that  sudden  changes  of  attitude  will  be- 
come impossible.  It  is  not  even  necessary  in  the  com- 
mercial airplane  to  change  the  speed  of  flight  or  the  angle 
of  attack  except  at  long  intervals  or  for  very  short  periods 
while  climbing  or  descending,  and  the  airplane  should 
therefore  be  designed  and  adjusted  to  trim  at  the  one 
particular  speed  of  normal  cruising  and  should  resist 
vigorously  any  attempt  on  the  part  of  the  pilot  to  make  it 
depart  from  that  normal  condition. 

Finally,  at  least  so  far  as  safety  is  concerned,  we  have 
always  to  consider  the  possibility  of  a  crash  and  to 
minimize  its  evil  results.  To  do  that  is  largely  a  matter 
of  the  proper  relative  placing  of  the  component  parts  of 
the  airplane,  arranging  them  so  that  as  much  of  the 
structure  as  possible  will  break  up  before  the  passengers 
strike  the  ground  in  a  bad  accident,  and  so  that  no  heavy 
weight  can  fall  on  the  passengers  or  crew.  There  are 
two  possible  methods  of  accomplishing  this,  the  first  be- 
ing to  place  the  heavy  concentrated  loads  so  that  they 
will  strike  the  ground  first  as  the  airplane  structure 
begins  to  break  up  and  will  absorb  a  large  part  of  the 
energy  of  shock  in  so  doing.  That  is  the  theory  of  the 
conventional  tractor  machine,  and  experience  has  indi- 
cated it  to  be  the  soundest  arrangement  yet  brought  for- 
ward. Certainly  there  is  no  place  in  passenger-transport 
service  for  the  pusher  machine  with  the  engine  behind 
the  passengers.  There  should  be  no  place,  either,  not- 
withstanding the  remarkably  fine  view  which  they  afford, 
for  those  multi-engined  types  in  which  some  of  the 
passengers  are  in  the  extreme  nose  of  the  fuselage;  or 
even  for  the  arrangement  of  a  tractor  machine,  now  em- 
ployed on  several  commercial  types,  with  the  passengers 
directly  behind  the  engine  and  the  pilot  at  the  rear  of 
the  cabin.  It  is  the  first  duty  of  a  designer  to  guard  the 
safety  of  the  passengers,  even  as  it  is  the  first  duty  of 
the  pilot  to  protect  those  entrusted  to  his  care,  and  the 
structure  should  be  arranged  so  as  to  give  them  the 
maximum  of  safety. 

Since  19  crashes  out  of  20  take  the  major  part  of  the 
impact  on  the  nose  of  the  fuselage,  the  obvious  require- 
ment for  safety  is  that  the  passengers  shall  be  placed  as 
far  back  from  the  nose  as  possible.  The  placing  of  the 
pilot  near  the  front  of  the  fuselage  also  improves  his 
field  of  vision  in  those  regions  most  important  for  a 
commercial  machine,  forward  and  downward.  Percent- 
ages of  blind  area  do  not  tell  the  whole  story  of  effective 
vision  by  any  means.  The  pilot  of  a  commercial  airplane 
does  not  need  to  watch  out  for  attack  from  the  rear,  but 
there  should  be  as  little  interference  as  possible  with  his 
view  in  the  directions  where  danger  of  collision  arises. 
The  second  theory  of  design  for  safety  in  crashes  has 
as  its  basis  the  placing  of  the  crew  or  some  of  the  passen- 
gers in  such  a  position  that  they  will  be  shielded  by 
some  element  of  the  airplane  structure  when  striking  the 
ground.  Notable  illustrations  are  found  in  certain  de- 
signs where  the  pilot  is  placed  beside  the  engine.     Al- 


!See  The  Journal,  June.  1922,  p.  469. 


though  the  scheme  is  one  that  has  worked  very  well  in 
some  particular  embodiments  it  cannot  be  considered  as 
generally  efficacious  for  safety  as  the  standard  tractor 
arrangement. 

Speed  and  Comfort 

The  steps  that  must  be  taken  to  secure  speed  have  al- 
ready been  suggested.  I  have  shown,  in  a  paper  entitled 
Airplane  Performance  Formulas,2  that  the  speed  is  gov- 
erned almost  solely  by  the  ratio  of  the  wing  loading  to 
the  power  loading.  An  increase  in  the  speed  therefore 
means  either  an  increase  in  the  wing  loading,  with  a 
resultant  rise  in  the  landing  speed  and  a  loss  of  climb- 
ing power,  both  of  which  mean  decreased  safety,  or  a  de- 
creased power  loading,  which  carries  with  it  a  direct  and 
inevitable  loss  of  economic  efficiency  as  measured  by  pay 
load  per  horsepower.  The  result  is,  as  already  noted  in 
the  introductory  paragraphs,  that  speed  will  always  be 
kept  as  low  as  possible  without  loss  of  business  to  com- 
peting transportation  enterprises  operating  on  the  ground 
or  water.  Over  the  water,  operating  speed  can  be  cut  as 
low  as  70  m.p.h. 

Comfort,  the  fourth  and  last  of  the  general  qualities 
to  be  sought,  calls  with  particular  force  for  discussion 
by  writers,  for  it  has  unfortunately  suffered  from  neglect 
by  the  designers  of  commercial  aircraft  as  a  whole.  Com- 
fort in  its  broadest  sense  means  good  seating  arrange- 
ments, good  ventilation  and  heating  if  weather  conditions 
require  it,  satisfactory  vision  from  the  cabin  and  reason- 
able freedom  from  noise.  Concerning  the  seating  ar- 
rangements, it  is  necessary  only  to  give  warning  against 
excessive  crowding  of  the  seats  and  against  the  use  of 
chairs  turned  so  that  the  passengers  will  be  facing  back- 
ward. Air  transport  must  appeal  to  the  ordinary  traveler. 
A  fair  percentage  of  such  travelers  object  to  riding  back- 
ward in  a  train  and  the  sensation  is  far  more  unpleasant 
in  an  airplane,  particularly  when  diving  for  a  landing. 

The  problem  of  ventilation  has  not  been  solved  at  pres- 
ent. When  operating  in  warm  weather,  it  is  compara- 
tively easy  to  secure  satisfactory  results  simply  by  pro- 
viding windows  that  can  be  opened  although,  even  then, 
some  care  in  their  placing  is  necessary  in  order  that  the 
opening  of  a  window  may  not  start  a  gale  blowing 
through  the  cabin.  The  windows  should  always  slide  and 
not  swing,  and  it  is  advisable  to  have  ventilating  panels 
in  the  top  and  bottom  of  the  cabin,  in  addition  to  the 
side  windows,  so  that  a  current  of  air  of  any  reasonable 
velocity  that  may  be  desired  can  be  forced  through  and 
downward  to  carry  off  the  vitiated  air  that  hangs  near 
the  floor.  When  an  airplane  is  to  be  operated  through 
the  cold  weather,  the  problem  becomes  much  more  acute 
and  has  not  really  been  solved  to  date  except  by  the 
expedient,  in  itself  a  confession  of  failure  of  the  design, 
of  furnishing  Arctic  clothing  to  the  passengers.  There 
should  be  no  serious  difficulty  in  heating  the  cabin  from 
a  stove  on  the  exhaust,  mixing  the  air  taken  In  across  the 
hot  exhaust-pipe  and  that  taken  in  from  the  free  atmos- 
phere in  proportions  controllable  by  the  passengers,  but 
if  this  is  done  it  is  necessary  to  connect  the  stove  on  a 
portion  of  the  exhaust  pipe  which  is  perfectly  seamless. 
The  major  cause  of  the  bitter  complaints  against  the 
ventilation  of  the  cabin  in  some  airplanes  has  been  the 
penetration  of  small  amounts  of  exhaust  fumes  to  the 
interior. 

Elimination  of  Noise 

While  on  the  subject  of  exhaust  disposal  and  exhaust 
heating,  something  may  be  said  of  the  silencing  difficulty, 
for  the  exhaust  is  the  principal  factor  in  noise  produc- 
tion.   While  it  is  perfectly  true,  as  often  suggested,  that 
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if  the  exhaust  were  eliminated  the  propeller  would  still 
make  considerable  noise,  particularly  with  high-speed 
engines,  with  the  propeller  directly  mounted  on  the 
crankshaft,  this  is  no  reason  for  not  trying  to  suppress 
the  exhaust  noise.  If  that  is  eliminated  what  remains 
will  be  much  less  unpleasant  to  the  ears  of  the  passengers 
than  was  the  original  sound. 

The  reduction  of  noise  is  not  a  matter  of  great  diffi- 
culty, far  though  we  are  from  complete  silencing.  It  is 
only  necessary  to  use  a  long  exhaust-pipe  of  ample  sec- 
tion, preferably  somewhat  restricted  at  the  end  and  dis- 
charging well  behind  the  passenger  compartment,  to  re- 
duce the  noise  to  a  point  where  conversation  during 
flight  becomes  practicable.  Having  taken  that  step,  the 
only  other  acoustic  precaution  that  need  be  emphasized 
is  the  necessity  of  avoiding  any  vibration  of  the  structure 
itself  or  any  sounding-board  action  of  the  cabin  walls, 
and  particularly  of  the  front  wall  between  the  cabin  and 
the  powerplant.  From  the  standpoint  of  reduction  of 
high-frequency  structural-vibration  and  so  of  noise,  it  is 
essential  that  the  usual  unsupported  panels  of  sheet 
metal  and  veneer  be  reduced  to  a  minimum.  Where  flat 
fireproof  bulkheads  are  desired  close  to  the  powerplant, 
they  should  be  made  of  asbestos  in  preference  to  metal. 
The  use  of  asbestos  or  other  fibrous  and  non-resilient 
materials  of  somewhat  lighter  weight,   such  as  felt  or 


kapok  fiber,  has  great  possibilities  for  the  deadening  of 
sound  in  the  whole  airplane,  and  the  designer  of  a  com- 
mercial aircraft  should  give  careful  attention  to  the 
possibility  of  backing  up  walls  of  plywood  or  light  metal 
with  felt  or  similar  padding.  It  would  hardly  be  possible 
to  build  a  truly  soundproof  cabin,  but  there  is  nothing 
prohibitive  in  the  use  of  a  design  or  a  method  of  con- 
struction which  will  greatly  reduce  the  noise  penetrating 
into  the  cabin  in  other  ways  than  through  the  open 
windows. 

As  already  noted,  comfort  can  be  liberally  interpreted 
to  include  vision  for  the  passengers,  and  this  depends  in 
part  on  the  window  provision  and  in  part  on  the  general 
layout  of  the  airplane.  It  is  not  difficult  to  secure  reason- 
ably satisfactory  vision,  but  the  view  for  several  passen- 
gers is  much  interfered  with  by  the  wings  in  the  case  of 
a  biplane,  or  of  a  monoplane  with  the  wing  on  the  bot- 
tom of  the  fuselage.  In  this  respect  the  parasol  mono- 
plane has  a  tremendous  advantage  which  alone  may  prove 
a  decisive  factor  in  favor  of  its  use  in  some  cases,  par- 
ticularly when  flying  over  a  country  of  novel  and  strik- 
ing topography,  such  as  the  Netherlands  or  the  Florida 
Keys.  One  of  the  great  attractions  of  air  transport  is 
the  excellence  of  the  view  obtained  of  the  country  over 
which  one  flies,  and  the  designer  should  plan  to  press 
that  advantage  to  the  limit. 


HAND-WORK 


CAREFUL  observation  extending  over  a  considerable 
period  confirms  rather  than  otherwise  the  opinion  that 
in  the  average  engineering  workshop  there  are  still  too  many 
hand-fitting  or  rectifying  operations.  Obviously,  in  connec- 
tion with  some  classes  of  work  a  certain  amount  of  hand- 
work is  unavoidable,  as,  for  example,  in  the  toolroom,  partic- 
ularly in  the  making  of  punches  and  dies.  Even  on  work 
of  this  character,  however,  the  provision  of  a  small  filing- 
machine  will  considerably  reduce  the  amount  of  actual  hand- 
work required. 

In  some  establishments  it  is  still  common  practice  to  mark 
out  castings  for  jigs  and  fixtures  before  milling  and  boring. 
This  procedure  in  the  vast  majority  of  cases  is  entirely  un- 
necessary, particularly  if  discretion  and  care  are  exercised 
in  dimensioning  the  tool  drawings  so  that  the  milling  or  bor- 
ing-machine operator  may  readily  utilize  the  graduated  table- 
feed  dials  for  setting  purposes.  A  further  example  of  tool- 
room work,  where  hand  methods  might  advantageously  be 
superseded  by  machine  work,  is  to  be  found  in  connection 
with  the  making  of  milling  cutters,  broaches  and  similar  ap- 
pliances. More  particularly  in  the  smaller  shops  it  is  by  no 
means  uncommon  to  notice  bench-hands  spending  endless 
hours  filing  the  relief  and  rake  on  the  cutting  teeth  of  tools 
such  as  those  mentioned.  Judicious  use  of  the  relieving 
lathe  and  grinding  machine  would  eliminate  fully  75  per 
cent  of  this  tedious  and  expensive  hand-labor. 

Flat-form  tools  are  a  further  item  upon  which  much  time 
is  wasted  in  most  establishments.  In  this  connection  it  may 
be  taken  as  a  definite  fact  that  by  far  the  greater  proportion 
of  flat-form  tools,  required  for  any  class  of  engineering  pro- 
duction, may  be  completely  finished  by  milling  and  grinding, 
and  hand-work  such  as  filing  and  stoning  may  be  eliminated. 
Such  a  procedure,  of  course,  necessitates  skilled  operators, 
especially  as  regards  grinding,  and  here  again  the  drafting 


room  can  render  valuable  assistance  by  the  intelligent  dimen- 
sioning of  drawings. 

Regarding  ordinary  production  methods  there  are  innumer- 
able instances  in  practically  every  plant  where  the  costs 
are  considerably  in  excess  of  what  they  might  be,  on  account 
of  the  employment  of  an  excessive  amount  of  hand  labor. 
The  "ritual"  of  scraping-in  crankshaft  and  connecting-rod 
bearings  is  to  be  noticed  in  practically  every  establishment, 
and  absorbs  many  hours  of  what  is,  as  a  general  rule,  ex- 
pensive labor.  It  is  very  doubtful  whether  any  scraping-in 
is  necessary.  One  of  the  best-known  automobile  companies 
in  America  dispenses  with  this  practice  entirely,  and  after 
the  preliminary  machining  of  the  bearings,  merely  tightens 
the  bearing  caps  to  the  desired  extent  while  the  engine  is 
being  run-in,  care  being  taken  to  make  sure  that  the  bear- 
ings under  treatment  are  flooded  with  oil,  to  act  as  both  a 
coolant  and  a  lubricant.  If,  however,  a  certain  amount  of 
scraping  is  deemed  essential,  the  operation  can  be  consid- 
erably reduced  as  regards  time  and  expense  if  the  bearings 
in  both  the  crankcase  and  the  connecting-rod  are  broached 
practically  to  size  before  the  scraping  process  is  commenced. 

In  many  plants  it  is  still  the  practice  first  to  mill  the  flat 
faces,  and  the  flat  or  the  semi-circular  ends  of  the  crank- 
shaft webs,  and  then  finish  these  surfaces  by  hand-filing. 
By  employing  a  grinding  machine  in  conjunction  with  a 
special  form  or  cam-controlled  attachment  both  the  semi- 
circular or  the  flat  ends,  together  with  the  flat  sides  of  the 
webs,  can  be  finish-ground  at  one  setting,  and  the  time  taken 
is  about  one-fifth  of  that  required  for  hand-filing. 

Hand-fitting  or  finishing  is  undoubtedly  the  most  expensive 
manufacturing  process  of  all,  and  in  addition  to  high  costs, 
work  produced  by  hand  cannot  possibly  be  on  the  same  inter- 
changeable basis  as  that  produced  by  machine  methods. — 
Engineering  Production   (London). 
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AT  the  Annual  Meeting  of  the  Society  held  last 
month,  a  President;  a  First  Vice-President;  five 
l  Second  Vice-Presidents  and  four  Councilors,  three 
of  whom  were  chosen  for  the  full  term  of  2  years  and 
one  to  serve  for  1  year  only,  were  elected ;  and  the  Treas- 
urer was  reelected.  In  addition  to  these  officers  two  of 
the  three  Councilors  elected  at  the  1922  Annual  Meeting 
and  the  last  Past-President  are  voting  members  of  the 
Council  for  1923.  Such  photographs  of  the  officers  and 
Councilors  as  it  was  possible  to  secure  are  presented  on 
the  following  pages;  and  their  careers  are  outlined  below. 

H.  W.  Alden 

President  Alden  was  born  at  Lynndonville,  Vt.,  Dec. 
20,  1870.  He  received  his  technical  education  at  the 
Massachusetts  Institute  of  Technology,  being  graduated 
from  the  mechanical  engineering  course  in  1893.  For 
the  next  2'years  he  was  associated  with  the  American 
Projectile  Co.,  Lynn,  Mass.,  in  the  capacity  of  engineer. 

His  connection  with  the  automotive  industry  dates  back 
to  1895,  when  he  became  associated  with  the  Pope  Mfg. 
Co.,  Hartford,  Conn.,  as  an  engineer  on  experimental 
work.  When  the  Pope  organization  subsequently  became 
the  Electric  Vehicle  Co.,  Mr.  Alden  retained  his  position 
until  1906.  At  that  time  he  became  chief  engineer  of  the 
Timken  Roller  Bearing  Axle  Co.,  Canton,  Ohio,  and  3 
years  later  helped  to  organize  the  Timken-Detroit  Axle 
Co.,  being  made  its  chief  engineer  and  moving  from 
Canton  to  Detroit.  In  1914  Mr.  Alden  was  elected  vice- 
president  of  this  company  and  last  December  was  made 
chairman  of  the  board  of  directors. 

In  June  1917  he  was  commissioned  a  major  in  the 
Ordnance  Department  and  was  detailed  to  take  charge 
of  the  development  of  tanks.  In  September  of  that  year 
he  sailed  for  France  to  study  tank  warfare  and  cooperate 
with  the  French  and  English  Governments  in  the  de- 
velopment of  tanks.  After  remaining  abroad  for  4 
months  he  returned  to  the  United  States  in  January, 
1918,  to  supervise  the  engineering  work  of  the  program 
that  had  been  worked  out  abroad.  In  February  of  the 
following  year  he  was  discharged  from  the  service  and 
in  July,  1919,  received  the  Distinguished  Service  Medal 
for  representing  the  United  States  Government  in  France 
and  England  on  tank  matters  and  for  the  development  of 
new  tank-designs. 

Mr.  Alden  was  elected  to  Member  grade  in  the  Society 
on  March  15,  1905,  and,  following  the  death  of  the  late 
Henry  F.  Donaldson  in  1912,  served  as  President  of  the 
Society  for  the  latter  half  of  that  year.  He  is  also  a 
member  of  the  Ordnance  Advisory  Committee  of  the  So- 
ciety. He  was  elected  to  membership  in  the  American 
Society  of  Mechanical  Engineers  in  1908. 

Henry  M.  Crane 

First  Vice-President  Crane  was  born  on  June  16,  1874. 
He  received  his  education  in  private  schools,  with  a  final 
year  at  Phillips  Exeter  Academy,  being  graduated  in 
1891.  He  was  graduated  from  Massachusetts  Institute 
of  Technology  in  1895  with  the  degree  of  Bachelor  of 
Science  in  Mechanical  Engineering  and  in  1896  with  a 
similar  degree  in  Electrical  Engineering. 

After  graduating  he  joined  the  laboratory  force  of  the 
American  Telephone  &  Telegraph  Co.  in  Boston  and 
worked  there  2  years.    In  1898  he  was  transferred  to  the 


engineering  department  of  the  Western  Electric  Co.  in 
New  York  City,  where  he  worked  first  on  the  preparation 
of  telephone  switchboard  installation  specifications  and 
later  on  the  development  of  apparatus  and  circuits.  In 
1905  he  left  the  engineering  department  to  become  engi- 
neering assistant  to  H.  B.  Thayer,  general  manager  of 
the  company,  and  the  following  year  resigned  from  the 
company. 

In  1906  Mr.  Crane  organized  the  Crane  &  Whitman  Co. 
in  Bayonne,  N.  J.,  for  the  development  of  gasoline  auto- 
motive machinery  and  especially  motor  cars.  This  com- 
pany later  became  the  Crane  Motor  Car  Co.,  and  in  1914 
was  consolidated  with  the  Simplex  Automobile  Co.  He 
was  president  of  the  Crane  Motor  Car  Co.  and  vice- 
president  of  the  Simplex  Automobile  Co. 

In  1916  the  Wright-Martin  Co.  was  organized  and  ab- 
sorbed the  Simplex  company.  Mr.  Crane  became  vice- 
president  in  charge  of  engineering  and  remained  in  this 
position  after  the  reorganization  of  the  company  as  the 
Wright  Aeronautical  Corporation,  about  Jan.  1,  1920. 
He  resigned  from  the  latter  company  in  March  1920,  and 
for  the  remainder  of  the  year  was  not  engaged  in  any 
regular  business  but  did  some  consulting  work.  During 
the  past  year  he  has  been  engaged  in  the  development  of 
a  new  passenger  car. 

Mr.  Crane  has  taken  a  prominent  part  in  the  work  of 
the  Fuel  Committee  of  the  Society,  and  is  Chairman  of 
its  Research  Committee  and  the  Aeronautical  Division 
of  the  Standards  Committee.  At  the  1920  Annual  Meet- 
ing of  the  Society  he  was  elected  Second  Vice-President 
representing  aeronautic  engineering,  and  was  elected  a 
Councilor  at  the  1922  Annual  Meeting  of  the  Society. 

A.  W.  SCARRATT 

Second  Vice-President  Scarratt,  representing  tractor 
engineering,  was  born  in  St.  Paul,  Minn.,  April  16,  1886. 
He  received  his  early  education  in  the  public  schools 
there.  Later  he  was  graduated  from  the  Mechanic  Arts 
High  School  of  St.  Paul  after  completing  the  engineering 
course.  In  1905  he  was  employed  by  the  Twin  City 
Rapid  Transit  Co.  as  a  draftsman  in  the  mechanical 
engineering  department,  where  he  was  engaged  in  the  de- 
sign of  car  bodies  and  rolling  stock  of  all  kinds  for 
approximately  4x/2  years.  He  was  then  transferred  to 
the  power  and  electrical  department,  where  his  work  con- 
sisted of  powerhouse  layouts  and  reconstruction  work  and 
sub-station  design;  and  was  later  made  assistant  foreman 
at  the  shops  of  the  company.  While  with  this  company 
he  attended  the  University  of  Minnesota  for  3  years. 

In  1913  Mr.  Scarratt  accepted  a  position  in  the  tractor 
engineering  department  of  the  Minneapolis  Steel  &  Ma- 
chinery Co.  He  has  been  prominently  identified  with  the 
development  and  production  of  the  line  of  tractors  built 
by  this  company. 

He  was  elected  to  membership  in  the  Society  in  1915 
and  was  vice-chairman  of  the  Minneapolis  Section  in 
1920.    He  was  elected  a  Councilor  in  1920. 

A.  F.  Masury 

Second  Vice-President  Masury,  representing  motor- 
car engineering,  was  born  at  Danvers,  Mass.,  in  1882. 
He  was  graduated  from  Brown  University  in  1904  with 
the  degree  of  Mechanical  Engineer,  and  became  asso- 
ciated with  the  General  Electric  Co.  at  its  Lynn,  Mass., 
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plant  in  the  building  of  heavy-duty  electrical  machinery. 
The  following  year  marked  the  beginning  of  Mr.  Masury's 
connection  with  the  automotive  industry,  as  at  that  time 
he  was  retained  as  engineer  by  the  Vaughn  Machine  Co., 
Peabody,  -Mass.,  which  was  engaged  in  the  development 
of  two  radically  different  motor-vehicles,  the  Gaselec 
passenger-car  which  had  a  magnetic  clutch,  and  a  steam 
motor-truck  modeled  along  the  lines  of  the  Coulthard 
vehicle  that  was  being  built  in  England  at  that  time. 

In  1907  Mr.  Masury  became  shop  foreman  and  engi- 
neering assistant  for  the  Hewitt  Motor  Co.,  which  at  that 
time  was  building  10-ton  trucks  in  New  York  City.  He 
was  subsequently  sent  to  Brooklyn  to  superintend  the 
construction  at  a  plant  there  and  was  made  assistant 
chief  engineer  of  the  company  in  1908.  When  the  Inter- 
national Motor  Co.  was  formed  by  the  consolidation  of 
the  Hewitt  Motor  Co.,  the  Mack  Bros.  Motor  Car  Co.  and 
the  Saurer  Motor  Co.,  Mr.  Masury  was  made  New  York 
City  service-manager  and  shortly  afterward  was  engaged 
in  the  selling  in  the  New  York  territory  of  the  trucks 
built  by  this  organization.  In  1912  Mr.  Masury  was  ap- 
pointed chief  engineer  of  the  International  Motor  Co., 
and  was  elected  to  serve  as  its  third  Vice-president  in 
1918. 

Mr.  Masury  was  elected  to  Member  Grade  in  the  So- 
ciety in  1908. 

E.  P.  Warner 

Second  Vice-President  Warner,  representing  aeronautic 
engineering,  was  born  in  Pittsburgh,  on  Nov.  9,  1894. 
He  was  educated  at  the  Volkmann  School,  Boston,  and 
after  being  graduated  from  Harvard  University  with  the 
degree  of  Bachelor  of  Arts  in  1916,  attended  the  Massa- 
chusetts Institute  of  Technology,  receiving  the  degree  of 
Bachelor  of  Science  in  1917  and  that  of  Master  of  Science 
in  1919. 

During  the  war  he  was  employed  as  aeronautical  engi- 
neer for  the  Air  Service  in  connection  with  research  and 
also  as  instructor  in  the  military  course  in  aeronautical 
engineering  at  the  Massachusetts  Institute  of  Technology. 
From  January  1919  to  June  1920  Mr.  Warner  served  the 
National  Advisory  Committee  for  Aeronautics  as  chief 
physicist,  directing  aeronautical  research  work  at  Langley 
Field;  and  for  3  months  after  that  time  he  continued 
with  the  Committee  as  acting  technical  assistant  in 
Europe.  Since  the  fall  of  1920  he  has  been  associate 
professor  of  aeronautical  engineering  at  the  Massachu- 
setts Institute  of  Technology. 

He  was  elected  to  Member  grade  in  the  Society  in  1917. 
Professor  Warner  is  also  a  member  of  the  American  So- 
ciety of  Mechanical  Engineers,  the  Society  of  Naval 
Architects  and  Marine  Engineers,  the  American  Physical 
Society,  and  an  associate  fellow  of  the  Royal  Aeronautical 
Society.  He  has  been  sole  or  joint  author  of  about  40 
published  reports  and  papers,  one  of  which,  Airplane  Per- 
formance Formulas,  was  presented  at  the  1922  Semi- 
Annual  Meeting  of  the  Society. 

L.  W.  Witry 

Second  Vice-President  Witry,  representing  stationary 
internal-combustion  engineering,  was  born  at  Waterloo, 
Iowa,  March  28,  1870.  In  1884  he  became  an  apprentice 
in  a  railroad  shop  and  followed  the  machinist's  trade  for 
13  years.  His  experience  in  that  period  covered  all 
branches  of  machine  work  as  it  is  performed  by  rail- 
roads, including  machine  and  erecting  shops,  roundhouse 
work,  valve-setting  and  adjusting  airbrakes. 

Mr.  Witry's  connection  with  the  automotive  industry 
dates  back  to  1897  when  he  became  associated  with  the 


Waterloo  Gas  Engine  Co.,  Waterloo,  Iowa,  as  a  machinist. 
After  serving  in  that  capacity  for  5  months  he  was  placed 
in  charge  of  the  engineering  work  and  of  the  factory  of 
the  company,  subsequently  being  made  a  member  of  the 
firm  and  holding  the  office  of  vice-president  and  chief 
engineer.  When  the  Waterloo  company  was  purchased 
by  Deere  &  Co.  in  March  1918,  Mr.  Witry  was  continued 
as  vice-president  and  chief  engineer  and  has  held  these 
positions  ever  since. 

Mr.  Witry  was  elected  to  Member  grade  in  the  Society 
April  17,  1917. 

E.  J.  Hall 

Second  Vice-President  Hall,  representing  marine  engi- 
neering, was  born  at  San  Jose,  Cal.,  April  30,  1882.  He 
received  his  education  in  the  night  schools  of  San  Fran- 
cisco and  took  a  steam  engineering  course  in  the  Inter- 
national Correspondence  Schools,  becoming  a  steam  engi- 
neer in  the  employ  of  the  irrigation  plants  in  the  Santa 
Clara  valley  at  the  age  of  16.  Subsequently  he  learned 
pattern-making,  foundry  and  machine-shop  practice  in 
the  shops  of  San  Francisco  and  while  in  the  service  of 
the  I.  L.  Burton  Machine  Works  of  that  city  began  the 
design  of  marine  and  hoisting  engines  and  various  kinds 
of  gas  engine. 

In  1902  Mr.  Hall  was  given  a  half  interest  in  the 
Burton  company  and  in  the  following  year  began  build- 
ing hill-climbing  automobile  engines  to  replace  those  in 
the  cars  being  shipped  to  the  Pacific  coast.  This  marks 
the  beginning  of  his  association  with  the  automotive  in- 
dustry, as  he  then  specialized  in  the  production  of  com- 
mercial automobile  engines;  in  1905  he  became  associ- 
ated with  the  Heine-Velox  Co.,  a  builder  of  complete 
automobiles.  The  plants  of  both  this  company  and  the 
Burton  organization  were  destroyed  in  the  earthquake 
and  fire  of  1906  and  Mr.  Hall  took  charge  of  a  large 
mechanical  school.  In  1907  he  became  designer  and 
manager  for  the  Comet  Automobile  Co.  Later  he  opened 
an  independent  repair-shop  and  factory  and  built  a  car 
of  his  own  design  which  bore  the  trade  name  of  the 
Comet.  In  1909  he,  together  with  Bruce  Kennedy,  organ- 
ized the  Hall-Kennedy  Works  and  a  year  later  with  B.  C. 
Scott  organized  the  Hall-Scott  Motor  Car  Co.  to  build 
industrial  locomotives,  gasoline-driven  railroad  coaches, 
interurban  electric-car  bodies  and  automobile  and  avi- 
ation engines.  Since  the  organization  of  this  company 
Mr.  Hall  has  been  first  vice-president  and  factory  man- 
ager. 

In  1913  four  and  eight-cylinder  Hall-Scott  aviation  en- 
gines were  flown  successfully  in  America  and  the  com- 
pany supplied  engines  to  numerous  airplane  companies 
that  were  beginning  to  spring  up  all  over  the  Country 
at  that  time.  Two  years  later  the  company  designed  and 
perfected  a  six-cylinder  aviation  engine  which  was  sold 
to  the  Government  of  the  United  States  and  several  for- 
eign countries,  large  numbers  being  used  by  the  Allies 
in  the  European  War.  Together  with  Past-President 
Vincent,  Mr.  Hall  is  entitled  to  the  credit  for  designing 
the  Liberty  engine,  having  been  invited  in  May  1917  by 
Col.  E.  A.  Deeds  of  the  Aircraft  Production  Board  to 
collaborate  with  Mr.  Vincent  in  the  design  of  a  new  ail- 
American  aviation  engine.  The  part  played  by  both  of 
these  members  in  the  development  of  this  engine  was 
given  in  the  paper  by  Mr.  Vincent  entitled  the  Liberty 
Aircraft  Engine  that  was  presented  at  the  1919  Annual 
Meeting  of  the  Society.  Mr.  Hall  remained  in  the  City 
of  Washington  as  consulting  engineer  for  the  Aircraft 
Production  Board  and  when  the  equipment  division  of 
the   Signal  Corps  was  formed   in   August   1917  he  was 
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placed  in  charge  of  the  production  and  engineering  of 
the  8-  and  12-cylinder  Liberty  engines  and  spent  several 
months  in  organizing  eight  plants  throughout  the  Coun- 
try for  quantity  output. 

He  was  commissioned  major  in  the  Signal  Corps  in 
October  1917  and  in  February  1918  was  asked  to  perfect 
the  construction  of  airplanes  and  equipment  and  speed 
up  the  production  of  the  DeHaviland  and  Bristol  airplanes 
which  were  urgently  needed  at  the  fighting  front.  Major 
Hall  was  promoted  to  the  rank  of  Lieutenant  Colonel  in 
April  1918  and  went  to  France  the  following  July  as  a 
member  of  the  Lockhart  Aviation  Mission  at  the  request 
of  General  Pershing.  After  making  a  complete  report  of 
conditions  at  the  front  he  was  appointed  chief  of  the 
technical  section  of  the  Air  Service  in  France  on  Oct.  17. 
"For  exceptionally  meritorious  and  conspicuous  service 
rendered  in  the  designing  of  the  Liberty  engine  and 
subsequently  in  the  adapting  of  the  LeRnone  engine  to 
the  American  methods  of  production  and  also  in  pushing 
to  completion  the  American  adaptation  of  the  DeHaviland 
plane,"  Mr.  Hall  was  awarded  the  Distinguished  Service 
Medal.  He  was  elected  to  Member  grade  in  the  Society 
on  March  14,  1917. 

W.  A.  Chryst 

Councilor  Chryst  was  born  in  Dayton,  Ohio,  Oct.  21, 
1877.  His  early  education  was  received  in  the  public 
schools  of  his  birthplace  and  also  in  the  night  schools 
conducted  by  the  Young  Men's  Christian  Association. 

In  1892  he  became  associated  with  the  National  Cash 
Register  Co.  and  served  in  various  capacities,  having 
charge  of  one  of  its  inventions  departments  in  1911,  when 
he  became  chief  engineer  of  the  Dayton  Engineering 
Laboratories  Co.  Mr.  Chryst  has  been  engaged  since 
1909  in  the  design  of  electrical  equipment  for  automotive 
purposes,  including  the  earliest  types  of  starting,  light- 
ing and  ignition  apparatus  developed  by  the  Dayton 
company. 

He  was  elected  to  Member  Grade  in  the  Society  on  July 
29,  1912.  Since  January  1917  Mr.  Chryst  has  been  h 
member  of  the  Electrical  Equipment  Division  of  the 
Standards  Committee  and  served  as  one  of  the  Vice- 
Chairmen  of  the  Committee  in  1921. 

F.  W.  GURNEY 

Councilor  Gurney  was  born  April  21,  1867,  at  New 
Braintree,  Mass.,  and  was  educated  at  Oberlin  College, 
being  graduated  therefrom  in  1891  with  the  degree  of 
Bachelor  of  Arts.  After  leaving  college  he  invented  a 
machine  for  turning  out  wooden  bowls  which  were  and 
are  still  being  manufactured  by  the  Gurney  Mfg.  Co.  in 
the  South.  Shortly  after  this  Mr.  Gurney  invented  a 
wood  split  pulley  that  was  also  produced  by  this  com- 
pany. 

His  connection  with  the  automotive  industry  dates  back 
to  the  winter  of  1900  when  he  went  to  Jamestown,  N.  Y. 
The  following  summer  he  became  interested  in  ball  bear- 
ings and  in  the  fall  of  1903  organized  the  Gurney  Ball 
Bearing  Co.,  of  which  he  is  chief  engineer. 

Mr.  Gurney  was  elected  to  Member  grade  in  the  So- 
ciety Sept.  10,  1917. 

A.  J.  Scaife 

Councilor  Scaife  was  born  in  England  in  1875  and  5 
years  later  came  to  America  and  settled  with  his  family 
at  Cleveland.  His  early  education  was  received  in  the 
grammar  and  high  schools  in  the  vicinity  of  Cleveland. 
In  1895  Mr.  Scaife's  business  career  began  as  an  appren- 
tice in  the  toolroom  of  the  A.  L.  Moore  Co.,  Cleveland. 


In  the  fall  of  1897  he  attended  college  and  the  following 
summer  returned  to  the  toolroom  of  the  stamping  depart- 
ment of  the  Cleveland  Machine  Screw  Co.,  which  had 
succeeded  the  Moore  organization. 

In  the  fall  of  1899  he  was  employed  by  the  Parish  & 
Bingham  Co.,  Cleveland,  as  a  toolmaker  and  in  November 
of  the  following  year  entered  the  service  of  the  White 
Sewing  Machine  Co.  as  a  toolmaker  in  its  automobile 
department.  In  the  spring  of  1901  Mr.  Scaife  was  trans- 
ferred to  the  testing  department  and  later  to  the  drawing- 
room  and  experimental  department  where  he  remained 
until  1907  when  the  name  of  the  organization  was 
changed  to  the  White  Co.  For  the  next  7  years  he  was 
employed  in  the  engineering  department  of  the  White 
Co.,  having  charge  of  the  testing  and  carbureter  depart- 
ments and  also  doing  some  development  work.  From 
1918  to  1921  Mr.  Scaife  was  consulting  engineer  for  the 
White  Motor  Co.,  which  was  organized  in  1914  to  succeed 
the  White  Co.  Since  the  fall  of  1921  he  has  been  factory 
service  engineer  in  charge  of  field  service  for  this  com- 
pany. 

Mr.  Scaife  was  elected  an  Associate  of  the  Society  on 
Dec.  23,  1910,  and  was  transferred  to  Member  grade 
Oct.  1,  1911.  He  served  as  a  member  of  the  Truck 
Division  of  the  Standards  Committee  from  1918  to  1921 
inclusive  and  was  Vice-Chairman  of  the  Division  last 
year.  When  the  Cleveland  Section  was  organized  in 
1915  Mr.  Scaife  was  elected  its  first  treasurer  and  was 
chairman  of  the  Section  for  the  year  1916-1917. 

H.  M.  SWETLAND 

Councilor  Swetland,  who  is  also  the  first  charter  mem- 
ber of  the  Society,  was  born  in  Erie  County,  Pa.,  Nov. 
15,  1853.  The  following  year  his  parents  moved  to 
western  New  York  where  he  received  his  education  in  the 
village  school  and  subsequently  taught  the  schools  of 
small  villages  for  10  years,  beginning  in  1871. 

In  1881  Mr.  Swetland  entered  the  publishing  business 
and  3  years  later  became  interested  in  the  steam-engi- 
neering journal,  Power.  A  few  years  later  he  became 
proprietor  of  this  periodical  which  he  published  until  its 
sale  to  John  Hill  in  1902.  At  that  time  he  entered  the 
publishing  field  of  the  automotive  industry.  He  founded 
and  established  The  Automobile,  now  Automotive  Indus- 
tries; and  promoted  Motor  Age,  Motor  World,  The  Com- 
mercial Vehicle,  and  other  publications  in  the  automotive 
field. 

Mr.  Swetland  was  the  first  to  foresee  the  necessity  of 
cooperation  among  the  engineers  in  the  automotive  field 
and  through  his  individual  efforts  the  Society  of  Auto- 
mobile Engineers,  as  it  was  known  at  that  time,  was 
founded  in  1905.  It  was  due  chiefly  to  his  efforts  that 
the  Society  was  promoted  to  sufficient  standing  to  war- 
rant the  selection  of  an  active  head  and  he  was  one  of 
four  to  finance  the  Society  through  its  development 
period.  Since  the  formation  of  the  Society  he  has  served 
continuously  as  Chairman  of  the  Finance  Committee. 

C.  F.  SCOTT 

Councilor  Scott  was  born  at  New  York  City  on  May 
30,  1886.  He  prepared  for  college  at  the  Haverford 
School,  Haverford,  Pa.,  for  4  years,  and  was  graduated 
from  the  mechanical-engineering  course  at  Haverford 
College  in  1908. 

Following  his  graduation  he  entered  the  service  of  the 
Sprague  Electric  Works  in  the  engineering  department. 
After  serving  1  year  as  a  designing  engineer  he  was 
appointed  commercial  engineer  of  electric  motor  and  con- 
trol applications.     He  has  been  identified  with  the  de- 


Vol.   XII 


February,  1923 


No.  2 


F.  W.  GURNEY 


W.  A.  CHRYST 


165 


Vol.   XII 


February,  1923 


No.  2 


l(>(i 


THE  JOURNAL  OF  THE  SOCEETY  OF  AUTOMOTIVE  ENGINEERS 


velopment  and  application  of  the  electric  dynamometer 
almost  from  its  inception  in  1909.  In  connection  with 
his  work  on  dynamometers  Mr.  Scott  specialized  for  some 
years  in  the  adapting  of  the  electric  dynamometer  to 
testing  automobile  engines  by  a  thorough  study  of  the 
internal-combustion  engine.  He  developed  and  installed 
the  first  electric  dynamometer  for  testing  a  complete 
automobile  chassis.  Mr.  Scott  is  now  manager  of  the 
Sprague  Apparatus  Products  Section  of  the  General 
Electric  Co. 

Mr.  Scott  was  elected  to  Junior  grade  in  the  Society 
Oct.  24,  1911,  and  was  transferred  to  Member  grade 
Sept.  11,  1912.  He  was  elected  Chairman  of  the  Metro- 
politan Section  in  1918  and  became  Vice-Chairman  the 
following  year.  He  was  a  member  of  the  Society  Nomi- 
nating Committee,  representing  the  Metropolitan  Section, 
in  1918  and  1919,  and  was  secretary  of  the  Committee  in 
the  latter  year,  and  a  member  at  large  of  the  1920  com- 
mittee. He  has  been  a  member  of  the  Meetings  Com- 
mittee of  the  Society  since  1919  and  served  as  chairman 
of  the  Committee  in  1921  and  1922. 

Lon  R.  Smith 

Councilor  Smith  was  born  at  Brownsburg,  Ind.,  Dec. 
24,  1876.  After  being  graduated  from  high  school,  he 
spent  4  years  at  pattern-making  and  3  more  at  die- 
sinking.  Since  entering  the  service  of  the  Motsinger 
Device  Mfg.  Co.,  Pendleton,  Ind.,  as  superintendent  in 
1903,  Mr.  Smith's  experience  has  been  confined  to  the 
development  of  ignition,  carburetion  and  engines.  In 
1907  he  became  superintendent  of  the  magneto  factory 
of  the  Henricks  Novelty  Co.,  Indianapolis,  and  from  1908 
to  1910  was  a  salesman  for  that  organization. 

In  March  1910  he  was  appointed  Western  representa- 
tive of  the  Eisemann  Magneto  Co.  and  as  such  repre- 
sented it  in  all  of  the  United  States  west  of  Buffalo  with 
the  exception  of  Michigan  and  Wisconsin  until  the  fall 
of  1916.  At  that  time  he  became  sales  manager  of  the 
engine  department  of  the  Buda  Co.,  Harvey,  111.  He  left 
that  company  in  June  1919  to  accept  the  position  of 
vice-president,  directing  sales  and  advertising,  with  the 
Midwest  Engine  Co.,  Indianapolis,  resigning  in  the  fall 
of  1921  when  the  company  was  reorganized. 

Mr.  Smith  was  elected  to  Member  grade  in  the  Society 
on  June  12,  1911,  and  was  Chairman  of  the  Indiana  Sec- 
tion in  1915  and  1916,  and  was  reelected  Chairman  in  the 
spring  of  1921.  He  was  elected  Treasurer  of  the  Mid- 
West  Section  in  1918  and  Vice-Chairman  of  the  Indiana 
Section  in  1922. 

B.  B.  Bachman 

Past-President  Bachman  was  born  Oct.  4,  1886,  edu- 
cated at  grammar  school,  night  school  and  under  a  pri- 
vate tutor,  and  started  his  business  experience  in  1900  as 
a  tracer.  The  next  10  years  were  spent  as  tracer,  detailer 
and  designer  with  the  Enterprise  Mfg.  Co.,  and  the 
Falkenay  Sinclair  Machine  Tool  Co.,  both  of  Philadel- 
phia, and  the  Autocar  Co.,  Ardmore,  Pa.  His  entire  auto- 
mobile experience  has  been  with  the  last-named  company, 
which  was  a  builder  of  passenger  vehicles  until  1912  and 
has  constructed  commercial  vehicles  from  1907  to  date. 
Starting  with  this  company  in  February  1905,  he  became 
assistant  engineer  in  1909  and  engineer  in  1914. 

Mr.  Bachman  was  elected  a  Junior  member  of  the 
Society  in  1910  and  transferred  to  Member  grade  in 
1912.  He  is  a  member  of  the  American  Society  of  Me- 
chanical Engineers,  American  Society  for  Testing  Ma- 
terials and  the  Institution  of  Automobile  Engineers. 
When  the  Pennsylvania  Section  was  organized  he  was 
one  of  the  charter  members  and  served  as  its  first  sec- 


retary. He  was  identified  with  the  work  of  the  Truck 
Standards  Division  in  1911  and  was  Chairman  of  the 
Standards  Committee  from  1918  to  1922.  At  present  he 
is  a  representative  of  the  Society  on  the  American  Engi- 
neering Standards  Committee.  He  was  elected  to  the 
Council  in  1916  and  again  in  1918.  In  1919  he  was  First 
Vice-President  of  the  Society,  and  in  1921  Second  Vice- 
President  representing  motor-car  engineering.  As  a 
member  of  the  Truck  Standards  Division  Mr.  Bachman 
participated  in  the  formulation  of  the  specifications  for 
military  trucks  for  the  Quartermaster  Department,  and 
afterwards  was  engaged  at  irregular  intervals  in  the  de- 
sign of  Class  B  and  Class  A  military  trucks.  In  connec- 
tion with  the  last  named,  he  was  chairman  of  the  com- 
mittee on  design. 

At  the  1913  Annual  Meeting  Mr.  Bachman  presented 
a  paper  entitled  Comparative  Results  with  Solid  and 
Pneumatic  Tires  on  Light  Commercial  Vehicles,  and  at 
the  1914  Annual  Meeting  he  treated  the  subject  of 
Double-Reduction  Live  Axle.  At  the  1919  Motor  Truck 
Meeting  he  gave  an  address  on  Pneumatic  Tires  for 
Trucks. 

Charles  B.  Whittelsey 

Treasurer  Whittelsey  has  been  connected  with  the 
Hartford  Rubber  Works  Co.  since  1901,  beginning  as  its 
purchasing  agent.  In  1905  he  was  made  assistant  to  the 
general  manager,  in  1906  superintendent,  in  1911  secre- 
tary and  factory  manager,  in  1915  vice-president  and 
factory  manager,  and  in  1916  president  and  factory  man- 
ager. He  has  served  as  president  of  the  Hartford  Cham- 
ber of  Commerce  and  of  the  Hartford  County  Manufac- 
turers' Association. 

Mr.  Whittelsey  was  elected  to  Member  grade  in  the  So- 
ciety in  1910.  In  1916  he  was  elected  a  Life  Member. 
He  was  a  member  of  the  Standards  Committee  for  sev- 
eral years,  beginning  in  1911,  and  served  as  chairman 
of  the  Tire  and  Rim  Division  in  1918  and  1919.  Mr. 
Whittelsey  was  a  member  of  the  Council  in  1912  and 
1913,  and  was  elected  Treasurer  in  1918  and  reelected 
each  year  since.  At  the  1912  Annual  Meeting  he  deliv- 
ered a  paper  on  Solid  Motor  Tires,  and  at  the  1915 
Annual  Meeting  presented  a  paper  entitled  the  Pros  and 
Cons  of  Tire  Inflation. 

C.  F.  Clarkson 

Secretary  and  General  Manager  Clarkson  was  born  at 
Des  Moines,  Iowa,  in  1870,  and  was  graduated  from 
Phillips  Exeter  Academy  in  1888.  In  1889  he  was  in 
Government  service  in  the  Post  Office  Department.  He 
was  graduated  from  Harvard  College  in  1894,  pursuing 
post-graduate  work  there  for  the  next  2  years.  He  was 
next  engaged  in  connection  with  the  installation  of  an 
underground  telephone  system  in  Philadelphia  for  2 
years,  after  which  time  he  moved  to  New  York  City  and 
spent  several  years  in  work  on  technical,  legal,  patent, 
laboratory  and  automobile  subjects.  From  1905  to  1910 
he  was  connected  with  the  Association  of  Licensed  Auto- 
mobile Manufacturers,  as  secretary  of  its  Mechanical 
Branch,  publicity  manager  and  assistant  general  man- 
ager. During  this  time  he  was  the  editor  of  the  A.L.A.M. 
Mechanical  Branch  Bulletins  and  of  the  A.L.A.M.  weekly 
digest  of  current  technical  literature. 

Mr.  Clarkson  has  been  Secretary  and  General  Manager 
of  the  Society  of  Automobile  Engineers  and  of  the  So- 
ciety of  Automotive  Engineers  since  1910. 

During  the  war  Mr.  Clarkson  was  associated  with  the 
Council  of  National  Defense,  and  served  as  a  member  of 
the  automotive  products  section  of  the  War  Industries 
Board  and  of  the  International  Aircraft  Standards  Board. 
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IT  has  become,  through  custom,  a  duty  for  your  presi- 
dent to  give  you  at  the  Annual  Meeting  an  account 
of  his  stewardship  for  the  year.  In  many  respects, 
this  is  a  most  difficult  task.  The  opportunities  for  con- 
structive effort  are  legion  but,  unfortunately,  one  cannot 
help  but  feel,  when  a  backward  view  is  taken,  that  most 
of  them  were  allowed  to  pass  by  unnoticed.  Viewed  from 
the  beginning,  a  year  seems  a  reasonably  long  time;  but 
in  retrospect  it  seems  like  the  "tale  that  is  told." 

The  purpose  of  the  Society,  as  outlined  in  the  Constitu- 
tion, "is  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction  of  Automotive 
Apparatus."  There  are  apparently  many  ways  in  which 
this  purpose  can  be  furthered,  but  for  one  reason  or  an- 
other many  of  them  fail  in  practical  application,  although 
they  are  theoretically  most  attractive  and  promising.  It 
is  a  sad  commentary  on  the  vaunted  mental  capacity  of 
humanity  that  progress  is  almost  entirely  a  process  of 
trial  and  error,  and  only  to  a  very  limited  degree  the  re- 
sult of  thorough  analysis. 

Society  Meetings 

Recognizing  this  fact  and  realizing  that  individual  ex- 
perience varies,  as  well  as  the  analysis  of  experience  and 
the  interpretation  of  results,  it  can  be  accepted  that  one 
of  the  most  effective  ways  in  which  we  can  further  our 
object  is  to  provide  for  meetings  in  which  experience  can 
be  related,  facts  reported,  theories  advanced  and,  by  dis- 
cussion and  criticism,  errors  in  deduction  pointed  out  and 
stimulus  given  for  renewed  effort.  It  seems  to  me  that 
such  a  conception  indicates  that  a  large  part  of  the  bene- 
fit to  be  obtained  is  through  the  reaction  of  the  group 
on  the  individual.  It  is  my  belief  that  these  facts  are 
not  so  generally  appreciated  as  they  should  be,  and  it  is 
for  this  reason  that  a  greater  attendance  at  and  par- 
ticipation in  meetings  are  difficult  to  attain.  At  the  same 
time,  we  must  not  lose  sight  of  the  fact  that  there  is  such 
a  multiplicity  of  meetings  that  it  becomes  exceedingly 
difficult  at  times  to  decide  which  should  be  attended  and 
which  may  safely  be  let  go. 

The  meetings  held  during  the  year,  including  the  meet- 
ings of  the  Sections,  have  been  most  diversified  as  to 
topics  and  cannot  have  failed  to  contain  something  of 
value  and  interest  to  anyone  connected  with  the  indus- 
try. In  spite  of  all  this,  there  seems  to  be  a  peculiar 
apathy  on  the  part  of  many  that  results  in  a  small  at- 
tendance at  and  a  limited  participation  in  these  meet- 
ings. The  lack  of  support  on  the  part  of  those  most 
intimately  connected  with  the  engineering  side  of  the 
industry  has  been  the  cause  for  much  concern  to  the 
Meetings  Committee  and  the  Council. 

For  some  years,  there  has  been  talk  of  holding  the 
Annual  Meeting  in  the  Middle  West  on  the  ground  that 
it  is  more  central  for  the  large  proportion  of  the  mem- 
bers. It  is,  of  course,  necessary  to  hold  at  least  the  busi- 
ness meeting  in  the  State  of  New  York,  but  it  is  possible 
that  it  might  be  well  to  have  only  a  single-day's  session 
here  and  then  hold  sessions  at  a  later  date  in  one  of  our 
Western  cities.  The  Meetings  Committee  has  also  ad- 
vanced the  thought  that  an  additional  meeting  in  the 
spring,  to  be  held  in  the  West,  would  be  in  keeping  with 
the  essential  expansion  of  activities  and  afford  an  oppor- 
tunity for  discussion  that,  by  reason  of  the -lack  of  time, 
cannot  be  provided  for  in  either  our  Annual  or  Summer 


Meetings.  This  is  especially  true,  since  the  Summer 
Meeting  in  recent  years  has  come  to  be  devoted  to  a  con- 
siderable extent  to  recreation.  This  fact  has  become  the 
subject  of  adverse  comment  and  criticism  that,  I  think, 
is,  in  large  part,  unfounded.  It  is  to  be  regretted,  how- 
ever, that  we  do  not  have  engineers  participate  in  these 
meetings  to  a  greater  degree.  The  fact  that  technical 
sessions  do  not  fill  the  entire  time  is  no  indication  of  the 
possible  benefit  to  be  derived.  There  are  few,  if  any, 
other  opportunities  during  the  year  to  get  together  for 
private  discussion  and  exchange  of  experience.  It  is  a 
mistaken  conception  that  the  value  of  a  meeting  is  to  be 
measured  by  the  number  of  papers  with  titles  breathing 
importance  and  text  bristling  with  mathematical  symbols. 
Engineering  is  a  vocation  that  has  suffered  too  long 
from  ingrowing  thought.  We  need  to  develop  our  ca- 
pacity for  knowing  each  other  and  our  fellow  men  so 
that  we  may  bring  to  our  work  a  knowledge  of  a  broader 
thought  than  that  which  has  to  do  with  technicality  alone. 

Production  Session 

A  year  ago,  when  I  looked  forward  to  the  work  of  1922 
and  looked  back  on  the  records  of  my  predecessors,  I  was 
hopeful  that  this  administrative  year  would  contain  some 
landmark  that  would  distinguish  it.  I  am  therefore  very 
proud  that,  in  addition  to  the  general  high  character  of 
the  meetings  of  the  year,  it  should  have  been  during  the 
year  1922  that  the  first  Production  Session  of  the  Society 
was  held.  This  pride  is  not  personal,  but  is  a  satisfaction 
felt  in  the  accomplishment  of  the  chairman  and  members 
of  our  Meetings  Committee,  assisted  by  several  of  our 
members  in  Detroit,  who  conceived  this  idea,  and  de- 
veloped and  carried  it  to  such  an  eminently  satisfactory 
conclusion.  The  results  of  that  meeting  were  such  as  to 
stimulate  activity  and  the  thought  of  conducting  more 
meetings  of  this  character  in  the  future. 

There  is,  however,  one  idea  which  arose  as  an  out- 
growth of  this  meeting  that  it  will  be  well  for  all  of  us 
to  stop  and  consider  seriously.  What  I  have  reference 
to  is  the  thought  that  the  success  of  this  meeting  indi- 
cates the  need  for  a  production  engineers'  section.  While 
there  are  many  sound  arguments  in  support  of  this 
proposition,  I  wish  to  submit  for  your  consideration  the 
view  that  division  in  our  work  as  a  society  may  be  un- 
desirable. This  organization  was  originally  the  Society 
of  Automobile  Engineers,  and  when  this  title  was  changed 
to  the  Society  of  Automotive  Engineers,  it  was  not  with 
the  idea  of  producing  a  confederation  of  groups  of  in- 
dividuals, but  to  provide  a  union  in  which  engineers  en- 
gaged in  the  arts  and  industries  founded  on  the  internal- 
combustion  engine  could  cooperate.  Has  this  union  as 
yet  been  completed?  Is  it  not  true  that  the  truck  engi- 
neer scans  our  programs  and,  if  he  does  not  see  titles 
that  he  conceives  to  be  of  direct  interest  in  his  labors, 
refuses  to  attend  particular  meetings?  The  same  is  true 
of  the  engineer  engaged  in  aviation,  marine  engineering 
or  any  of  the  other  classifications.  I  am  convinced  in 
my  own  mind  that  we  should  do  everything  in  our  power 
to  eliminate  this  idea  of  classification.  We  are  all  suffer- 
ing from  the  handicap  of  a  limited  horizon  and  it  is  one 
of  the  prime  functions  of  an  organization  such  as  ours 
to  furnish  a  greater  breadth  of  perspective.  This  cannot 
be  accomplished  by  individualistic  effort. 

The  success  attending  the  Production  Meeting  arouses 
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in  my  mind  the  hope  that  we  shall  in  some  way  find  the 
means  to  bring  the  meetings  dealing  with  the  problems 
of  service  onto  the  same  plane.  Here  again  is  a  field  in 
which  the  engineer  is  most  interested,  whether  his  imme- 
diate activities  be  along  the  lines  of  design,  production, 
sales  or  service.  It  is  my  hope  that  it  will  be  possible 
to  organize  such  meetings  as  definitely  to  convince  in- 
dividuals engaged  in  all  of  these  lines  that  they  cannot 
afford  to  miss  them. 

The  Sections 

While  it  is  unnecessary  to  emphasize  the  value  to  the 
Society  resulting  from  the  activities  of  the  Sections, 
nevertheless  the  proper  organization  and  regulation  of 
the  Sections  to  insure  the  obtaining  of  the  greatest  good 
to  the  greatest  number  has  been  from  the  beginning  and 
continues  to  be  a  most  vexing  problem  in  many  respects. 
The  present  healthy  condition  of  the  Sections  and  the 
valuable  contribution  they  have  made  to  the  Society's 
work  is  a  tribute  to  the  loyalty  and  devotion,  as  well  as 
the  hard  work,  which  the  Sections  Officers  and  Sections 
Committee  have  given. 

The  question  of  financing  the  Sections  to  permit  their 
reasonable  growth  and  furnishing  those  services  to  the 
local  membership  of  the  Society  that  are  desirable  is 
most  difficult.  Up  to  this  time,  it  has  been  impossible 
to  reach  an  agreement  that  complete  support  of  the  Sec- 
tions' activities  should  come  from  the  Society  funds,  al- 
though this  viewpoint  has  been  presented  most  earnestly 
by  several  of  our  Sections  officers.  While  I  appreciate 
the  force  of  the  arguments  that  have  been  advanced  in 
favor  of  this  idea,  I  am  fearful  that  the  adoption  of  such 
a  policy,  attended,  as  it  most  probably  would  be,  with  a 
more  strict  supervision  of  the  Sections'  work  by  the  offi- 
cers or  the  headquarters  staff  of  the  Society,  would  result 
only  in  an  undesirable  restriction  of  the  initiative  of  the 
local  organizations  which  would  inevitably  affect  their 
efficiency  adversely. 

In  short,  it  is  my  belief  that  the  Sections  should  be 
given  the  largest  amount  of  freedom  possible  in  the  con- 
duct of  their  affairs.  This  freedom  of  action,  of  course, 
carries  with  it  certain  responsibilities  and  obligations 
which,  if  accepted  and  faced,  will  result  in  a  stronger 
and  more  effective  organization  than  one  that  is  fostered 
and  supervised  more  closely  by  the  Society. 

Society  Membership 

During  the  past  year,  as  I  reported  to  you  at  the  Sum- 
mer Meeting,  we  have  been  faced  with  the  matter  of  a 
considerable  number  of  resignations,  together  with  the 
necessity  of  dropping  a  number  of  members  due  to  non- 
payment of  dues.  While  it  might  be  considered  that  this 
condition,  in  large  part,  was  due  to  the  unsettled  indus- 
trial conditions,  with  the  consequent  inability  of  a  num- 
ber to  keep  up  their  membership,  it  was  felt  that  it  was 
worthy  of  considerable  study  to  determine  whether  by 
any  chance  a  misunderstanding  on  the  part  of  the  in- 
dividual as  to  the  value  of  the  Society's  work  or  a  lack 
of  proper  service  on  the  part  of  the  Society  to  the  in- 
dividual might  be  responsible. 

To  investigate  this  matter,  Past-President  Beecroft 
was  appointed  chairman  and  given  authority  to  organize 
a  committee.  As  a  result  of  their  study  and  recommen- 
dation a  large  number  of  names  have  been  eliminated 
from  our  rolls  by  resignation  and  removal,  which  num- 
ber approximately  balances  the  new  members  received 
and  leaves  the  total  membership  of  the  Society  at  this 
time  about  where  it  was  a  year  ago. 

While  this   loss  is   regrettable,  the  total   showing,   in 


view  of  the  conditions  we  have  faced,  is  not  altogether 
discouraging.  During  the  past  5  years  we  have  passed 
through  a  period  when  many  men  entered  the  industry 
or  allied  lines  through  war  work  and  joined  the  Society. 
The  subsequent  contraction  affected  many  and  made  it 
necessary  for  them  to  go  into  other  fields  where  they  no 
longer  felt  an  interest  in  our  activities  or  could  not  be 
benefited  by  them.  This  condition  seems  to  have  been 
inevitable  and  natural,  and.  largely  explains  the  member- 
ship losses  mentioned. 

From  the  standpoint  of  numbers  and  the  representative 
character,  the  membership  of  the  Society  is  most  satis- 
factory. If  the  time  ever  existed,  it  has  passed,  when 
we  had  to  approach  prospective  members  on  the  basis  of 
our  need  of  them.  The  development  of  the  organization 
has  produced  a  variety  of  services  and  a  fund  of  experi- 
ence in  doing  things  that  will  provide  something  of  value 
to  any  man,  and  it  is  time  we  all  recognize  this  fact  and 
proceed  to  act  accordingly.  Recognizing  this,  we  must 
still  realize  that  there  are  many  men  who  should  be  mem- 
bers, and  that  not  in  name  only,  but  in  a  most  active  ca- 
pacity. Reference  has  already  been  made  to  the  produc- 
tion engineer  and  the  sei'vice  engineer;  both  should  be 
more  prominent  in  our  membership.  We  could  afford  to 
spend  much  more  time  than  we  do  in  considering  so- 
called  production  and  service  problems.  I  have  never 
been  able  to  understand  the  opinion  that  separates  these 
factors  from  the  field  of  engineering.  Rather,  it  is  to  be 
regretted  that  we  do  not  have  abler  discussions  of  phases 
of  these  subjects  that  are  presented  to  us  from  time  to 
time. 

Classification  of  Members 

In  connection  with  the  matter  of  membership,  there  is 
one  consideration  that  I  believe  merits  careful  thought. 
At  the  business  session  in  June  we  had  considerable  dis- 
cussion on  the  subject  of  classification  in  Member  and 
Associate  grades.  While  I  believe  in  the  essential  sound- 
ness of  the  policy  which  recognizes  that  a  difference  in 
qualifications,  based  upon  training,  experience  and  occu- 
pation, coupled  with  an  active  intei-est  in  the  aims  of 
the  Society,  can  be  provided  for  most  suitably  by  a  division 
of  the  membership  into  classes.  I  am  not  certain  that 
the  present  method  of  classification  is  the  best  possible. 
Furthermore,  I  am  inclined  to  feel  that,  while  this  is  an 
organization  of  engineers,  and  as  such  should  be  con- 
trolled and  managed  by  and  for  engineers,  it  may  be 
wise  to  stop  and  consider  what  in  future  will  be  the  prob- 
lems arising  out  of  a  large  body  of  members  with  no  voice 
in  the  affairs  of  the  Society. 

Time  was  when  the  Associate  had  equal  power  of  suf- 
frage with  the  Member,  and  modification  of  the  constitu- 
tions of  several  of  our  sister  societies  has  instituted  this 
feature  recently.  Whether  such  a  step  is  wise,  is  at  least 
open  to  question,  but  the  fact  remains  that  the  situation 
calls  for  study  and  careful  consideration. 

Research 

The  work  of  the  Research  Department  has  gone  for- 
ward in  a  most  satisfactory  way,  and  the  Committee  and 
the  Manager  are  to  be  congratulated  on  the  manner  in 
which  the  foundations  of  this  work  have  been  laid.  Un- 
doubtedly, you  have  all  noticed  in  recent  months  the  con- 
tributions to  The  Journal  which  have  been  made  by 
the  department;  these  should  become  of  greater  and 
greater  value  as  time  goes  on  and  the  work  becomes  more 
firmly  established. 

One  very  gratifying  result  of  the  activity  of  the  Re- 
search Department  has  been  the  cooperative  investiga- 
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tion,  under  the  auspices  of  the  American  Petroleum  In- 
stitute, the  National  Automobile  Chamber  of  Commerce 
and  the  Society,  conducted  by  the  Bureau  of  Standards 
in  the  matter  of  determining  the  effect  that  a  variation 
in  volatility  of  fuel  has  on  its  general  usefulness  in  ex- 
isting types  of  motor  vehicles.  Some  of  the  results  of 
this  work  have  been  published,  and  more  of  them  will  be 
outlined  during  this  meeting.  The  data  reported  should 
go  far  toward  giving  the  representatives  of  the  petroleum 
and  the  automotive  industries  a  basis  for  discussion. 

A  valuable  by-product  of  this  work  has  been  the 
broader  viewpoint  and  more  general  familiarity  of  the 
other  fellow's  problem  that  the  association  of  representa- 
tives of  the  two  industries  has  developed. 

Finances 

With  regard  to  the  financial  condition  of  the  Society, 
I  feel  that  the  report  of  the  Treasurer  can  be  considered 
most  satisfactory.  It  is,  of  course,  to  be  regretted  that 
conditions  were  such  as  to  make  a  deficit  in  the  operating 
account  unavoidable.  However,  it  is  gratifying  that  the 
anticipated  deficit  which  we  faced  at  the  beginning  of 
the  year,  was  reduced  by  approximately  one-half  at  the 
end  of  the  fiscal  vear. 


The  outlook  for  the  new  year  is  most  promising.  The 
Finance  Committee  in  estimating  the  budget  has  pre- 
sented to  the  Council  a  report,  which  was  accepted,  in- 
dicating that,  without  a  reduction  in  the  activities  of 
the  Society  and  with  only  a  reasonable  increase  in  reve- 
nue from  membership  and  publications,  it  will  be  possi- 
ble to  make  income  and  expense  balance.  In  the  light 
of  the  general  industrial  conditions  during  most  of  the 
past  year,  I  feel  that  this  condition  is  highly  encour- 
aging. 

Finally,  I  wish  to  thank  you  all  for  the  charity  with 
which  you  have  received  my  efforts  during  the  year,  and 
for  the  support  that  has  been  given  by  the  Council,  com- 
mittees, members  and  the  General  Manager  and  his 
staff.  The  duties  of  the  office  are  becoming  difficult  and 
exacting  and,  while  I  have  appreciated  greatly  the  honor 
accorded  me  in  selection  for  the  office,  and  though  the 
work  has  contained  many  elements  of  satisfaction,  it  is 
only  honest  to  confess  that  I  am  viewing  the  end  of  my 
responsibilities  with  a  feeling  of  relief. 

With  this  in  mind,  I  want  to  bespeak  for  the  one  you 
select  as  my  successor  the  same  cordial  support  which 
alone  has  made  it  at  all  possible  for  me  to  carry-on  this 
year. 


SIMPLIFICATION 


THE  American  Engineering-  Standards  Committee  has  re- 
quested assistance  in  the  canvass  its  cooperating  bodies 
are  making  at  the  request  of  Secretary  Hoover,  of  the  De- 
partment of  Commerce,  for  suggestions  in  regard  to  sub- 
jects in  which  there  is  a  need  for  industrial  simplification 
through  a  reduction  in  the  number  of  styles,  sizes  and  cata- 
loged lines.  In  the  opinion  of  the  American  Engineering 
Standards  Committee,  engineers  and  industrialists  can  ren- 
der a  notable  service  to  American  industry  by  making  such 
an  analysis  of  the  needs  of  industry. 

Reference  is  made  to  the  importance  of  the  economic  losses 
involved   in   non-standard   manufacture  and   an  unnecessary 


variety  of  styles,  types  and  sizes  of  staple  materials,  products 
and  processes,  and  suggestions  are  called  for  from  the  stand- 
point of  the  members  as  technical  and  professional  men, 
whether  as  producers,  designers,  consultants,  buyers,  fabri- 
cators or  final  consumers,  or  as  members  of  the  great  body 
of  general  consumers.  The  form  given  below  is  provided  for 
this  purpose,  which  it  is  requested  be  filled  out  and  mailed 
to  the  office  of  the  Society. 

The  more  specific  the  suggestions  are,  the  more  effective 
they  will  be  in  helping  to  bring  about  active  work  on  definite 
projects,  and,  through  this,  actual  concrete  results  intro- 
duced into  the  industries. 


Subjects  for  Simplification  and  Standardization 

Inquiry  made  by  the  Society  of  Automotive  Engineers,  Inc.,  at  the  request  of  Secretary  Hoover  and 
the  American  Engineering  Standards  Committee 

(1)  In  what  raw  materials  or  manufactured  products  do  you  believe  a  reduction  in  the  number  of 
styles,  sizes,  grades  or  cataloged  lines  would  bring  about  economy  in  purchases,  production,  dis- 
tribution or  selling? 

General  Subject   

Specific  Items   

General  Subject   

Specific  Items   

(2)  In  connection  with  what  subjects  or  items  do  you  think  the  Society  of  Automotive  Engineers 
should  take  an  active  part,  as  an  organization,  in  bringing  about  such  simplification  or  stand- 
ardization? 

Signature 

Business  Address 

Please  include  explanations  and  further  suggestions  on 
a  separate  sheet.     Such  "background"  will  be  helpful. 
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MANY   of   tin    inquiries   answered   by   the  Research   Department  are  of  much  general  interest  and  involve  a 
considerable  amount  of  thought  and  research.    For  the  information  of  our  numbers  a  few  of  them  will  be 
;hed  each   month.     It  is  hoped  that  in   this   way  those  members  who  have  not  yet  availed  themselves  of  the 
facilities  offered  by  the  Research  Department  may  be  encouraged  to  take  advantage  of  them  in  the  future. 


PISTON-RING   (LICK 

A  LETTER  was  received  from  a  company  handling  repairs 
and  replacements,  describing  some  of  its  experiences 
with  the  phenomenon  of  piston-ring  tick  or  click,  stating  some 
observations,  and  asking  for  further  information  on  the  sub- 
ject. 

Copies  of  the  letter  were  sent  to  a  number  of  engineers, 
with  a  request  for  their  views.  The  following  extracts  from 
replies  received  illustrate  the  divergence  of  opinion  on  this 
question : 

My  experience  with  the  click  in  piston-rings  is  that 
it  is  due  to  their  being  fitted  with  too  small  a  gap. 
Piston-rings,  generally  speaking,  should  not  be  fitted 
with  less  than  0.015-in.  gap.  I  believe  that,  if  this 
amount  of  gap  is  used,  the  click  will  disappear. 


We  have  had  considerable  experience  with  this  con- 
dition. In  every  instance,  so  far  as  we  have  been  able 
to  determine,  the  click  was  caused  by  insufficient  clear- 
ance between  the  ends  of  the  piston-rings. 

We  have  carefully  checked-up  the  matter  on  brand 
new  cylinder-blocks  and  pistons,  as  well  as  on  worn 
blocks.  The  same  condition  will  exist  in  either  of  these 
if  there  is  insufficient  clearance.  Just  what  is  brought 
about  to  cause  this  noise,  we  are  unable  to  determine 
definitely,  but  we  have  yet  to  find  a  case  which  we  have 
been  unable  to  correct  by  slightly  relieving  the  ends  of 
the  piston-rings. 


We  believe  that  this  noise  is  caused  by  insufficient 
clearance  between  the  ends  of  the  ring,  causing  the  ends 
to  strike  together  at  the  beginning  of  the  firing  stroke. 
In  our  own  experience  the  noise  has  usually  developed 
with  diagonally  cut  rings  where  it  is  necessary  to  hold 
the  clearance  rather  closely. 

At  various  times  we  have  tried  filing  notches  in  the 
upper  groove  to  let  the  compression  in  behind  the  ring, 
but  with  a  step-cut  ring  we  do  not  believe  that  this 
action  is  required;  we  have  had  no  trouble  with  rings 
of  this  type.  Our  difficulties  have  not  been  serious,  and 
for  this  reason  our  tests  have  not  been  extensive  enough 
to  develop  any  exhaustive  conclusions. 


We  have  found  that  piston-ring  tick  will  occur  when 
the  ring  bottoms  circumferentially  at  its  split,  due  to 
being  fitted  too  closely.  Excessive  over-travel  in  the 
cylinder  bore  can  also  be  expected  to  give  a  similar 
result.  These  two  seem  to  us  to  be  the  most  prevalent 
sources  of  the  condition. 


Whatever  noises  there  were  in  an  engine,  I  have 
laid  to  other  causes  than  piston-rings.  Of  course,  worn 
or  poorly  fitted  rings  may  cause  a  click  in  shifting  from 
one  side  of  the  groove  to  the  other,  but  I  believe  that 
correctly  fitted  rings,  with  a  clearance  of,  say,  not  over 
0.0005  in.,  and  the  clearance  cushioned  with  an  oil-film, 
should  remain  perfectly  silent. 


I  have  experienced  piston-ring  click  on  large-bore 
jobs  with  rather  flexible  rings.  It  was  apparently 
caused  by  the  pressure  collapsing  the  ring  until  the 
ends  struck.     Running  the  bottom  of  the  groove  close 


to  the  back  of  the  piston-ring  will  help  the  situation. 
Notching  the  top  of  the  ring,  to  let  the  firing  pressure 
back  of  the  ring,  will  also  relieve  the  situation,  but  will 
make  the  ring  only  partly  effective  as  a  seal. 

I  think  it  is  obvious  that  the  trouble  develops  only 
where  there  is  considerable  clearance  betw:een  the  ends 
of  the  ring,  as  this  condition  would  be  necessary  to  get 
enough  travel  to  produce  the  noise.  We  have  never  had 
this  trouble  where  the  rings  had  joint  openings  just 
sufficient  to  take  care  of  expansion,  and  the  groove  was 
not  too  deep. 


In  several  instances  of  severe  piston-ring  click,  it 
was  found  upon  examination  that  the  top  ring  on  the 
piston  projected  above  the  bore  of  the  cylinder  at  the 
end  of  the  stroke  so  that  this  ring  was  subjected  to 
the  explosion  pressure  on  the  outside,  thus  collapsing 
the  ring  and  causing  an  unusually  loud  click.  This 
trouble  was  cured  by  increasing  the  length  of  the  cyl- 
inder bore  so  that  the  ring  would  not  project  above  it, 
and  diminished  in  some  cases  by  relieving  the  top  face 
of  the  ring  to  allow  the  explosion  pressure  to  get  be- 
hind ring  and  keep  it  tight  against  walls  of  the  cyl- 
inder. 

More  frequently,  however,  this  trouble  has  been  en- 
countered in  service  where  the  pistons  fitted  loosely  in 
the  cylinders  or  the  cylinders  had  become  tapered,  being 
larger  at  the  top  and  causing  the  same  effect  as  loosely 
fitting  pistons.  In  such  cases  the  piston  will  rock,  caus- 
ing the  oil-film,  between  the  ring  and  the  cylinder-wall 
to  be  weakest  at  the  top  on  one  side  of  the  piston,  so 
that  any  appreciable  explosion  pressure  would  have  a 
tendency  to  collapse  the  ring,  in  some  instances  causing 
a  remarkably  loud  click  and  even  piston  slap. 

In  other  cases,  the  click  has  been  due  merely  to  the 
ends  butting;  and  is  very  indistinct.  The  most  notable 
click,  however,  is  caused  by  the  collapse  of  the  ring. 
It  was  found  in  several  instances  that  the  explosion 
blew-by  all  of  the  rings  and  could  be  noticed  in  the 
crankcase  very  easily. 


Of  course,  shoulders  in  cylinders,  tapered  bores  and 
dry  spots  due  to  faulty  lubrication  can  cause  piston- 
ring  click.  There  are,  however,  cases  in  which  the 
sound  remains  after  every  possible  chance  of  defective 
installation  is  removed. 

Some  time  ago  we  had  a  great  many  complaints  as 
to  Ford  installations  on  this  score.  Since  then  we  have 
increased  the  radial  thickness  of  our  standard  Ford- 
size  ring,  with  the  result  that  the  trouble  has  been  en- 
tirely eliminated. 

The  obvious  explanation  of  the  sound  is  that  when 
the  pressure  rises  suddenly  in  the  cylinder  the  pressure 
rises  both  in  the  oil-film  between  the  ring  and  the  wall 
and  in  the  space  behind  the  ring.  Since  the  space  be- 
hind the  ring  is  large  compared  to  that  in  front  of  it, 
and  the  leakage  path  into  the  former  space  is  small, 
an  appreciable  time  is  required  for  the  space  in  the 
back  of  the  groove  to  accumulate  the  additional  gases 
requh-ed  for  a  considerable  rise  in  pressure.  On  the 
other  hand,  the  pressure  transmission  through  the  thin 
surface  oil-film  is  practically  instantaneous.  Therefore, 
there  is  a  momentary  tendency  to  collapse  the  ring  at 
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the  beginning  of  every  power-stroke.  If  this  differen- 
tial pressure  is  great  enough  to  overcome  the  ring  ten- 
sion, the  ring  collapses  and  forces  the  ends  together 
sharply.  Moreover,  as  the  pressure  falls,  the  expan- 
sion of  the  gas  behind  the  ring  combines  with  the  ring 
tension  to  force  the  ring  violently  outward  against  the 
cylinder  again.  The  sound  results  from  either  or  both 
of  these  impacts. 

According  to  this  theory  any  method  for  filling  the 
empty  groove-space  tends  to  counteract  the  trouble, 
as  also  dees  an  increase  in  ring  tension.  Coasting  with 
the  ignition  cut  off  fills  the  space  partially  with  oil. 

We  have  known  of  many  cases  being  cured  by  the 
insertion  of  copper  filling-strips.  The  cutting  of 
grooves  in  the  upper  edge  of  the  ring  fills  the  space 
rapidly  with  gas,  thus  reducing  the  pressure-lag;  this 
practice  is,  of  course,  not  advisable. 


This  phenomenon  of  ring  click  was  reproduced  on  an 
experimental  one-cylinder  unit,  running  the  piston 
against  compression  only,  no  explosion,  and  was 
cured  by 

(1)  P'itting  the  piston  more  neatly  to  the  cylinder 

(2)  Relieving  the  top  ring  to  allow  pressure  to 
get  behind  the  ring.  This  was  accomplished 
also  by  installing  rings  of  thinner  face  in  the 
top  groove,  but  keeping  the  clearance  in  the 
two  lower  grooves  as  small  as  possible,  as 
would  be  commercial  practice  in  any  service- 
station 

The  click  was  overcome  in  some  instances  also  by 
installing  rings  of  greater  tension.  The  clicking  of 
rings  was  noticed  in  both  step-joint  and  angle-joint 
rings,  and  was  overcome  in  all  instances  by  pinning  the 
rings  in  the  grooves  so  that  the  joints  did  not  line-up. 
It  was  noticed  that  clicking  was  most  pronounced  when 
the  joints  of  the  rings  were  approximately  in  line. 


A  number  of  years  ago,  when  this  clicking  or  slap- 
ping was  brought  to  our  attention,  after  considerable 
effort  we  arrived  at  a  conclusion  that  we  have  been 
unable  to  disprove. 

We  have  two  types  of  ring  installation  that  will 
cause  this  difficulty.  One  case  is  where  the  ring  is 
properly  fitted  in  the  groove,  but  not  so  well  fitted  in 
the  cylinder.  If  the  face  of  the  ring  is  off  of  the  cyl- 
inder for  a  portion  of  its  circumference,  the  gas  pres- 
sure reaches  the  face  of  the  ring  and,  being  more  or 
less  checked  by  the  lower  rings  and  the  skirt  of  the 
piston,  causes  a  contraction  of  the  ring  in  the  groove. 
If  the  grooves  are  filed  across  the  top  side  of  the  ring, 
the  pressure  reaching  the  back  of  the  ring  seems  to 
offset  the  pressure  on  the  face  of  the  ring  and  the 
clicking  stops  without  any  further  correction  on  the 
face  of  the  ring. 

A  second  case  is  an  installation  in  which  the  rings 
fit  perfectly  against  the  cylinder  wall  but  are  very 
tight  in  the  groove;  so  tight  that  considerable  pressure 
is  required  to  move  them  in  the  groove.  We  must  ex- 
pect that,  while  the  ring  is  moving  rapidly  up  and 
down  in  the  cylinder,  there  will  be  a  slight  movement 
at  least  radially  in  the  groove,  because  the  piston  clear- 
ance and  cylinder  conditions  are  never  close  enough  to 
have  the  ring  remain  stationary  in  the  groove.  If,  then, 
the  ring  moves  slightly  out  or  in  and  is  pinched  tight 
sideways  in  the  groove,  pressure  can  very  easily  reach 
a  portion  of  the  face  of  the  ring  because  the  ring  is 
not  allowed  to  "set"  out  actively  in  contact  with  the 
cylinder.  The  pressure  acts  the  same  as  in  the  first 
case,  driving  the  ring  in ;  and  at  the  end  of  the  stroke 
the  ring  springs  back  to  normal.  We  have  always  been 
able  to  correct  this  trouble  by  removing  sufficient  metal 
from  the  side  of  the  ring  to  allow  it  to  be  free  in  the 
groove. 

We  have  tried  a  number  of  times,  unsuccessfully,  to 


find  a  connection  between  the  quantity  of  oil  used  and 
this  condition.  Of  course,  any  projection  from  the 
shoulder  in  the  cylinder  would  cause  a  noise  if  the  rings 
were  permitted  to  strike  it.  But  the  noise  is  entirely 
different  from  the  click  or  slap  experienced  in  the  cases 
mentioned  above. 

There  is  a  great  tendency  to  make  the  fit  between 
the  .ring  and  the  ring-groove  closer.  It  is  very  easy 
to  make  piston-rings  to  close  limits  in  good  surfaces, 
but  it  is  a  different  problem  to  make  piston-ring  grooves 
up  to  the  same  standard.  We  believe  that  the  proper 
width  of  ring,  together  with  the  proper  side-surface  on 
the  ring  and  the  groove,  will  be  as  effective  as  a  very 
tightly  fitted  ring.  We  think  that  0.00075  in.  is  the 
limit  of  tightness  in  ring-fits  in  the  average  commercial 
job. 


SEASONING  CAST-IRON  PISTONS 

Question.: — We  have  been  told  by  some  high  authorities  on 
the  subject  that  a  heat-treatment  of  piston  castings  in  the 
rough  tends  to  make  them  easier  to  machine  and  to  relieve 
them  of  strains  so  as  to  keep  them  from  warping  after  they 
are  finished  and  put  into  the  job.  The  method  recommended  is 
to  let  the  castings  lie  in  a  furnace  at  1450  deg.  fahr.  for  about 
12  hr.  Then,  we  have  been  told  that  seasoning  of  the  rough 
castings  is  most  beneficial.  Still  another  suggestion  is  to 
heat  the  semi-finished  piston  to  a  blue  color.  Other  authori- 
ties on  the  subject  have  denied  both  the  need  and  the  desira- 
bility of  any  such  treatment.  Can  you  give  us  additional  in- 
formation on  this  question? 

Answer: — In  reply  to  this  query  we  have  permission  to 
quote,  anonymously,  the  following  opinions  of  a  number  of 
engineers  who  are  specially  qualified  by  experience  to  discuss 
this  matter. 

For  practical  production  work,  it  has  been  our  prac- 
tice to  heat-treat  or  anneal  the  pistons  after  the  rough- 
ing cut  at  as  low  a  temperature  as  would  do,  that  is,  not 
over  750  deg.  fahr.  After  the  annealing-,  we  ground  or 
took  a  light  finishing-cut  before  grinding.  I  do  not 
think  that  this  method  is  as  good  as  aging  before  the 
finishing  process  but  it  is  more  practical  as  a  produc- 
tion method. 


We  have  had  intermittently  considerable  experience 
with  the  treatment  of  gray  iron  for  pistons  and  feel 
that  the  highest-grade  product  is  made  from  castings 
that  have  been  subjected  to  a  preliminary  tumbling  proc- 
ess in  the  foundry  cleaning-room  and  then  subjected, 
for  about  six  weeks,  to  a  yard-seasoning  where  the  cast- 
ings are  exposed  to  the  elements.  Such  castings  are  not 
as  easy  to  machine  as  those  which  have  been  heat- 
treated  from  the  standpoint  of  annealing.  When  time 
will  not  permit  yard-seasoning,  we  resort  to  heat-treat- 
ment. We  find  that  the  castings  cut  much  more  easily, 
but  the  metal  becomes  somewhat  lifeless  from  the  stand- 
point of  resilience,  and  a  slight  bump  or  shock  of  the 
finished  article  will  cause  a  pei'manent  set,  which  is 
not  the  case  with  castings  that  have  been  yard-seasoned 
only.  It  has  been  our  experience  that  change  of  shape 
in  the  engine  is  prevented  by  sufficient  yard-seasoning, 
as  well  as  by  heat-treatment.  After  all,  either  method 
may  be  used  to  normalize  the  iron.  We  prefer  the  sea- 
soning process. 


It  is  my  opinion  that  pistons  for  internal-combustion 
engines  should  be  heat-ti-eated.  In  the  first  place,  light- 
weight pistons  must  be  made  of  very  strong  iron  which 
almost  approaches  steel  castings.  Inasmuch  as  the 
combined  carbon  depends  upon  the  rate  of  cooling,  and 
the  graphitic  carbon  being  very  much  less  than  in  ordi- 
nary cast  iron,  piston  castings,  especially  the  thin  sec- 
tions, are  apt  to  chill  or  harden  in  the  mold,  making 
them  difficult  to  machine.  For  that  reason  alone,  piston 
castings  should  be  annealed.     Furthermore,  even  with 
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the  most  thorough  annealing,  some  internal  strains  may 
remain;  therefore,  for  a  first-class  job,  pistons  should 
have  an  additional  treatment  between  the  roughing  and 
the  finish-machining  processes,  in  order  that  they  may- 
keep  a  permanent  form  after  the  last  finish-grinding. 


Our  practice  is  to  anneal  the  pistons  prior  to  machin- 
ing. 


We  believe  that  cylinders  warp  more  than  pistons. 
We  therefore  do  not  heat-treat  our  pistons  and  cylin- 
ders. 


The  main  reason  for  heat-treating  is  to  relieve  the 
internal  strains.  Our  present  method  for  doing  this  is 
as  follows:  the  pistons  are  first  rough-turned,  packed 
in  boxes  or  containers  which  hold  about  12  pieces  each, 
and  then  placed  in  a  furnace  that  has  been  brought  to 
a  temperature  of  1450  to  1500  deg.  fahr.  and  the  heat 
turned  off.  The  procedure  of  preheating  the  furnace 
we  found  necessary  to  eliminate  the  scale  that  would 
otherwise  form  on  the  exterior  due  to  flame  contact. 
The  pistons  are  allowed  to  remain  in  the  furnace  from 
2  to  2V&  hr.,  after  which  they  are  removed  and  cooled  in 
the  air.  After  this  treatment,  the  pistons  present  a 
bluish  tint  in  the  way  of  discoloration.  Our  old  prac- 
tice on  larger  sizes  was  to  place  the  pistons  in  the  fur- 
nace as  received  from  the  foundry.  The  heat  was  then 
applied  and  the  contents  heated  to  a  cherry  red,  when 
the  flame  was  turned  off  and  the  pistons  allowed  to  cool 
in  the  furnace.  This  was  more  of  an  annealing  process 
but  we  found  in  some  instances  that  the  castings  were 
too  soft  to  conform  to  our  standard. 


The  United  States  Bureau  of  Standards  informs  us  that 
it  has  recently  started  an  investigation  on  a  subject  related 
to  the  heat-treatment  of  pistons  for  machining  and  perma- 
nence but  that  no  data  are  available  at  the  present  time. 
A  letter  from  the  Bureau  referred  to  the  following  five  pa- 
pers on  the  subject: 

C.  J.  Wiltshire,  Elimination  of  Strains  in  Cast- 
ings, Foundry,  Oct.  1,  1919,  p.  684. 

L.  M.  Sherwin,  The  Effects  of  Seasoning  on  Gray- 
Iron  Castings,  Foundry,  October,  1917,  p.  435. 

J.  F.  Harper  and  R.  S.  MacPherran,  The  Anneal- 
ing of  Gray-Iron  Castings,  The  Iron  Age, 
Oct.  19,  1922,  p.  1007. 

J.  E.  Hurst,  The  Growth  of  Internal-Combustion 
Cylinders,  Engineering,  Aug.  4,  1916,  p.  97; 
also  The  Heat  Treatment  of  Cast  Iron  at 
Low  Temperatures,  Engineering,  July  4, 
1919,  p.  1. 

These  contain  the  following  information  on  this  subject. 
Wiltshire  recommends  that 

The  castings  be  placed  in  the  oven,  the  doors  closed, 
the  heat  turned  on,  and  the  temperature  raised  to  700 
deg.  fahr.,  which  generally  takes  from  7  to  8  hr.  This 
temperature  is  held  for  an  additional  7  hr.,  when  the 
heat  is  shut  off  and  the  oven  allowed  to  cool  down 
slowly  for  approximately  20  hr.,  with  a  resulting  tem- 
perature of  about  300  deg.  fahr.  The  oven  doors  are 
then  opened  and  the  temperature  is  allowed  to  drop  to 
approximately  150  deg.  fahr.,  when  the  castings  are  in 
shape  to  be  taken  out.  The  entire  operation  consumes 
about  48  hr.  The  ovens  are  heated  with  oil  and  the 
amount  of  oil  per  ton  of  castings  heated  has  averaged 
9.6  gal.  Each  heat  requires  284  gal.  of  oil.  Approxi- 
mately 29  tons  of  castings  are  treated  each  heat. 

Sherwin  is  interested  in  finding  a  treatment  of  cast  iron 


that  will  assure  its  holding  its  shape  permanently  after  it 
has  been  formed  into  straight-edges,  surface-plates  and  other 
castings  of  a  similar  nature.  He  finds  that  for  this  purpose 
some  sort  of  seasoning  of  the  eastings  is  beneficial  and  rec- 
ommends the  second  method  given  below  as  the  most  suitable. 
Among  the  methods  of  seasoning  practiced  by  various  manu- 
facturers, Sherwin  records  the  following: 

(1)  The  castings  remain  in  one  place  and  position  for 
an  indefinite  period,  in  some  cases  exposed  to 
weather  conditions,  before  being  finish-machined 

(2)  The  castings  are  rough -turned  or  planed,  and  then 
subjected  to  a  heat  of  several  hundred  degrees,  say 
as  high  as  400  deg.  fahr.,  for  a  definite  period  of 
time 

(3)  The  castings  are  heated  from  150  to  300  deg.  fahr. 
before  having  the  scale  removed 

(4)  The  castings  are  heated  and  reheated  several  times 
at  400  deg.  fahr. 

Sherwin  points  out  that,  from  what  is  known  about  the 
metallurgy  of  cast  iron,  any  temperature  below  the  critical 
point,  1250  deg.  fahr.,  should  be  satisfactory  for  relieving 
strains,  and  he  proves  his  contention  experimentally  by  show- 
ing that  test-bars,  identical  except  for  the  heat-treatment, 
are  indistinguishable  as  regards  tensile-strength  and  Brinell- 
hardness  and  Shore-scleroscope  numbers.  The  bars  received 
the  following  treatment: 

(1)  Heated  at  400  deg.  fahr.,  for  24  hr. 

(2)  Heated  at  1100  deg.  fahr.,  for  24  hr. 

(3)  Heated  to  1100  deg.  fahr.,  three  times,  cooled  down 
between  each  heating 

(4)  Untreated 

Harper  and  MacPherran  made  a  more  extensive  investiga- 
tion of  the  point  raised  by  Sherwin,  namely,  "What  are  the 
correct  time  and  temperature  for  heat-treating  cast  iron  to 
relieve  machine  and  casting  strains  and  to  inci'ease  machina- 
bility?"     Their  results  may  be  summarized  thus : 

(1)  The  rate  of  cooling  has  no  effect  on  the  physical 
properties  of  cast  iron  so  long  as  the  critical  tem- 
perature is  not  exceeded 

(2)  To  relieve  machine  and  casting  strains,  a  tempera- 
ture of  1150  deg.  fahr.  for  1  hr.  should  not  be  ex- 
ceeded. Continued  heating  at  this  temperature  is 
followed  by  a  loss  of  hardness  and  strength 

(3)  Annealing  at  1050  deg.  fahr.  for  reasonable  periods 
does  not  tend  to  decrease  materially  the  hardness 
or  strength 

(4)  For  increasing  machinability,  temperatures  of 
from  1450  to  1550  deg.  fahr.  will  be  found  satis- 
factory, but  in  this  case  the  drop  in  hardness  is 
accompanied  by  a  decided  loss  of  strength 

The  two  papers  by  Hurst  indicate  that  the  situation  is  .not 
as  simple  as  the  thi'ee  papers  just  mentioned  would  lead  one 
to  believe.  This  discrepancy  is  due  to  the  fact  that  Hurst 
discusses  the  subject  from  the  standpoint  of  the  permanence 
of  the  shape  of  the  castings  after  they  have  been  put  into 
use  under  conditions  where  they  are  subjected  to  continued 
or  intermittent  heating.  Under  these  circumstances,  cast 
iron  frequently  undergoes  a  peculiar  growth  with  a  conse- 
quent increase  in  volume,  a  phenomenon  that  has  been  known 
for  some  time  but  that  is  far  from  being  completely  under- 
stood. Hurst's  papers  cannot  be  abstracted  here  but  they  are 
worthy  of  study,  most  profitably  in  connection  with  chapters 
10  to  12  of  W.  H.  Hatfield's  book  on  Cast  Iron  in  the  Light  of 
Recent  Research,  where  will  be  found  a  readable  account  of 
what  is  known  about  the  effect  of  temperature  on  articles 
made  of  cast  iron. 
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THE  author  discusses  only  gear-grinding  work  on 
gear-teeth  subsequent  to  heat-treatment  and  pays 
particular  attention  to  automobile  transmission  gears. 
He  states  that  as  yet  very  little  is  done  in  the  grinding 
of  gear-teeth  that  have  not  been  heat-treated. 

The  salvaging  of  gears  that  have  been  rejected  and 
the  finish-grinding  of  gears  that  have  grinding  stock 
remaining  upon  the  teeth  are  commented  upon,  to- 
gether with  remarks  on  the  cost  of  grinding,  the  his- 
tory of  gear  grinding,  the  different  classes  of  work 
performed,  gear-grinding  machines  in  general,  tooth- 
form  and  gear  wear.  It  is  stated  that  gear  grinding 
is  commei-cially  a  production  operation  having  as  its  aim 
the  placing  of  the  correct  tooth-shape  and  proper  sur- 
face-finish on  gear-teeth  so  that  the  gears  can  move 
accurately,  noiselessly  and  without  wear;  and  that  the 
cost  of  finished  acceptable  transmissions  is  less  than 
when  the  process  of  finish-grinding  is  used. 

WE  normally  grind  the  teeth  of  gears  after  the 
heat-treatment.  This  paper  will  have  particular 
reference  to  automobile  transmission  gears, 
which  constitute  a  very  large  part  of  our  work.  Very  few 
gears  are  made  by  grinding  teeth  that  have  not  been  heat- 
treated.  We  had  experience  last  year  with  two  lots  of  soft 
oil-pump  gears  that  were  sent  to  us  by  different  manufac- 
turers as  being  noisy.  In  both  cases  we  returned  the  gears 
with  the  advice  that  they  were  cut  very  accurately.  When 
they  were  received  by  us  they  could  hardly  be  forced 
together  on  their  true  centers;  they  were  soft  and  re- 
quired only  additional  backlash  to  provide  oil  clearance. 

Many  instruments  that  have  been  designed  to  show 
tooth  curvature  are  of  great  assistance  in  securing  ac- 
curately cut  soft  gears,  as  they  enable  the  operator  to 
keep  a  careful  check  on  the  production  of  the  machine 
that  is  more  valuable  than  the  current  practice  of  rolling 
gears  together  on  studs.  Accurately  cut  gears  will  be 
greatly  distorted  by  the  later  process  of  heat-treatment 
which  distorts  the  teeth  so  that,  unless  they  are  ground, 
quiet,  accurate  movement  is  impossible. 

The  importance  of  grinding  the  bore  and  face  of  auto- 
mobile gears  has  been  well  known  for  years,  and  great 
progress  has  been  made  in  this  work.  It  has  been  cus- 
tomary from  time  to  time  to  finish-grind  one  part  of 
the  automobile  and  then  another  after  heat-treating  it. 
The  grinding  takes  the  place  of  the  old  method  of  finish- 
machining  the  parts  before  heat-treating  them  and  then 
fitting  the  badly  shaped  parts  together  by  touch  or 
measurement.  Gear  teeth,  so  far,  have  not  been  given 
the  same  attention  and  poorly  finished  gear  teeth  and 
distorted  tooth-shapes  have  been  assumed  by  some  manu- 
facturers to  be  unavoidable.  We  bespeak  for  gear 
grinding  your  favorable  consideration  as  being  a  logical 
development  and  an  accurate  process. 

H.  J.  Eberhardt  recently  pointed  out"  the  progress  that 
has  been  made  in  the  finishing  of  gear  teeth.  He  showed 
that  during  the  first  period  of  their  efforts  the  manufac- 
turers used  forms  and  cutters  made  in  the  tooth-form, 


1  Vice-President,  Gear  Grinding  Machine  Co.,  Detroit. 
-  See  Mechanical  Engineering,  August,  1921,  p.  530. 


and  that  many  such  machines  listed  in  old  catalogs  had 
been  abandoned;  that  in  the  second  period  generating 
machines  were  used  to  cut  the  teeth;  and  that  in  the 
third  period  the  cutters  and  the  gear  teeth  were  ground 
after  being  hardened. 

Salvaging  Versus  Finish-Grinding 

There  are  two  large  volumes  of  gear-tooth-grinding 
business:  first,  the  salvaging  of  gears  that  have  been 
rejected  as  noisy  or  ill-shaped;  and,  secondly,  the  finish- 
grinding  of  gear  teeth  on  which  there  is  sufficient  grind- 
ing stock  left  to  allow  accurate  grinding. 

The  bulk  of  gear-tooth  grinding,  in  the  years  gone  by, 
was  in  the  salvaging  of  gear  parts  that  had  been  rejected 
in  automobile  transmissions.  When  manufacturers  had 
gear  trouble  it  was  possible  to  take  noisy  gears  that  had 
already  been  cut  to  size,  and  to  resurface  them  to  an 
accurate  tooth-form  that  would  run  quietly  in  a  trans- 
mission. A  large  number  of  the  gears  furnished  for 
salvaging  were  badly  distorted  by  heat-treatment;  a 
smaller  number  were  originally  cut  to  an  inaccurate 
tooth-form.  It  is  possible  to  grind  the  surface  of  such 
gear  teeth  so  that  the  tooth-form  shall  be  true  and  give 
quiet  operation. 

The  grinding  of  salvage  gears  removes  a  certain  small 
amount  of  stock  from  both  sides  of  the  tooth.  This  stock 
is  from  0.003  to  0.006  in.  in  depth  of  cut  and  represents 
an  average  reduction  in  the  chordal  thickness  of  the  tooth 
at  the  pitch  circle  of  0.008  in.  This  does  not  mean  that 
0.008  in.  is  removed  from  the  entire  surface  of  the  tooth. 
This  0.008  in.  represents  the  normal  maximum  increase 
in  backlash  in  a  given  gear;  such  gears  mated  together 
are  increased  in  backlash  to  a  maximum  of  0.016  in. 
Many  gears  salvaged  in  this  manner  require  the  removal 
of  only  0.002  or  0.003  in.,  the  backlash  being  0.004  in. 
in  a  given  gear,  and  0.008  in.  in  a  pair  of  such  gears 
mated  together.  The  backlash  introduced  into  the  gears 
when  salvaged  varies  with  the  degree  of  inaccuracy  in 
the  product  and  not  by  the  amount  of  stock  necessary,  to 
be  removed  in  the  grinding  operation. 

A  majority  of  mechanics  and  superintendents  believe 
that  the  introduction  of  additional  backlash  will  cause 
noise  in  the  gears.  We  find  that  most  of  the  noise 
usually  attributed  to  additional  backlash  can  be  credited 
to  the  improper  introduction  of  excessive  backlash,  as 
it  is  customary  for  manufacturers  to  secure  backlash 
by  pushing  the  cutters  out  of  the  true  position,  thus 
misplacing  the  tooth-form. 

We  have  tested  a  large  number  of  transmissions  with 
ground  gears  that  had  backlash  as  high  as  0.030  in.  yet 
were  quiet  in  operation,  the  only  noise  in  the  gears  oc- 
curring when  the  car  surged  and  the  car  speed  exceeded 
the  engine  speed,  the  backlash  accumulating  into  a  single 
tap  as  the  car  surged.  With  proper  backlash  the  oil- 
cushion  between  the  teeth  reduces  the  noise  due  to  the 
surging  action.  Other  than  this  single  tap  with  each 
surge  of  the  car  there  is  no  noise,  no  growl,  no  hum, 
no  sing.  When  the  car  surges  into  second  speed  the  back- 
lash between  the  four  gears  accumulates  and  will  cause 
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the  single  tap  already  mentioned,  but  otherwise  four  such 
gears  with  a  total  backlash  of  0.060  in.  will  run  quietly 
under  normal  operation. 

During  the  last  year  we  have  salvaged  for  one  firm 
40,000  gears  that  were  finish-cut  before  heat-treatment,. 
and  35,000  for  another  company.  Such  salvaging  is  usual 
in  the  building  of  automobile  transmissions,  and  this 
class  of  work  will  continue  to  be  a  factor  in  the  gear- 
grinding  business  just  so  long  as  the  attempt  is  made 
to  finish  the  teeth  before  heat-treating  them. 

The  finish-grinding  of  gear  teeth  having  grinding  stock 
constitutes  the  largest  volume  of  gear-tooth  grinding. 
The  gears  are  furnished  with  the  teeth  made  to  normal 
machine  limits,  not  to  gear  limits.  These  limits  are 
easily  maintained  by  any  method  of  gear-tooth  cutting 
and  the  practice  is  the  same  as  is  customary  on  so  many 
other  standard  parts  of  an  automobile.  It  is  usual  for 
us  to  receive  such  gears  rough-cut  or  hobbed,  by  a  single 
cut,  with  a  variation  in  the  tooth  thickness  of  from  0.006 
to  0.010  in.  over  the  required  size  of  the  finished  tooth. 
The  grinding  stock,  approximately  0.003  in.,  that  is  re- 
moved from  each  side  of  the  tooth  during  the  grinding 
operation,  is  usually  sufficient  to  eliminate  the  distortion 
due  to  heat-treatment.  The  limits  of  0.006  to  0.010  in. 
over  the  required  tooth  thickness  allow  cut-gear  blanks 
to  be  produced  rapidly  by  the  most  ordinary  processes 
of  gear-cutting. 

The  main  pinion,  or  sleeve-gear,  in  many  cars  is  de- 
signed so  that  the  teeth  on  the  gear  mesh  with  the 
internal  teeth  of  the  second-speed  sliding-gear,  and  it  is 
desirable  that  these  two  parts  fit  together  accurately. 
When  grinding  these  pinions  it  is  usual  for  us  to  fit 
them  to  their  mating  second-speed  gear.  On  the  main 
pinion  we  prefer  to  have  grinding  stock  of  approximately 
0.008  to  0.012  in.  over  the  finished  thickness  of  the  tooth 
in  order  that  an  accurate,  tight  fit  between  these  parts 
can  be  made. 

The  change  in  gear-tooth  grinding  from  the  salvaging 
of  mis-shaped  teeth  to  the  finish-grinding  of  new  product 
with  grinding  stock  is  the  natural  result  of  increased 
knowledge  of  gear-tooth  grinding.  Most  manufacturers 
who  now  use  grinding  as  the  finishing  operation  began 
by  using  it  as  a  salvaging  operation.  They  found  that 
the  process  was  successful,  and  having  been  led  to  in- 
vestigate the  finish-grinding  of  rough  teeth,  they  found 
that  the  expense  of  the  finish-grinding  process  was  rela- 
tively small  when  compared  with  that  of  gears  cut  to 
size  and  distorted  by  heat-treatment. 

Cost  of  Grinding 

The  cost  of  the  finish-grinding  of  roughed  gears  has 
been  proved  to  be  less  than  that  of  the  usual  process 
of  finish-cutting,  heat-treating  and  salvaging.  In  making 
a  comparison  of  costs,  it  is  important  that  the  overhead 
expense  of  finish-cutting  should  bear  the  burden  of  the 
rolling,  mating,  scrap  loss,  sizing,  running  in  of  gears, 
changing  transmissions  on  account  of  noise,  and  all  other 
expense  items  that  are  so  prevalent  in  finished-gear  work. 
This  total  expense  should  be  applied  against  the  finishing 
operation,  when  the  cost  of  finishing  is  compared  with 
that  of  ground  gears  as  grinding  the  gears  eliminates  all 
these  items.  We  take  gears  that  have  been  rough- 
machined  and  heat-treated  and  finish-grind  them  to  a 
true  tooth-form  with  a  scrap  loss  that  normally  is  less 
than  1  per  cent.  We  thus  assume  the  burden  of  all  the 
above  features  of  gear  production. 

Many  manufacturers  have  found  that  the  total  cost  of 
a  finished  transmission,  accepted  and  placed  in  a  car,  is 
less   when   the   gears   are  finish-ground   after  the  heat- 


treatment  than  when  they  are  finish-cut  before  the  heat- 
treatment.  Automotive  manufacturers  who  have  handled 
similar  operations  have  changed  from  the  old  method  of 
selecting  the  product  and  fitting  the  mismated  parts  to 
the  better  method  of  finish-grinding  the  parts  to  accurate 
limits.  It  is  now  standard  practice  to  finish-grind  all  the 
essential  parts  of  the  car  after  heat-treating  them,  as 
it  has  been  found  that  this  practice  is  more  economical 
in  the  end  than  machining  the  parts  before  heat-treating 
them. 

History  of  Gear  Grinding 

Attempts  at  gear  grinding  have  been  numerous.  Rec- 
ords show  that  as  early  as  1874  a  man  molded  a  wheel 
to  the  approximate  shape  of  a  gear  tooth  and  used  it 
for  cleaning  the  surfaces  of  cast  gear-teeth.  He  found 
the  cast  gears  rather  rough  when  they  came  from  the 
foundry,  so  he  put  a  molded  wheel  between  the  teeth  of 
the  cast  gear  and  removed  the  burrs  and  the  projections. 
H.  M.  Leland  of  Detroit  developed  the  Leland-Ferris 
bevel-gear  grinding  machine,  in  which  the  edge  of  a 
wheel  was  used  against  the  gear  tooth  and  the  tooth 
curve  was  generated  to  an  approximately  true  curve. 
This  occurred  about  1898.  There  have  been  many  other 
attempts  at  gear  grinding.  To  grind  gears  accurately  is 
an  art;  it  has  been  attempted  by  many,  but  has  been 
accomplished  by  few. 

Our  types  of  machine,  made  according  to  the  Ward 
design,  are  described  in  a  subsequent  paragraph.  They 
are  illustrated  in  Figs.  1  and  2.  We  have  developed  a 
large  amount  of  special  equipment  for  the  handling  of 
gear-tooth  grinding  that  has  not  as  yet  been  placed  on 
the  market.  It  has  been  our  purpose  to  continue  the 
development  of  this  equipment  until  we  can  handle  the 
gear-tooth  grinding  of  all  types  of  gear. 

Gear-tooth-grinding  jobs  of  many  sorts  come  to  us. 
The  large  gears  used  on  electric  locomotive  drives  are 
sent  because  the  finish  cut  gears  develop  so  much  noise 
after  the  heat-treatment  that  it  has  been  found  necessary 
to  grind  them  in  order  that  they  may  operate  accurately 
without  noise  and  have  longer  life.  The  machining  of 
manganese-steel  gears  containing  13  per  cent  of  man- 
ganese is  a  difficult  job  and  is  feasible  only  with  a 
grinding  wheel.  We  have  ground  the  teeth  of  such  gears 
up  to  20-in.  face,  34-in.  pitch  and  3  to  4-ft.  diameter. 
Some  of  these  are  shown  in  Fig.  3.  In  some  instances 
the  tooth  shapes  were  ground  out  of  the  solid  blanks. 
Grinding  from  the  blanks  was  thought  desirable  because 
the  distortion  of  the  cast  gear-tooth  of  high-manganese 
steel  is  very  large.  Some  of  the  manganese  gears  were 
too  wide  for  our  early  types  of  machine,  but  we  were 
able  to  mount  the  gears  on  an  arbor,  grind  the  faces 
of  the  teeth  in  one  direction,  then  reverse  the  gear  on 
the  arbor,  grind  back  again  to  the  other  grinding  cut 
and,  by  careful  and  accurate  alignment,  make  the  grind- 
ing cuts  meet.  Airplane  gears  require  accuracy  and  long 
life.  A  large  number  of  tractor  gears  are  salvaged  after 
the  heat-treatment.  The  distortion  in  such  gears  fre- 
quently causes  more  noise  than  a  tractor  engine  with  the 
muffler  open.  Many  thousands  of  these  gears  were  too 
noisy  for  open-air  use  on  tractors.  Plain  bevel  gears 
such  as  are  used  normally  in  rear  axles  have  been  ground 
by  us  in  large  quantities.  These  types  give  a  fair  idea 
of  the  variety  of  gear  work  that  we  handle  commercially 
and  indicate  the  wide  range  of  the  requirements  for 
grinding  gear  teeth. 

Types  of  Machine 

Our  machines  are  built  in  either  the  planer  or  the 
shaper  type,   the  emery  wheel  taking  the   place  of  the 
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cutting  tool.  The  shaper-type  machine  is  shown  in  Fig. 
2.  The  wheel  is  mounted  so  that  its  formed  face  passes 
through  the  gear-tooth  space,  grinding  both  sides  of  the 
tooth  and  the  bottom  at  each  cut.  Gears  are  mounted 
on  this  machine  either  singly  or  in  groups  as  conditions 
allow.  Where  a  number  of  gears  are  mounted  on  an 
arbor  they  are  brought  into  accurate  alignment,  then  the 
wheel   passes   through   the   tooth   spaces   of   the   several 


Pig. 


A   Gear-Grinding   Machine  That  Operates 
Principle  as  a  Shaping  Machine 


»n  the   Same 


Fir..  1 — The  Planer  Type  of  Gear-Grinding  Machine 


heat-treatment  without  any  distortion  is  really  very  small. 
With  the  instruments  available  to-day,  it  is  possible  to 
determine  variations  in  gear  teeth  after  the  heat-treat- 
ment. We  recommend  that  tooth-form  indicators  be  used. 
It  is  a  good  practice  to  put  the  finishing  operation  on 
the  gear  teeth  after  the  heat-treatment;  even  if  there  is 
no  other  reason,  surely  the  lessened  interruption  to  pro- 


gears.  After  this  the  arbor  is  indexed,  the  wheel  again 
passes  through  the  next  tooth-space  and  the  operation  is 
repeated  around  the  gear. 

The  shape  of  the  wheel  used  in  grinding  is  accurately 
formed  by  diamonds  that  scribe  or  cut  the  tooth-form  on 
the  face  of  the  grinding  wheel.  Those  who  have  tried 
to  shape  wheels  for  other  purposes  may  find  it  hard  to 
realize  that  we  are  able  to  perform  this  operation  ac- 
curately and  quickly.  The  operation  of  shaping  the  wheel 
has  been  well  standardized  and  brought  down  to  a  pro- 
duction basis  and  occupies  only  a  fraction  of  a  minute. 
We  grind  150  sets  of  gears  per  day  for  one  company  and 
100  sets  for  another  firm  in  continuous  production.  The 
operation  of  the  machine  is  so  accurate  and  simple  that, 
having  completed  an  arbor  of  say  eight  gears,  the  varia- 
tion in  the  grinding  on  the  different  gears  will  not  be 
sufficient  to  register  on  the  testing  apparatus. 

Tooth-Form 

Aside  from  the  errors  of  distortion  from  heat-treat- 
ment, there  is  probably  no  error  that  has  so  great  an 
influence  on  production  as  the  variation  of  the  tooth-form. 
We  have  known  men  to  hide  away  certain  cutters  that 
they  felt  were  producing  gears  accurately,  to  save  them 
for  emergency  use.  Recently  a  cut  gear  was  sent  to  our 
company  by  such  a  man,  who  stated  that  he  had  been 
cutting  gears  successfully  with  the  same  cutter  for  4 
years  and  had  saved  it  especially  to  cut  more  gears  when 
needed.  He  said  that  his  recent  trials  had  not  been 
successful,  that  the  gears  produced  were  very  noisy. 
After  making  a  laboratory  examination  of  the  gear,  we 
found  four  different  shapes  of  teeth  on  the  gear  that 
were  far  out  of  true.  The  gear-tooth  forms  were  high 
and  low.  This  defect  was  due  largely  to  the  heat-treat- 
ment, but  the  tooth-form  on  the  gears  indicated  that  the 
cutting  was  inaccurate,  and  that  the  cutter  had  been 
improperly  set  in  position. 

It  is  true  that  many  gears  are  cut  wrong  when  soft, 
but  the  percentage  of  finish-cut  gears  that  pass  through 


Fig.    3 — Two  Typical   Examples  of  Ground  Gears 

The   Upper  View   Shows    Splined   Shafts  and   a    Stem    Gear ;   in   the 

Lower   Power   Motorboat  Gears  Having   44   Teeth   and  a   Diametral 

Pitch  of  3  Are  Illustrated 
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duction  will  have  weight.  A  manufacturer  recently  de- 
termined that  it  cost  $19  to  take  out  the  transmission 
from  a  finished  car  and  replace  the  noisy  gears.  He  was 
then  tearing  down  50  cars  per  day. 

Gear  Wear 

Much  has  been  said  recently  concerning  the  wear  of 
gear  teeth.  Special  steel  and  methods  of  heat-treatment 
have  been  recommended  in  an  effort  to  limit  the  amount 
of  wear.  All  such  efforts  are  worthy  of  consideration. 
Improper  tooth-form  causes  abrupt  acceleration  and  re- 
tardation that  occur  at  least  once  for  every  tooth-contact, 
and  is  a  large  factor  in  tooth  wear.  Improperly  shaped 
teeth  accelerate  the  normal  wear. 

An  article  on  the  Investigation  of  Tooth  Wear  with 
Automobile  Gear  Steels,  by  E.  R.  Ross,3  was  submitted 
to  the  American  Gear  Manufacturers'  Association  at  its 
October,  1921  meeting,  in  which  much  was  said  con- 
cerning the  wear  of  gear  teeth.  This  article  shows 
where  the  wear  starts  and  how  it  continues  along  the 


tooth  as  the  gears  run  together.  After  the  wear  starts, 
it  will  cut  into  the  surfaces  and  continue  to  grow  along 
the  teeth.  The  rate  of  wear  is  dependent  largely  on 
the  material  of  which  the  gears  are  made,  the  method  of 
heat-treating  them  and  the  distortion  in  the  tooth-form 
that  causes  the  wear. 

With  regard  to  other  parts  of  the  car,  it  has  been 
proved,  as  it  has  been  for  gear  teeth,  that  properly  shaped 
surfaces,  when  finish-ground  and  running  in  oil,  will  last 
for  a  long  time  without  an  objectionable  amount  of  wear; 
it  has  also  been  proved  that  any  improper  shape  of  the 
parts  and  rough  surfaces  will  cause  an  acceleration  in 
wear  that  makes  for  bad  operation  of  the  parts. 

The  grinding  of  gears  is  commercially  a  production 
operation.  Its  aim  is  the  placing  of  the  correct  tooth- 
shape  and  the  proper  surface-finish  on  the  gear-tooth  so 
that  the  gears  can  move  accurately,  noiselessly  and  with- 
out wear.  The  cost  of  finished  acceptable  transmissions 
is  less  when  finish-grinding  is  used.  [The  discussion  of 
this  paper  is  printed  on  p.  185.] 


THE  BUSINESS  OUTLOOK 


A  CAREFUL  study  of  business  statistics  will  convince  one 
that  there  is  not  the  regular  periodicity  about  business 
cycles  that  is  commonly  assumed.  There  are  many  factors 
that  may  retard  or  hasten  the  movement;  and  in  addition 
there  are  many  modifying  factors  in  such  a  relatively  new 
industrial  country  as  the  United  States.  Daring  and  risk- 
taking  have  played  such  a  large  part  in  business  success  in 
this  country,  and  business  activity  of  a  relatively  high  degree 
has  been  so  much  the  normal  condition,  that  it  is  difficult 
for  many  to  believe  that  anything  is  normal  except  large 
profits  and  intense  industrial  activity.  As  industry  and  busi- 
ness become  better  organized,  as  control  is  more  centralized 
and  as  more  information  about  the  market  is  available,  such 
as  probable  demand,  probable  costs  and  probable  supply, 
planning  in  advance  becomes  more  possible. 

Goods  and  services  are  ultimately  always  worth  what  the 
consumer  will  pay  for  them  and  not  simply  what  the  pro- 
ducer thinks  they  are  worth  or  even  what  they  have  cost 
him  to  produce.  Prices  cannot  for  any  long  period  of  time 
remain  below  the  cost  of  production.  But  for  some  time, 
costs  of  production  may  not  be  secured  due  to  the  fact  that 
production  costs  fall  out  of  their  normal  relation  to  the  per- 
manent basic  value  of  the  product.  We  passed  through  a 
period  of  feverish  industrial  activity,  enormous  speculation 
and  very  high  prices,  followed  by  a  period  of  drastic  liquida- 
tion. 

There  may  be  little  new  in  the  purely  ethical  world,  but 
in  Man's  reaction  on  Nature;  that  is,  in  the  technological 
world,  in  industry  and  the  sciences,  there  is  much  that  is  new. 
Our  whole  industrial  and  financial  organization  and  structure 
is  different  from  that  of  the  post-Napoleonic  or  of  the  post- 
Civil  War  periods.  Business  is  better  organized  and  system- 
atized. More  is  known  about  the  market.  News  is  rapidly 
disseminated  over  the  world.  Capital  flows  readily  from  one 
nation  to  another. 

Readjustments  of  various  kinds  must  still  take  place  before 
the  effects  of  war-time  conditions  can  be  wholly  eliminated 
from  consideration.  This  is  especially  true  of  the  malad- 
justment that  still  exists  between  various  commodities  and 
certain  classes  in  the  community.  The  tendency  of  prices, 
at  present,  is  upward,  but  not  uniformly  so,  with  the  result 
that,  on  the  whole,  a  better  equilibrium  of  the  price  level  is 
gradually  being  obtained.  While  business  will  doubtless 
continue  on  the  upward  trend  through  the  larger  portion  of 
1923,  there  are  too  many  obvious  adjustments  which  must  be 


•See  Automotive  Industries.  Nov.  3,  1921,  p.  865. 


made  that  will  prevent  the  upward  movement  from  being 
carried  along  to  any  undue  heights.  Since  transportation 
facilities  cannot  be  quickly  expanded,  they  constitute  a  severe 
handicap  to  the  fullest  expansion  of  business.  Conditions 
abroad  are  approaching  the  point  where  force  of  necessity 
will  compel  some  fundamental  readjustments. 

Our  strong  financial  position  is  one  of  the  few  favorable 
factors  in  the  international  financial  situation.  Strong  as  this 
position  is,  it  should  not  be  assumed  that  the  apparent  strength 
is  of  such  proportions  as  to  warrant  anything  but  a  conserva- 
tive credit  policy.  Great  burdens  in  the  way  of  assisting  in 
the  flotation  of  long-term  investment  securities  have  been 
placed  upon  the  commercial  banking  structure  of  this  country 
in  recent  years.  It  is  doubtful  whether  the  securities  now 
in  the  hands  of  banks  could  be  liquidated  in  large  volume  as 
easily  as  some  would  lead  us  to  believe. 

Among  the  outstanding  factors  in  the  present  situation 
are: 

(1)  The  present  tendency  of  business  is  upward,  but 
further  increases  above  the  existing  physical  vol- 
ume of  trade  are  handicapped  by  the  lack  of  ade- 
quate transportation  facilities 

(2)  The  upward  movement  of  prices  may  well  continue 
in  the  case  of  some  classes  of  commodities,  but 
there  will  probably  be  a  marked  resistance  to  too 
rapid  and  too  great  advances  in  the  case  of  consum- 
ers' goo'ds.  One  of  the  unfortunate  effects  of  the 
transportation  situation  is  that  it  may  produce  a 
temporary  "place  scarcity"  of  some  commodities, 
with  the  result  that  some  unhealthy  price  advances 
may  occur 

(3)  Wages,  like  prices,  will  probably  reach  higher  lev- 
els in  some  lines  of  business.  This,  coupled  with 
higher  raw-material  costs,  in  the  face  of  a  resisting 
market,  will  probably  tend  to  restrict  industrial 
profits,  even  though  business  activity  continues  at 
a  relatively  high  level 

(4)  While  the  Federal  Government  has  been  making 
some  progress  in  reducing  expenses,  there  is  no 
sound  basis  for  assuming  that  any  material  reduc- 
tion in  taxes  can  be  expected  in  the  near  future. 
As  a  matter  of  fact,  if  some  of  the  plans  that  are 
now  under  consideration  are  put  into  force,  taxes 
may  tend  higher  rather  than  lower. — W.  F.  Gep- 
hart,  Vice-President,  First  National  Bank  of  St. 
Louis 
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Passenger-Car  Developments  and 

Prophecies 


By  F.  E.  Watts2 


THE  past  year's  progress  has  been  in  two  apparently 
divergent  directions;  one  toward  better  perform- 
ance and  the  other  toward  cheaper  production.  In 
the  first  class  of  changes,  the  engine  has  received  most 
attention.  The  fundamentals  of  crankshaft  design  are 
being  evolved  and  the  variety  of  multiple-bearing  shafts, 
disc-cheek  shafts,  counterweighted  shafts,  and  the  like, 
together  with  the  use  of  double  flywheels  and  of  damp- 
eners,  shows  that  finality  has  not  been  approached'. 
Naturally,  this  work  has  drawn  renewed  attention  to  the 
desirability  of  light  reciprocating  parts.  In  many  cases 
this  has  resulted  in  the  adoption  of  aluminum-alloy  pis- 
tons and,  in  some  few  cars,  forged-duralumin  connecting- 
rods  are  being  used.  This  last  is  a  most  significant  de- 
velopment. Price  alone  stands  in  the  way  of  a  consider- 
able use  of  the  new  aluminum  alloys.  It  is  to  be  hoped 
that  aluminum  manufacturers  will  find  means  during  the 
coming  year  to  reduce  their  costs,  so  that  they  can  get 
the  quantity  business  so  vital  to  their  industry  and  to 
ours. 

Only  meager  progress  has  been  made  toward  the  better 
utilization  of  fuel.  A  majority  of  European  cars  have 
adopted  higher  compression,  and  use  heavy  thick-headed 
aluminum  pistons,  for  thermal  reasons  only;  but  in  this 
Country,  where  smoothness  is  more  important  than  fuel 
economy,  the  light-weight  split-skirt  piston  with  narrow 
rings,  often  four  or  more  per  piston,  predominates. 

Developments  in  combustion-chamber  shapes  and  in 
manifolds  have  not  resulted  in  much  change  commercially. 

The  use  of  doped  fuels  is  not  commercialized  as  yet. 
All  these  are  subjects  of  that  fundamental  research 
which  is  itself  one  of  the  most  important  and  gratifying 
features  of  the  year's  progress. 

Air-cooling  will  come  to  the  front  as  an  issue  in  1923. 
So  will  the  so-called  "steam-cooling"  systems,  if  the 
patent  situation  clears. 

Ignition,  starting  and  lighting  developments  show  only 
detail  improvements  in  this  Country;  but  the  combined 
generator  and  magneto  has  had  important  development 
abroad.  The  coming  year  may  see  progress  in  American 
machines  of  this  type. 

Camshaft  design  has  made  considerable  progress, 
chiefly  in  the  direction  of  securing  quiet  valves  with  con- 
siderable clearance  between  the  valve  and  the  tappet. 
There  is  a  marked  tendency  toward  the  adoption  of 
chromium  and  silicon  alloys  for  poppet  valves.  Both 
these  improvements  increase  the  mileage  between  over- 
haulings. 

Much  development  work  is  being  done  on  sleeve-valve 
engines,  and  also  on  fuel-injection  systems. 

Three  aids  to  engine  durability  have  begun  to  attract 
attention.  They  are  aluminum-alloy  piston-heads  that 
reduce  the  carbonization  of  the  crankcase  oil;  oil  stills 
that  remove  unvaporized  fuel  from  it ;  and  air-cleaners 
that  prevent  road  dust  from  being  carried  into  the  engine 


1  Annual   report   of    the    Second    Vice-President   representing  pas- 
senger-car engineering. 

2  M.S.A.E. — Chief  engineer,  Hupp  Motor  Car  Corporation,  Detroit. 


with  the  carbureted  air.  At  present,  it  is  impossible  to 
foretell  the  value  of  any  of  these. 

The  plate  clutch  has  been  developed  to  a  point  where 
it  is  evident  that  it  will  replace  all  other  types  for  moder- 
ate powers. 

In  change  gears  the  outstanding  features  are  an  in- 
creased adoption  of  high-carbon  alloy  gear-steels  in  this 
Country,  in  contrast  to  the  continued  use  of  case- 
hardened  steels  abroad;  the  continued  increase  in  the  use 
of  ground  gear-teeth;  improvements  in  gear  cutters  and 
gear  teeth  due  to  optical  methods  of  testing;  and  the 
tendency  in  Europe  to  reduce  the  number  of  forward 
speeds  from  four  to  three,  in  spite  of  the  high  price  of 
fuel. 

Universal-joint  makers  are  preparing  to  give  us  shafts 
that  will  run  reasonably  true  and  not  wear  too  rapidly. 
This  is  being  accomplished  by  the  use  of  oil  lubrication 
on  the  metal  joints,  centering  devices  on  the  fabric  joints 
and  tubing  of  better  quality  in  both  types. 

Rear  axles  have  not  been  greatly  developed.  Front 
axles  remain  about  the  same  as  a  year  ago  except  that, 
in  Europe,  the  increasing  adoption  of  four-wheel  brakes 
has  brought  new  problems.  A  number  of  American  cars 
will  be  equipped  with  brakes  on  all  wheels  before  the 
end  of  1923.  They  increase  the  safe  speed  of  opera- 
tion, but  add  complications  such  as  cost  and  unsprung 
weight. 

Steel  wheels,  both  disc  and  spoked,  are  being  developed 
very  rapidly.  Large-section  thin-walled  tires,  such  as 
32  x  6-in:  and  34  x  7-in.,  are  being  made  experimentally. 
They  give  promise  of  superior  riding  qualities. 

Chassis-suspension  improvements  are  matters  of  de- 
tail, except  that  fabric  and  rubber  shackles  and  supports 
have  made  real  progress. 

Fabric  engine  supports  have  made  their  appearance, 
and  probably  more  of  these  will  be  seen  this  year. 

Chassis  frames  in  general  are  heavier  and  stiffer;  this 
is  due  partly  to  the  increasing  number  of  closed  bodies. 

Closed-Body  Quantity-Production 

The  most  outstanding  development  of  the  year,  how- 
ever, is  the  adaptation  of  the  closed  body  to  cheap  quan- 
tity production.  Starting  with  four  and  five-passenger 
two-door  bodies,  rapid  production  methods  have  spread 
to  other  types.  Cheaper  framing,  the  development  of 
unit  assembly  and  progressive  final  assembly,  and  the 
adoption  of  belt  molding  in  place  of  the  overlapping  joint 
are  a  few  of  the  items  that  have  contributed  to  lower 
costs.  Two  new  styles  have  been  evolved,  the  business 
coupe  and  the  business  sedan.  They  open  closed-car  mar- 
kets that  have  scarcely  been  scratched. 

Further  development  of  closed  bodies  is  proceeding 
along  the  two  lines  of  the  all-wood-and-fabric  job,  and 
the  all-metal  enamelled-job  with  detachable  upholstery. 

With  a  demand  for  closed  cars  estimated  at  between 
40  and  60  per  cent,  it  becomes  increasingly  important  to 
get  them  out  quickly  and  cheaply.  To  this  end  quick 
paint  and  enamel  processes   are  being  developed.     The 
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progress  being  made  in  regard  to  body  hardware  is 
astonishing. 

Bodies,  tops  and  seats  are  lower,  and  radiators  and 
hoods  are  higher  than  formerly  on  most  recent  designs. 

The  "cubic  capacity"  of  the  bodies  is  less,  which  aids 
in  the  cheapening  process  that  is  going  on  in  all  the  im- 
portant  details  of  the  car.     This  process  will,   next  to 


closed-body  changes,  be  the  most  important  development 
of  1923.     It  is  the  result  of  price  competition. 

Only  one  important  step  has  been  made  toward  the 
light  car  of  the  future.  I  refer  to  the  new  four-cylinder 
Lancia;  with  a  122-in.  wheelbase,  a  50-hp.  engine  and  a 
touring  body,  it  weighs  only  1650  lb.  Apparently,  its 
value  as  a  guide-post  to  the  industry  is  not  yet  realized. 


JANUARY  COUNCIL  MEETINGS 


THE  1922  Council  held  the  last  sessions  of  its  administra- 
tion on  Jan.  8  and  9,  at  New  York  City,  the  following- 
being  present:  President  Bachman,  First  Vice-President 
Whitbeck,  Vice-Presidents  Young  and  Watts,  Past-President 
Beecroft,  W.  R.  Strickland,  H.  M.  Crane,  W.  A.  Brush,  C.  F. 
Scott,  H.  W.  Alden,  A.  W.  Scarratt,  F.  W.  Gurney  and  E.  A. 
•Johnston. 

The  financial  statement  showed  as  of  Dec.  31,  1922,  a  net 
balance  of  assets  over  liabilities  of  $125,909.84,  this  being 
$8,341.90  less  than  the  corresponding  figure  on  the  same  day 
of  1921.  The  income  of  the  Society  for  the  first  3  months  of 
the  current  fiscal  year  amounted  to  $68,106.40,  including 
receipts  from  the  sales  of  annual-dinner  tickets.  The  operat- 
ing expense  during  the  same  period  was  $64,673.88. 

Forty  applications  for  individual  membership  and  17  for 
student  enrollment  were  approved.  The  following  transfers 
in  grade  of  membership  were  made:  From  Associate  to  For- 
eign Member,  H.  H.  Winburg;  Junior  to  Member,  Julius  F. 
Melzer  and  John  M.  Wood;  Associate  to  Member,  C.  B.  Cur- 
tiss  and  Edward  Wotton;  Service  Member  to  Member,  Fred- 
erick Y.  Dawson,  H.  S.  McDewell,  Frederick  A.  Truesdell. 
H.  C.  Wilson  and  G.  E.  A.  Hallett. 

The  following  subjects  were  assigned  to  the  Standards 
Committee: 

High-Chromium  Steel — Iron  and  Steel  Division 
Molybdenum  Steel- — Iron  and  Steel  Division 

At  the  session  of  the  Council  held  on  Jan.  9  Chairman 
Johnston,  of  the  Standards  Committee,  reported  in  detail  the 
action  taken  by  that  committee  on  the  same  day  with  regard 
to  the  proposals  of  17  of  its  Divisions  as  set  forth  elsewhere 
in  this  issue  of  The  Journal.  The  proceedings  of  the  Stand- 
ards Committee  were  approved  for  submission  to  the  Society 
in  meeting  assembled  on  Jan.  10,  for  consideration  in  the  mat- 
ter of  referring  the  recommendations  of  the  Divisions  by 
letter-ballot  to  the  voting  members  of  the  Society  for  final 
adoption. 

Organization  Session  of  1923  Council 

The  organization  session  of  the  1923  Council  was  attended 
by  President  Alden,  First  Vice-President  Crane,  Vice-Presi- 
dents Masury,  Warner  and  Scarratt,  Past-President  Bach- 
man and  Councillors  Swetland,  Scaife,  Scott  and  Chryst. 

President  Alden  announced  the  personnel  of  the  1923  Ad- 
ministrative Committees  as  follows: 

CONSTITUTION    COMMITTEE 

C.  B.  Veal,  Chairman 


Fred  Glover 
E.  S.  Jordan 


FINANCE  COMMITTEE 
H.  M.  Swetland,  Chairman 

C.  B.  Whittelsey 


K.  W.  Zimmerschied 


HOUSE  COMMITTEE 


('.  F.  Kettering,  Chairman 
A.  J.  Brosseau  Milton  Tibbetts 

E.  A.  Sperry  John  Younger 


O.  C.  Berry 
T.  J.  Litle,Jr. 


MEETINGS    COMMITTEE 

M.  P.  Rumney,  Chairman 

T.  Milton 
C.  F.  Scott 


Thomas  Midgley,  Jr. 


E.  P.Warner 


W.  C.  Keys 
H.  J.  Porter 


MEMBERSHIP  COMMITTEE 
L.  R.  Smith,  Chairman 

C.  W.  Stratford 
A.  M.  Wolf 

PUBLICATION   COMMITTEE 
E.  P.  Warner,  Chairman 


H.  C.  Dickinson 
D.  L.  Gallup 


F.  C.  Mock 
O.  E.  Hunt 


W.  A.  Brush 
H.  R.  Corse 


SECTIONS  COMMITTEE 

H.  W.  Slauson,  Chairman 

B.  F.  Kelly 
O.  A.  Parker 


W.  A.  Brush 


A.  L.  Riker 


President  Alden  announced  that  Past-President  B.  B.  Bach- 
man had  accepted  the  chairmanship  of  the  Highways  Com- 
mittee. 

The  following  transfer  in  grade  of  membership  was  made: 
From  Associate  to  Member,  Mason  P.  Rumney. 

Discussion  was  had  as  to  the  program  of  meetings  out- 
lined by  the  Meetings  Committee  for  1923. 

The  names  of  the  members  who  will  serve  this  year  as 
Chairmen  and  Vice-Chairmen  of  the  Standards  Committee 
and  its  Divisions  were  reported.  These  are  listed  in  this  issue 
of  The  Journal,  as  well  as  those  named  by  the  Council  for 
service  on  the  various  Divisions. 

The  next  meeting  of  the  Council  was  scheduled  to  be  held  in 
New  York  City  on  Feb.  26. 
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Hobbing-Machine  Operation 


By  John  Edgar1 


Detroit  Section  Papei 


THE  author  discusses  briefly  the  major  factors  upon 
which  the  successful  operation  of  hobbing  machines 
depends.  A  distinction  is  made  between  difficulties  that 
are  presented  by  the  hob  itself  and  those  due  to  the 
machine,  suggestions  for  surmounting  these  difficulties 
being  included.  Emphasis  is  placed  upon  the  fact  that 
a  hob  is  a  precision  tool,  accurate  within  tenths  of 
thousandths  of  an  inch. 

Methods  of  securing  rigid  rotation,  the  avoidance  of 
run-outs,  concentricity  of  rotation,  accuracy  of  index- 
ing, proper  maintenance  and  other  features  are  indi- 
cated. The  condition  of  the  finished  tooth-surface  is 
divided  into  two  classes  and  commented  upon,  the  in- 
fluence of  the  holding  devices  used  being  mentioned. 
The  author  concludes  that  much  of  the  dissatisfaction 
encountered  in  the  hobbing  process  can  be  overcome  if 
more  careful  set-ups  of  the  hob  and  the  work  are  made. 

MANY  engineers  do  not  appreciate  the  full  ex- 
tent of  usefulness  of  the  hobbing  process.  A 
better  understanding  of  its  capabilities  will 
do  much  to  overcome  their  antipathy.  Any  sugges- 
tions that  aid  in  better  adapting  its  peculiarities  to  the 
needs  of  those  who  favor  its  use  are  always  appreciated. 
The  human  element  enters  into  its  employment  as  in  any 
other  process  of  manufacture,  and,  to  get  the  greatest 
benefit  from  its  wonderfully  simple  operation,  condi- 
tions of  usage  must  be  given  proper  attention. 

As  the  quality  of  results  is  a  varying  factor  in  the 
discussion  of  any  process,  there  being  no  well-estab- 
lished limits  of  toleration  in  general  use  in  the  some- 
what mysterious  generating  processes,  no  great  re- 
liance can  be  placed  upon  the  phrases  "high  quality," 
"accurate,"  "extreme  accuracy"  and  "good  finish,"  as 
comparing  units.  To  obtain  a  comparative  unit  that 
can  be  used  in  a  general  discussion,  one  must  be  lim- 
ited to  some  definite  terms  as  is  now  generally  the 
case  in  the  processes  of  manufacture  where  the  fine 
measuring  instruments  obtainable  can  be  used  and  a 
fractional  limit  can  be  stated.  The  gear-cutting  indus- 
try does  not  seem  to  have  arrived  at  that  state.  Until 
some  of  the  instruments  now  under  development  are 
perfected,  there  is  bound  to  be  much  confusion  and  mis- 
understanding. 

The  Hobbing  Process 

The  hobbing  process,  as  well  as  other  processes  used 
in  the  production  of  gears  for  transmission  and  for 
timing-gear  trains,  will  therefore  continue  to  suffer  as 
in  the  past.  As  a  result,  the  process  is  made  to  shoulder 
much  of  the  blame  that  should  be  placed  elsewhere. 
There  seems  to  be  no  better  remedy  for  the  difficulty  in 
the  meantime  than  the  expensive  process  of  meeting 
each  case  on  its  own  merits.  We  hope  that  the  final 
result  of  present  development  will  make  it  possible  to 
measure  a  gear  in  a  conjugate  sense  with  as  definite 
results  as  we  now  measure  a  shaft  for  diameter  and 
length. 

In  itself,  the  hobbing  process  presents  few  if  any 
mechanical  difficulties.  Its  mechanism  is  simple  and 
direct  in  action;   the   one-way   direction  of  movement 


1  Designing  engineer,  Barber-Colman  Co.,  Rockford.  111. 


eliminates  many  elements  that  we  find  to  be  trouble 
producers  in  other  processes.  Once  properly  adjusted, 
the  mechanism  will  operate  without  further  attention 
for  a  given  length  of  time  with  good  results;  whereas, 
in  alternate  mechanisms,  frequent  and  expensive  ad- 
justments and  replacements  are  required  if  an  equal 
degree  of  accuracy  is  desired. 

The  reason  for  any  mechanism  on  machine  tools  is 
to  work  a  tool  in  proper  conjunction  with  the  blank  be- 
ing operated  upon.  This  is  met  in  the  hobbing  machine 
when  we  get  the  hob  working  in  proper  relation  to  the 
gear  blank.  When  we  desire  a  quiet-running  accurate 
gear,  the  hob  must  be  a  precision  tool  and,  in  making 
the  ground  hob  to-day,  the  degree  of  accuracy  re- 
quired limits  the  toleration  of  error  to  tenths  of  thou- 
sandths of  an  inch  in  both  lead  and  tooth  outline. 

Having  obtained  a  hob  of  the  precision  type,  we 
must  follow  in  its  use  and  in  all  the  subsequent  opera- 
tions of  sharpening  and  setting-up  the  same  degree  of 
care  that  is  taken  in  its  manufacture.  Properly  sharp- 
ened, this  type  of  hob  should  not  run  out  of  true  at 
the  peripheral  cutting  edges  more  than  a  small  frac- 
tion of  0.001  in.,  because  any  run-out  there  indicates  a 
wabbly  path  of  the  generating  edges.  Provision  is  now 
made  in  the  ground  hubs  at  each  end  of  the  hob  to 
check  up  the  run-out  of  the  hob  as  a  whole  when  set 
up  on  the  hobbing  machine.  These  are  supposed  to 
show  no  movement  of  the  indicator  that  is  used  for 
checking  them. 

Hobbing-Machine  Operation 

Assuming  that  the  above  conditions  are  met,  we  now 
come  to  other  items  that  need  attention  to  operate  a 
hobbing  machine  successfully.  The  hob  spindle  should 
be  run  in  closely  fitting  bearings  so  that  no  run-out  is 
observable  in  its  rotation,  and  all  end-play  must  be 
eliminated.  An  indicator  placed  so  as  to  check  end- 
play  should  show  no  wabble  of  the  needle  when  the 
spindle  is  rotating;  in  other  words,  the  hob  must  be 
securely  rotated  in  a  fixed  transverse  plane  and  be 
concentric  with  the  axis  of  rotation.  The  work  spindle 
also  must  be  held  securely  during  its  rotation  in  closely 
adjusted  bearings,  and  the  rotation  of  the  work  ob- 
viously should  be  concentric  with  the  hole  in  the  work 
spindle.  The  plane  parallel  with  the  sides  of  the  gear 
should  be  perpendicular  to  the  axis. 

The  accuracy  of  indexing  is  affected  by  the  condition 
and  the  adjustment  of  the  worm  and  the  worm  gear. 
The  worm  gear  should  be  fastened  securely  on  the 
spindle  so  that  the  pitch-circle  will  rotate  concentrically 
with  the  axis  of  the  spindle;  also,  it  should  have  no 
side  wabble.  The  worm  should  be  adjusted  until  there 
is  no  appreciable  end-play,  and  it  should  also  run  con- 
centrically with  its  axis.  The  adjustment  between  the 
worm  and  the  gear  should  be  as  close  as  it  can  be  run 
without  heating,  which  should  be  the  case  with  little  or 
no  backlash  in  the  mesh  when  run  dry. 

The  intermeshing  mechanism  connecting  the  hob  and 
the  work  spindles  will  not  show  any  appreciable  effect 
on  the  results  if  it  is  made  to  close  commercial  limits 
and  kept   in   good  condition.     Bearings  should  not  be 
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allowed  to  become  too  loose  and  gears  too  badly  worn. 
Machines  have  been  found  in  operation  with  the  bear- 
ings worn  so  that  the  shaft  would  rattle  in  them  and 
with  gears  worn  lopsided,  but  they  were  still  kept  on 
aroduction  work  with  apparent  satisfaction  as  to  re- 
sults. However,  good  results  cannot  be  expected  of  any 
iiachine  if  it  is  not  in  first-class  running-condition. 

Operating  Conditions 

To  just  what  extent  the  condition  of  the  machine 
may  show  in  the  tooth  bearing  of  the  gears  is  a  disputed 
question.  It  seems  that  we  may  divide  the  condition  of 
the  tooth  surface  into  two  classes;  first,  that  which 
shows  split  and  high  or  low  bearings.  Such  bearings 
can  safely  be  blamed  upon  the  hob,  because  a  regular 
wabbly  condition  of  generating  edges  is  the  cause  of  the 
split  bearing  and  also  of  the  high  or  low  and  alternate 
bearing  on  the  gear  teeth.  A  wabbly  lead  or  a  run-out 
of  form  are  the  faults  that  should  be  remedied  in  the 
hob.  These  conditions  could  be  obtained  only  in  a 
machine,  if  the  machine  were  at  fault,  in  which  the  hob 
arbor  is  given  a  regular  acceleration  of  angular  velo- 
city; but  this  is  very  unlikely  to  happen.  If  any  varia- 
tion in  angular  velocity  does  occur,  the  timing  of  the 
period  would  be  altogether  likely  to  be  different  for  suc- 
cessive revolutions.  This  would  lead  to  a  choppy  ap- 
pearance of  the  tooth  surface  similar  to  that  due  to 
chatter,  but  not  so  regular  and  would  tend  to  produce 
the  appearance  of  a  hand-scraped  surface. 

The  second  condition  of  tooth  surface  is  that  which 
shows  a  variation  in  the  bearing  along  the  face  of  the 
tooth  parallel  with  the  axis.  This  may  show  a  bearing 
that  alternates  from  one  side  of  the  tooth  to  the  other 
with  decided  steps,  or  it  may  show  what  is  termed  a 
"cross-bearing,"  showing  the  bearing  on  alternate 
sides  of  the  tooth  at  the  extreme  ends.  This  condition 
is  due  to  the  poor  adjustment  of  both  the  hob  and  work 
spindles  in  loosely  fitted  bearings.  Where  this  shows 
on  the  gears,  the  only  remedy  is  to  rescrape  the  bear- 
ings. Cross-bearings  in  spiral  gears  also  are  due  to  the 
use  of  change-gears  that  have  not  been  properly  com- 
puted. 

When  cutting  helical  gears,  the  amount  of  feed  should 
be  calculated  to  very  close  limits  of  from  6  to  10 
decimal  places,  depending  upon  the  width  of  the  face. 
Spotty  bearings  in  spiral  gears  may  show  a  bad  condi- 
tion of  the  lead  screw,  due  to  either  a  drunken  thread 
or  to  the  thrust  bearing  being  out-of-true.  Where  the 
lead  screw  is  at  fault,  the  fact  can  be  determined  by  an 
examination   of  the   gear,   which  will   show  a   regular 


interruption  of  bearing  across  the  face  at  intervals 
equal  to  the  pitch  of  the  lead  screw  measured  parallel 
on  the  gear  axis. 

Holding  devices  often  influence  the  finish  of  gear 
teeth  and,  in  some  cases  where  the  layout  is  not  care- 
fully designed,  they  will  produce  bearings  that  cause 
the  condition  of  the  machine  itself  to  be  questioned.  If 
the  backing-up  of  the  cut  is  not  properly  attended  to, 
the  strain  set  up  by  the  cut  will  be  gradually  released 
when  the  hob  is  cutting  through,  causing  a  falling  off 
of  the  bearing  near  the  end  of  the  teeth  last  operated 
on  by  the  hob. 

Cross-bearing  is  sometimes  caused  by  a  creeping  of 
the  work,  due  to  its  not  being  tightly  held  against  the 
torsional  thrust  of  the  hob.  This  torsional  thrust  is 
not  due  so  much  to  a  wormlike  thrust  of  the  thread,  but 
to  the  fact  that  the  hob  is  set  at  an  angle  with  the  axis 
of  the  work  so  that  a  cross  pressure  is  exerted.  This 
condition  is  more  often  found  where  large  work  is  be- 
ing cut  with  merely  the  hubs  of  the  gears  as  clamping 
surfaces.  Creeping  must  be  guarded  against  adequate- 
ly in  all  spiral  gear-cutting.  Where  possible,  this  can 
be  effected  by  the  use  of  a  key. 

When  the  work  is  clamped  in  gangs,  the  faces  of  the 
blanks  must  be  parallel,  within  small  limits;  any  error 
here  will  cause  a  run-out  of  the  finished  work.  The 
actual  error  is  difficult  to  measure  after  the  work  is 
clamped  up  unless  the  outside  diameter  is  true  with 
the  hole,  which  is  not  often  the  case  on  production 
work.  For  accurate  finishing-cuts,  the  policy  of  cutting 
but  one  gear  at  a  time  has  much  to  commend  it. 

Everything  that  has  been  mentioned  in  this  connec- 
tion applies  to  the  holding  of  silent-chain  sprockets  in 
the  machine.  To  get  the  straight  side  of  a  sprocket 
tooth  within  the  limits  of  error  that  the  chain  manu- 
facturers require,  necessitates  the  use  of  a  hob  of  the 
high-precision  type  and  extreme  care  must  be  used  in 
setting  it  up.  Hobbing  splined  shafts  is  a  much  more 
satisfactory  proposition,  because  here  we  can  work  to 
definite  measurable  limits  so  that  the  confusion  en- 
countered in  gear  cutting  is  eliminated.  Hobs  for  all 
finished  work  must  be  closely  made  as  to  form  and 
carefully  set  up.  Much  of  the  dissatisfaction  encoun- 
tered in  the  hobbing  process  can  be  overcome  if  more 
careful  set-ups  of  the  hob  and  the  work  are  made. 

To  those  who  use  a  hobbing  machine  daily,  its  opera- 
tion becomes  second  nature.  For  that  reason  I  have  not 
mentioned  various  points  that  there  may  be  some  ques- 
tion about  in  the  minds  of  many  engineers.  [The  dis- 
cussion of  this  paper  is  printed  on  p.  185.] 


THE  MOTOR  TRUCK  AND  OUR  RAILROADS 

(Concluded  from  p.  154) 


very  brief.  Barring  a  very  small  proportion,  involving 
exceptional  and  unusual  circumstances,  all  carload  freight, 
even  over  very  short  distances,  can  be  handled  with  far 
greater  efficiency  upon  railroad  lines  than  by  truck.  I 
think,  therefore,  the  trucks  should  not  seek  to  invade  the 
carload  field. 

There  is  only  one  further  thought  that  I  wish  to  leave 


with  you.  The  spirit  in  which  all  of  our  problems  of  co- 
ordination ought  to  be  approached  is  one  of  live-and-let- 
live.  For  the  men  in  both  your  occupation  and  mine,  the 
primary  purpose  should  be  to  guide  the  development  of 
that  relationship  along  sane  and  sensible  lines,  so  that 
each  form  of  transportation  may  be  enabled  to  give  to 
humanity  the  maximum  service  of  which  it  is  capable. 
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How  to  Use  Gear-Cutting  Hobs 


By  S.  O.  Bjornberg1 


Detroit  Section  Paper 


Illustrated  with  Photographs  and  Charts 


SINCE  a  gear  is  a  product  of  the  cutting  tool,  the 
gear-cutting  machine  and  the  operator,  it  can  be  no 
more  accurate  than  the  combined  accuracy  of  these 
fundamental  factors.  All  gear  manufacturers  aim  to 
eliminate  split  bearings,  high  and  low  bearings,  flats 
and  other  inaccuracies  in  tooth  contour,  because  a  gear 
having  teeth  the  contours  of  which  comply  with  the 
geometrical  laws  underlying  its  construction  is  by  far 
the  most  satisfactory. 

Illustrations  are  presented  to  convey  an  understand- 
ing of  the  geometrical  principles  involved,  together 
with  other  illustrations  of  testing  instruments  and 
comments  thereon.  The  application  of  these  instru- 
ments is  termed  quality  control,  which  is  discussed  in 
some  detail  under  the  headings  of  hob  control,  machine 
control  and  gear  control.  The  author  states  that  these 
testing  instruments  enable  a  gear  manufacturer  to 
know  what  results  he  obtains  with  gears,  hobs  and  ma- 
chines, and  thus  assist  in  the  securing  of  a  uniform 
product. 

GEARS  that  run  quietly  constitute  one  of  the  im- 
portant requirements  in  a  modern  automobile. 
Since  noisy  gears  are  always  found  to  be  inaccu- 
rate, the  problem  of  how  to  manufacture  accurate  gears 
is  the  paramount  issue  of  today  in  the  many  plants 
that  make  gears  for  the  automotive  industry. 

All  gear  manufacturers  aim  to  eliminate  split  bear- 
ings, high  and  low  bearings,  flats  and  all  other  inaccu- 
racies in  the  tooth  contour,  the  idea  being  that  a  gear 


HOB 


Fig.   1 — Diagram   Showing  the  Generation  of  a  Gear  Tooth  by 
the  hobbing  process 

having  teeth  the  contours  of  which  comply  with  the 
geometrical  laws  underlying  its  construction  will  make  a 
better  gear  than  one  not  having  teeth  so  formed.  A  gear 
is  a  product  of  the  cutting  tool,  the  gear-cutting  machine 
and  the  operator,  and  therefore  it  can  be  no  more  accu- 
rate than  the  combined  accuracy  of  these  three  factors. 
If  this  fundamental  statement  is  kept  in  mind  by  gear 
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Fig.  2 Chart  Showing  a  Method  for  Calculating  the  Last 

Point  of  Contact  between  a  Gear  Tooth  and  a  Hob  Tooth 

makers,  it  will  go  a  long  way  toward  eliminating  gear 
trouble,  provided  the  system  of  gearing  used  is  correct 
theoretically. 

We  have  developed  a  number  of  inspection  instruments 
to  control  the  manufacturing  process  of  gears,  based  on 
the  fundamental  laws  of  gearing.  These  instruments  will 
help  the  manufacturer  to  know  what  results  he  is  actually 
obtaining  in  regard  to  his  gears.  We  have  chosen  to 
term  the  application  of  these  instruments  quality  control, 
and  have  divided  it  into  the  three  phases  of  hob  control, 
machine  control  and  gear  control. 

In  considering  the  hob,  it  is  necessary  to  understand  a 


1  Consulting  engineer,  Illinois  Tool  Works.  Chicago. 


Fig.   3 — Diagram  for  Determining   the  Arc  of  Contact  between 

Ant  Two  Mating  Gears  and  the  Length  of  Contact  That  the 

Involute  Curve  Has  with  Its  Mating  Gear  Tooth 
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Fig.  4 — A  Hob  i.v  Place  on  the  Contour-Testing  Machine 

few  of  the  geometrical  conditions  involved.  Fig.  1  shows 
a  gear  tooth  being  generated  by  the  hobbing  process,  and 
how  the  successive  cuts  of  the  hob  teeth  form  the  invo- 
lute curve.  Fig.  2  is  a  chart  showing  a  method  of  calcu- 
lating the  last  point  of  contact  that  a  gear  tooth  has  with 
a  hob  tooth.  Fig.  3  shows  the  calculations  necessary  to 
determine  the  arc  of  contact  that  any  two  mating  gears 
have,  and  also  the  length  of  contact  that  the  involute 
curve  has  with  its  mating  gear  tooth. 

In  designing  a  hob  it  is  necessary  to  know  what  these 
contacts  are,  because  the  present  type  of  involute  gear- 
ing is  usually  made  with  small  approach  curves  at  the 
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addenda,  and  the  hob  has  to  be  designed  so  that  it  will 
produce  the  required  approach  curves  without  breaking 
the  arc  of  contact  of  the  mating  gears.  After  making 
these  calculations,  a  hob  must  then  be  produced  that 
will  fulfill  these  geometrical  laws  correctly,  and  it  must 
therefore  have  the  correct  contour  on  all  of  its  cutting 
teeth.  It  must  also  have  all  its  cutting  teeth  in  the  true 
helical  path  and  all  its  cutting  edges  concentric.  To 
check  hobs  for  the  three  fundamental  requirements  of 
correct  contour  of  teeth,  proper  location  of  contour  on  the 
path  of  the  helix  and  uniform  distance  of  contour  from 
the  axis  of  the  hole,  we  have  brought  out  instruments 
that  will  indicate  how  closely  the  finished  hob  approaches 
the  ideal  conditions. 

Hob  Control 

Fig.  4  shows  a  hob  on  the  contour-testing  instrument. 
The  indicator  arrangement  is  constructed  so  that  a  move- 
ment of  0.001  in.  of  the  contact  point  is  registered  as 
0.005  in.  on  the  dial  indicator.  Therefore  a  movement  of 
0.0010  in.  on  the  dial  indicator  gives  a  movement  of 
0.0002  in.  on  the  contact  point.  By  this  arrangement, 
it  is  possible  actually  to  check  the  contour  of  the  hob 
tooth  in  ten-thousandths  of  an  inch.  The  instrument  is 
very  sensitive  and,  as  the  contact  is  a  knife-edge,  it  will 


Fig.  5 — Typical  Examples  of  Form  or  Contour  Charts 


Fig.  6 — A  Hob  on  the  Lead-Testing  Machinb 

actually  register  such  elevations  and  depressions  as  would 
be  caused  by  rough  grinding.  The  indicator  slide  is  fed 
inward  in  increments  of  0.010  in.  at  a  time,  and  the  read- 
ings are  plotted  on  a  chart.  By  drawing  a  curve  through 
these  plotted  readings,  a  graphic  record  of  the  hob  con- 
tour is  obtained. 

Fig.  5  shows  several  form  or  contour  charts.  On  one 
of  these  charts  the  hob  tooth  has  a  curve  at  both  the 
addenda  and  dedenda,  the  center  line  being  the  "master" 
form;  the  other  two  lines  are  tolerance  lines,  beyond 
which  the  form  must  not  go.  Should  the  hob  be  made 
to  the  extreme  tolerance  line  at  both  addenda  and  de- 
denda. it  will  still  cut  gears  that  will  roll  without  any 
interference,  as  these  tolerance  lines  are  placed  so  that 
they  will  not  permit  any  interference.  After  it  has  been 
determined  that  a  hob  is  correct  in  contour,  it  is  then 
tested  for  lead. 

Fig.  6  shows  a  hob  on  the  lead-testing  machine,  which 
uses  a  master  screw  for  each  pitch  of  hob.  The  indicator 
arrangement  on  this  machine  also  has  a  5-to-l  ratio  and 
will,  therefore,  register  ten-thousandths  of  an  inch.  The 
contact  point  is  brought  against  the  cutting  edge  of  the 
hob,  and  the  indicator  dial  is  set  to  zero.  As  the  spindle 
is  rotated,  the  hob  is  moved  forward  at  the  proper  lead 
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and,  if  the  hob  has  been  made  correctly,  the  indicator 
point  should  register  zero  on  all  cutting  edges.  If  there 
is  a  weave  in  the  helix  due  to  grinding,  or  if  the  hole  in 
the  hob  is  large  and,  therefore,  does  not  fit  the  arbor 
correctly,  or  if  the  gashes  of  the  hob  are  not  properly 
spaced,  the  indicator  will  register  a  great  variation  in 
the  cutting  edges  as  they  pass  by.  Therefore,  if  the 
indicator  point  is  considered  as  a  gear  tooth  that  is  be- 
ing cut,  the  necessity  of  having  all  of  the  cutting  edges 
in  a  true  helical  path  can  be  appreciated  readily. 

Fig.  7  shows  two  lead  charts  that  have  been  plotted 
from  actual  hob  readings.  The  points  shown  vary  by  ten- 
thousandths  of  an  inch.  The  upper  chart  with  the  wavy 
lines  shows  a  hob  purchased  in  the  open  market.  The 
lower  chart  shows  a  hob  made  to  a  specification,  and  this 
hob  is  extremely  accurate.  It  is  apparent  that  any 
deviation  from  the  correct  contour,  spacing  of  the  gashes 
and  concentricity  is  detrimental.  It  is,  therefore,  neces- 
sary that  the  hob  user  at  least  provide  himself  with  a 
means  of  knowing  the  concentricity  in  a  hob,  because  a 
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Fig.  7 — Two  Lead  Charts  Plotted  from  Actual  Readings  Obtained 
with  the  Machine  Illustrated  in  Pig.  6 

The  Chart  at  the  Left  with  the  Wavy  Lines  Was  Obtained  from  a  Hob 

Purchased  in  the  Open  Market.  While  the  Accuracy  of  a  Hob  Made 

to  a  Specification  Is  Evidenced  by  the  Comparative  Straightness  of 

the  Lines  in  the  Chart  at  the  Right 

hob  sharpener  can  spoil  a  good  hob  very  easily  by  not 
sharpening  it  so  that  it  is  concentric. 

Fig.  8  shows  a  hob  on  a  fixture  for  testing  concentricity 
and  radial  gashes.  It  is  absolutely  necessary  that  a  hob 
be  sharpened  radially,  because  a  hook  or  a  drag  on  a  hob 
tooth  will  raise  and  lower  bearings  on  the  gear  teeth.  It 
is  necessary  also  that  the  gash  be  parallel  with  the  axis 


Fig.   S — A  Hob  in  Place  on  a  Special  Fixture  That  Tests 
Concentricity  and  Radial  Gashes 

of  the  hob  if  a  straight-gashed  hob  is  used,  or  that  it 
follow  the  true  helical  path  if  a  spiral-gashed  hob  is  used. 
The  general  practice  is  to  use  a  hob  in  three  or  four 
positions  and,  if  the  gashes  do  not  fall  in  their  proper 
place,  gear  teeth  of  different  contours  will  result  from 
the  different  positions. 


Fig.  9 — A  Hob  Being  Sharpened 
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Fig. 


10 — Testing  Fixture  That  Indicates  the  Uniforiiitt  of  the 
Motions  of  the  Hob  and  the  Work  Arbors 


Fig.  9  illustrates  a  hob  on  the  sharpening  machine  and 
shows  the  position  of  the  wheel  and  index  finger.  The 
cone  side  of  the  wheel  is  used  in  the  sharpening  of  the 
straight-gashed  hob.  This  method  is  strongly  recom- 
mended because,  if  the  cup  side  of  the  wheel  is  used  on 
a  straight-gashed  hob,  the  wheel  will  grind  more  off  the 
end  teeth  of  the  hob  as  it  passes  in  and  out,  and  will 
make  a  slightly  warped  surface  on  the  hob  teeth.  By 
using  these  fixtures  and  methods,  a  hob  user  can  check 
the  hob  he  is  buying  and  see  that  it  comes  within  the 
limits  of  accuracy  he  has  specified. 

Machine  Control 

A  good  hob  does  not  always  assure  the  production  of 
good  gears,  because  the  second  factor  to  be  considered  is 
the  hobbing  machine  itself.  One  of  the  first  require- 
ments of  a  good  hobbing-machine  is  that  the  velocities 
of  the  hob  and  the  work  arbors  be  uniform,  so  that  tooth 
contours  and  spacings  are  regular.  To  test  this  uniform 
motion,  we  have  designed  the  testing  fixture  which  is 
shown  mounted  on  a  horizontal  machine  in  Fig.  10.  The 
idea  of  this  fixture  is  to  compare  the  velocity  of  the  hob 
arbor  with  that  of  the  work  arbor.  This  is  accomplished 
by  having  the  work  arbor  carry  an  arm  that  rotates  with 
it.     A  second  arm  is  fastened  to  a  disc,  mounted  loosely 


Fl 


11 — Charts  Made  bt  the  Testing  Fixture  Illustrated  in  Fig. 


Fig. 


12 — Vernier  Machine  for  Indicating  the  Concentricity 
of  the  Gears 


on  the  work  arbor,  the  disc  receiving  its  motion  by  fric- 
tional  contact  with  intermediate  rollers,  the  first  roller 
being  mounted  on  the  hob  arbor.  Any  variation  of  the 
velocity  between  the  friction  drive  and  the  gear  train  of 
the  machine  will  cause  a  displacement  of  the  two  arms, 
which  is  magnified  by  a  system  of  levers  and  recorded 
by  a  stylus  on  a  paper  chart. 

Fig.  11  shows  some  charts  made  by  this  testing  fixture. 
On  the  chart  at  the  left  the  line  is  perfectly  smooth ;  on 
the  other  chart  there  is  a  pronounced  weave  caused  by 
some  irregularity  in  the  gear  train  of  the  hobbing  ma- 
chine. The  machine  that  traced  the  wavy  line  cannot  be 
expected  to  produce  gears  of  great  accuracy.  With  the 
instrument  shown  in  Fig.  10,  the  gear  manufacturer  can 
easily  discover  why  some  of  his  gears  show  greater 
irregularity  than  others ;  also,  he  has  the  means  available 
to  check  new  machines  he  may  desire  to  buy,  and  pur- 
chase only  those  that  show  true  uniform  motion. 
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In  operating  a  hobbing  machine  it  is  necessary  to  give 
attention  to  the  following  points,  which  have  an  im- 
portant bearing  on  the  quality  of  the  gears  produced. 
The  hob  arbor  must  have  all  end-play  eliminated  and 
must  run  true.  It  happens  often  that  the  arbor  runs 
true  but,  as  soon  as  the  hob  is  mounted,  it  is  found  to 
run  out.  This  is  caused  by  the  threads  on  the  arbor  not 
being  true  with  the  axis  of  the  arbor,  or  by  the  nut  not 
being  machined  properly,  which  causes  the  arbor  to 
spring  when  the  nut  is  drawn  up.  These  defects  must 
be  eliminated  before  good  gears  can  be  produced  by  the 
machine. 

The  springing  of  the  work  arbor,  while  not  so  serious, 
is  also  a  factor  to  be  considered.  Gears  made  under  this 
condition  will  run  eccentrically  on  the  test  fixtures,  which 
makes  it  difficult  to  check  them  properly.  With  the 
hobbing  machine  in  good  condition,  a  correct  hob,  prop- 
erly machined  work  on  hand,  and  the  feed  and  index 
gears  properly  mounted,  one  would  expect  to  obtain  per- 
fect gears;  however,  since  the  human  element  has  not 
been  eliminated  in  the  operation  of  the  machine,  it  is 
necessary  to  consider  the  personal  equation. 

Gear  Control 

To  check  the  gears  as  they  come  from  the  hobbing 
machine,  we  use  an  ordinary  vernier  machine  such  as  is 
shown  in  Fig.  12.  This  is  the  most  common  method  of 
checking  gears  at  present.  It  will  indicate  whether  a 
gear  is  concentric  and  will  show  also  how  much  jump 
there  is  between  any  two  mating  gear-teeth ;  however,  it 
does  not  tell  whether  one  of  the  gears  is  correct  and  the 
other  incorrect,  or  whether  they  are  both  wrong,  and  how 
much. 

Fig.  13  shows  an  involute  testing-machine  with  a  gear 
in  place.  This  machine  does  not  use  bands,  but  the  base 
circle  of  the  gear  rolls  directly  on  the  straight  edge  of 
the  slide  under  spring  pressure.  The  indicator  will 
register  the  amount  of  deflection  from  the  true  involute 
path ;  therefore,  it  can  be  determined  which  of  the  two 
gears  is  incorrect  and  how  much.  If  the  involute  curve 
is  correct,  the  two  gears  should  roll  on  the  vernier  ma- 
chine without  any  jump  per  tooth. 

Fig.  14  shows  an  angular-velocity  testing-machine  for 
gears.  This  machine  consists  of  two  pitch  cylinders  with 
a  device  for  recording  any  variation  in  the  angular 
velocity  of  the  two  gears.  One  of  the  gears  is  mounted 
solidly  with  the  pitch-circle  disc.  The  other  gear  is 
mounted  so  as  to  turn  independently  from  its  pitch-circle 
disc.  The  known  motions  of  the  two  pitch-circle  discs 
are  used  to  test  the  unknown  motion  produced  by  the  gear 
teeth  when  mating.  If  the  involute  curves  are  correct 
and  the  spacing  of  the  teeth  is  uniform,  a  gear  should 
go  on  the  angular-velocity  fixture  and  show  no  deviation 
in  motion.  It  should  also  go  on  the  vernier  machine 
without  showing  any  jump  per  tooth.  A  jump  per  tooth 
of  several  thousandths  of  an  inch  on  the  vernier  machine 
will  be  somewhat  more  than  that  when  translated  into 
angular  motion.  When  a  gear  having  60  teeth  is  run- 
ning at  1000  r.p.m.,  there  will  be  60,000  accelerations  and 
retardations  per  min.  and  this  may  be  one  of  the  reasons 
why  gears  make  noise. 

We  believe  that  no  gear  manufacturer  will  go  wrong 
if  he  provides  himself  with  testing  instruments  that  will 
enable  him  to  know  actually  what  results  he  is  getting 
in  his  gears,  hobs  and  machines,  and  that  such  instru- 
ments will  help  him  to  obtain  a  uniform  product.  This 
should  be  the  aim  of  every  gear  manufacturer.  It  will 
enable  him  to  reduce  the  gear  business  to  at  least  a  semi- 
scientific  basis.     In  the  past  the  gear  manufacturer,  not 


Fig.  13 — Machine  for  Testing  Involute  Gears 

having  any  instruments  for  correctly  checking  them,  has 
never  known  what  his  gear-tooth  contours  were. 

THE  DISCUSSION 

Rex  C.  Darnell: — Is  it  possible  to  have  the  proper 
shape  of  bearing  when  grinding  two  teeth  together;  for 
instance,  when  lapping  compounds  are  put  between  gears 
that  are  running,  will  the  shape  of  the  bearing  be  correct? 

S.  O.  Bjornberg: — If  a  lapping  compound  were  put 
between  two  gears  that  were  originally  inaccurate,  they 
would  tend  to  wear  or  remain  inaccurate.  Although  the 
surfaces  would  lap  rather  smooth,  there  is  no  assurance 
that  those  surfaces  would  automatically  become  true  in- 
volute curves,  which  is  one  of  the  geometrical  laws  that 
must  be  fulfilled  in  gearing.  With  two  surfaces  and  a 
high  line-bearing  on  them  between  the  gear  teeth,  the 
high  bearing  might  lap  down  somewhat  but  it  will  tend 
to  lap  a  hollow  in  the  mating  gear-tooth ;  so,  there  is  no 
assurance  of  getting  correct  contours  by  the  lapping 
process. 

A  Member: — In  my  experiments  along  that  line  I  did 
the  lapping  by  going  a  little  farther  than  trying  to  re- 
move the  high  spots.  I  used  a  certain  screw-thread 
comparator.  In  that  way  I  have  been  able  to  rotate  the 
gears   together  and,   by   doing  so,   I    found   that,   where 


Fig.   14 — An  Angular-Velocity  Testing-Machine  for  Gears 
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there  is  a  high  spot,  the  tendency  with  gears  having  an 
equal  number  of  teeth  is  to  wear  a  hollow  right  at  that 
high  spot. 

A  Member: — In  producing  a  ground  gear,  if  the  con- 
tour of  the  wheel  is  correct,  you  should  get  smooth  action. 
Is  it  not  found  that  just  as  good  a  result  is  had  from  a 
straight-tooth  gear  as  from  a  helical  gear,  so  far  as 
quietness,  wear  and  accuracy  are  concerned?  What  I 
mean  is  that,  if  a  ground  gear  has  straight  teeth  instead 
of  helical  or  spiral  teeth,  we  should  be  able  to  get  results 
just  as  good  as  or  better  than  we  get  with  the  helical 
gear;  in  other  words,  the  ground  tooth  does  away  with 
the  need  of  using  helical  gears. 

R.  S.  Drummond: — A  simple  design  of  gear-tooth 
form  such  as  plain  spur,  or  plain  bevel,  when  ground  to 
accurate  tooth-form,  should  be  as  quiet  as  any  shaped 
tooth  can  be.  We  have  ground  plain-bevel  rear-axle  gears 
and  made  them  quiet;  and  we  have  ground  plain  spur 
gears  for  front-end  gears  and  made  them  quiet,  more 
quiet  than  the  normal  chain  or  spiral-bevel  drives. 

K.  L.  Herrmann: — I  wish  there  were  some  standard 
of  quietness,  or  some  measure  of  the  amount  of  noise  in 
gearing,  so  that  the  subject  could  be  dealt  with  intelli- 
gently. 

Mr.  Drummond: — With  reference  to  varying  degrees 
of  quietness,  I,  too,  wish  that  we  had  a  standard  of  noise. 
There  is  an  element  in  a  train  of  gears  that  introduces 
a  sing  of  high  pitch  based  entirely  on  the  relative  num- 
ber of  teeth,  but  this  element  can  be  distinguished  from 
the  hum  of  the  metal  contact  between  two  gears  that  are 
running  with  insufficient  oil-clearance,  or  are  dry.  It 
can  be  differentiated  also  from  the  growl  that  is  intro- 
duced into  even  one  pair  of  gears  by  incorrect  tooth- 
form,  and  from  the  marbly  rattle  when  one  tooth  does  not 
carry  over  to  the  next  with  permanent  contact,  as  fre- 
quently occurs  with  small  numbers  of  teeth  that  are 
stubbed  off. 

A  Member: — In  dressing  the  grinding  wheel,  do  you 
use  the  same  form  to  generate  the  gear-tooth  that  is  used 
for  the  ordinary  rack? 

Mr.  Drummond: — The  gear-tooth  form  is  made  on  a 
wheel  from  a  similar  gear-tooth  form  of  larger  size.  We 
can  reproduce  whatever  shape  the  enlarged  template  has. 

W.  F.  Zimmerman: — We  have  the  same  trouble  with 
gears  that  everybody  else  has,  particularly  in  trying  to 
make  a  machine  that  will  fulfill  all  the  requirements  that 
are  now  being  shown  up  by  the  testing  instruments  that 
have  been  developed  recently.  We  have  used  some  of 
these  instruments  to  test  machines  in  our  own  shop,  and 
have  found  various  parts  that  needed  attention.  One  of 
the  great  troubles  of  hobbing  machines  seems  to  be  clue 
to  slight  eccentricities  in  the  gearing  which  are  multi- 
plied by  the  change-gears  that  are  necessary  for  cutting 
different  numbers  of  teeth.  We  have  made  diagrams 
which  show  that  the  inaccuracy  is  related  to  the  number 
of  teeth  on  a  gear;  that  is,  for  each  given  number  of 
teeth,  there  are  a  high  and  a  low  point  on  the  diagrams. 
If  there  are  no  inaccuracies,  we  ought  to  get  a  continuous 
curve  that  is  generally  obtained  by  eliminating  the 
change-gear  trouble. 

A  considerable  amount  of  trouble  of  this  sort  was  en- 
countered during  the  war  when  we  had  occasion  to  fur- 
nish a  number  of  large  machines  for  turbine  gears,  that 
run  at  3600  r.p.m.  These  gears  must  run  quietly  and 
have  a  good  bearing.  Their  faces  were  very  wide;  some 
were  as  wide  as  72  in.  Considerable  trouble  was  experi- 
enced with  "spotted  bearings."  This  spotted  bearing 
was  in  a  reverse  spiral  on  the  gears,  and  we  could  not 
calculate   it  back   into   the   gear  train   of   the   machine. 


Later,  we  found  that  most  of  this  trouble  was  due  to 
wrong  adjustments,  and  that  this  reverse  spiral  was  due 
to  an  improperly  adjusted  cutter  spindle.  Another 
trouble  was  due  to  an  improper  adjustment  on  the  index 
worm,  and  still  another  was  due  to  the  end-thrust  on  the 
feed  screw.  The  last  mentioned  cause  can  be  measured 
on  the  gear  very  readily. 

The  wide  turbine  gears  gave  us  considerable  trouble 
in  getting  a  good  bearing  across  the  entire  face.  Some 
of  the  manufacturers  used  laminated  gears  so  as  to  avoid 
the  uneven  pressure  and  thereby  provide  a  means  for 
certain  portions  of  the  gear  teeth  to  give  under  heavy- 
leads  and  compensate  for  and  equalize  the  pressure  across 
the  entire  width  of  face.  Extreme  accuracy  was  re- 
quired, and  close  attention  was  paid  to  the  mounting  of 
the  gear  so  that  it  would  be  cut  concentric  with  the  axis 
of  rotation. 

After  each  blank  was  removed  from  the  machine,  the 
fixture  was  again  trued  and  the  blank  set  very  carefully 
for  concentricity.  In  the  General  Electric  Co.  shops,  by 
careful  attention  as  outlined,  they  were  able  to  produce 
gears  that  needed  lapping  or  running-in  for  about  1  day ; 
whereas  it  required  1  week  to  lap-in  some  of  the  other 
gears. 

As  to  lapping-in  methods,  gears  generally  have  a  very 
.decided  hollow  on  the  pitch-line  after  being  lapped,  par- 
ticularly those  gears  that  have  to  be  lapped  for  a  week. 
Some  of  those  wide  gears  were  cut  with  multiple-thread 
and  some  with  single-thread  leads.  It  was  found  that  the 
single-thread  lead  constituted  the  better  proposition. 

One  of  the  great  troubles  in  the  gear  machines  has 
been  the  difficulty  of  obtaining  concentricity  of  the  gears 
produced,  which  is  oftentimes  confused  with  inaccurate 
spacing. 

T.  J.  LfTLE,  Jr.: — Does  Mr.  Drummond  think  that  with 
careful  grinding  of  the  drive-gears  in  the  front  end  of 
the  engine  he  could  cause  the  operation  to  be  as  silent  as 
that  of  the  silent  chain? 

Mr.  Drummond: — It  is  possible  to  produce  ground 
gears  for  the  front-end  drive  that  are  commercially  quiet. 
A  large  amount  of  noise  introduced  into  the  front-end 
gears  actually  is  produced  in  other  parts  of  the  mechan- 
ism, such,  for  instance,  as  that  due  to  an  unbalanced 
shaft.  Such  noise  cannot  be  ground  out,  but  the  noise 
that  is  due  solely  to  gear  operation  can  be  satisfactorily 
ground  out.  Years  ago  front-end  drive  spur-gears  were 
made  without  hardening  and  were  quiet.  This  effect  was 
secured  by  using  extreme  care  and  accuracy  in  the  cut- 
ting. 

To  carry  out  the  same  idea,  not  only  are  front-end 
gears  made  quiet  by  grinding  in  the  simple  spur-gear 
design,  but  also  ordinary  plain  bevel-gears  in  rear  axles 
have  been  made  to  operate  quietly  by  grinding  out  the 
distortion  of  the  teeth.  In  former  times  we  have  seen 
plain  bevel-gear  axles  that  were  quiet  when  made  very 
accurately  as  to  tooth-form. 

Part  of  the  interest  in  spiral  bevel-gears  is  due  to  the 
need  of  eliminating  noise.  In  different  factories  we  find 
to-day  that  there  is  the  same  sort  of  noise  and  about  the 
same  amount  of  trouble  in  the  later  spiral  designs  that 
there  was  in  the  earlier  ones,  because  of  the  bad  shape 
of  the  teeth.  Similarly,  in  the  front-end  drive,  efforts 
have  been  made  toward  changing  the  material  and  the 
design  of  the  teeth  and  introducing  special-shaped  teeth 
to  eliminate  the  noise;  but  many  factories  using  these 
peculiar  methods  are  still  troubled  with  the  noise. 

We  should  approach  the  problem  of  gear  noise  rather 
with  a  view  to  making  the  tooth-form  as  accurate  as 
possible  than  to  changing  the  design  and  the  shape  of  the 
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teeth.  It  is  better  to  use  properly  made  spur  gears  than 
to  use  spiral  gears,  helical  gears,  gears  made  by  the 
shaping  method  or  chains. 

If  accurately  cut  gears  are  run  together  with  a  lapping 
compound,  both  gears  will  be  ruined  just  as  a  plain  shaft 
and  a  bearing  would  be  ruined  by  putting  emery  on  them. 

Mr.  Darnell: — With  regard  to  how  great  the  backlash 
should  be,  a  statement  was  made  that  it  might  be  as  high 
as  0.03  in.,  but  that  seems  to  be  entirely  contrary  to  any 
experience  that  we  have  had.  We  made  some  calculations 
recently  of  what  the  reactions  on  the  camshafts  are  and, 
taking  the  resultant  of  all  forces  involved,  found  certain 
peaks.  We  figured  that  we  would  be  likely  to  get  the 
most  difficulty  due  to  high  backlash  at  a  low  speed  and, 
particularly  in  truck  engines  when  running  with  a  wide- 
open  throttle,  some  torsional  vibration  in  the  crankshaft 
is  bound  to  occur.  Further  investigation  proved  that 
where  the  maximum  reaction  occurred  on  the  camshaft, 
the  greatest  torsional  vibration  was  shown  on  the  crank- 
shaft and  this  produced  an  extreme  rattle.  Conse- 
quently, we  had  to  abandon  the  use  of  backlash  that  ex- 
ceeded 0.005  in. 

Mr.  Herrmann  : — I  believe  the  backlash  amounting  to 
0.030  in.,  referred  to  in  our  discussion,  has  been  in  con- 
nection with  transmission  and  sliding  gears. 

Mr.  Drummond: — The  large  amount  of  backlash  re- 
ferred to  is  in  transmission  gears,  not  in  front-end  gears. 
The  backlash  in  front-end  gears  should  be  held  within 
very  close  limits. 

L.  A.  Danse: — It  is  possible  to  heat-treat  gears  that 
are  well  cut  so  that  they  will  mate  pretty  well  afterward. 
We  do  not  feel  we  are  entirely  beyond  getting  some  help 
from  the  grinders,  but  we  feel  that  with  commercial 
accuracy  in  the  cutting  and  ordinary  care  in  the  heat- 
treating,  we  will  get  commercial  accuracy  and  a  good 
match  in  the  finished  product  and  not  have  to  resort  to 
excessive  lapping.  We  used  to  practise  this  lapping,  and 
some  of  our  gear  lapping  occasionally  ran  as  high  as  40 
min.  Our  gear  men  now  feel  that  if  they  have  to  run 
over  4  or  5  min.  to  clean  up  the  teeth,  it  is  better  to  scrap 
the  gear.  They  think  it  is  certain  that  inaccurate  gear 
contour  will  result  after  that  much  lapping.  In  fact,  our 
lapping  time  does  not  exceed  1.5  min. 

A  Member: — There  seems  to  be  an  impression  on  the 
part    of    many    engineers    and    manufacturers    that    the 


silent-chain  front-end  drive  is  an  expensive  installation, 
and  it  has  not  been  adopted  for  that  reason.  They  forget 
that  the  front-end  drive  sometimes  consists  of  three 
sprockets  and  chains,  and  that  they  are  costly.  The 
trouble  that  is  experienced  with  gears  in  the  average 
plant  is  not  taken  into  consideration  as  compared  with 
the  cost  of  the  permanent  chain  or  the  troubles  they  have 
with  it.  The  noise  in  the  front  end  is  not  always  due  to 
the  gear  design  or  to  the  front-end  chain-design  layout, 
but  sometimes  to  the  loading  of  the  accessory  shaft.  The 
fact  that  some  manufacturers  have  a  very  successful 
gear-drive  as  well  as  a  chain-drive,  while  other  manu- 
facturers have  trouble,  although  perhaps  they  are  pro- 
ducing just  as  accurate  work,  is  accounted  for  by  their 
looking  into  the  conditions  of  loading  under  which  the 
gears  operate.  It  often  has  been  found  that  the  differ- 
ence between  the  loading  conditions  of  two  engines  ac- 
counts for  the  difference  in  the  amount  of  noise  the  en- 
gines make. 

Another  cause  of  noise  in  the  gears  as  well  as  in  the 
chain  is  crankshaft  vibration.  It  has  been  proved  very 
often  that  by  eliminating  vibration,  particularly  the  tor- 
sional vibration,  the  chain  noise  is  reduced  and  some- 
times eliminated. 

Mr.  Herrmann: — There  are  two  extremes  of  gear 
error ;  one  causes  a  singing  sound  and  the  other  causes  a 
rattle.  Has  anyone  been  able  to  trace  definitely  the 
causes  of  the  rattle  and  the  singing  and  the  causes  of  the 
intermediate  steps?  The  rattle  apparently  occurs  just  a 
little  too  fast  for  the  ear  to  detect  the  individual  blows. 
Some  ears  can  detect  the  individual  blows  at  15  vibra- 
tions per  sec,  while  other  ears  are  more  sensitive  and 
can  detect  the  individual  blows  at  30  vibrations  per  sec. 
The  higher-pitched  tone  or  howl  may  correspond  to  tones 
ranging  from  100  to  500  vibrations  per  sec.  In  a  trans- 
mission the  question  is,  just  how  much  of  the  noise  is 
due  to  gear-tooth  form  and  how  much  to  spacing  error 
or  other  causes?  I  have  heard  indirectly  that  some  very 
interesting  experiments  were  made  in  this  connection 
about  6  years  ago. 

A  Member: — I  conducted  some  tests  that  indicate  that 
the  intensity  of  sound  and  the  degree  of  pitch  are  in 
direct  proportion  to  the  number  of  teeth  in  contact.  At 
the  normal  rotating  speed,  the  indication  is  for  a  higher 
pitch  when  more  teeth  are  in  contact. 


BENZENE  AS  ENGINE  FUEL 


MOTOR  benzene  is  obtained  as  a  coke-oven  by-product. 
It  conforms  approximately  to  the  following  specifi- 
cations: Distillation,  first  drop,  79.4  deg.  cent.  (174.9  deg. 
fahr.);  60  per  cent,  100.0  deg.  cent.  (212  deg.  fahr.); 
90  per  cent,  135  deg.  cent.  (275  deg.  fahr.);  residue,  none. 
It  must  be  neutral,  containing  no  foreign  substances  except 
slight  quantities  of  sulphur  present  as  carbon  bisulphide 
or  thiophene  to  total  approximately  0.25  per  cent.  Its 
specific  gravity  at  15.5  deg.  cent.  (60  deg.  fahr.)  is  0.878. 
A  distillation  test  of  a  high-grade  motor  gasoline  com- 
pares with  this  as  follows:  First  drop,  57  deg.  cent.  (134.6 
deg.  fahr.);  20  per  cent,  100  deg.  cent.  (212  deg.  fahr.); 
60  per  cent,  142  deg.  cent.  (287.6  deg.  fahr.);  90  per  cent, 
197  deg.  cent.  (386.6  deg.  fahr.);  93.5  per  cent,  or  dry, 
214  deg.  cent.  (417.2  deg.  fahr.).  The  residue  is  0.2  per 
cent    and    the    specific    gravity    at    15.5   deg.    cent.    (60    deg. 


fahr.)  is  0.732.  Tests  show  that  the  motor  benzene  evapo- 
rates completely  in  about  one-fifth  the  time  required  for  the 
above  sample  of  high-grade  gasoline,  because  of  the  high 
end-point  of  the  latter.  The  calorific  value  of  benzene  is 
137,000  B.t.u.  per  gal.,  as  compared  with  gasoline  at  113,500 
B.t.u.  In  an  engine  test  36  hp.  was  developed  with  the 
benzene  as  compared  to  34.5  under  the  same  conditions  by 
gasoline.  The  total  consumption  was  0.109  lb.  per  b.hp.-hr. 
for  benzene  and  compared  to  0.122  lb.  for  gasoline,  an  in- 
crease of  10.7  per  cent  in  efficiency  in  favor  of  the  benzene. 
Moreover,  the  engine  ran  more  smoothly  on  benzene,  less 
carbon  was  deposited  on  the  pistons  and  the  cooling  water 
was  not  so  hot.  Proper  distillation  of  the  benzene  eliminates 
practically  all  the  sulphur  compounds,  and  so  does  away 
with  corrosion  troubles  when  this  fuel  is  used. — W.  O.  Hinck- 
ley in  Chemical  Abstracts. 
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Tractor  Industry  in  1922 


By  O.  W.  Young2 


DURING  the  year  1922  the  tractor  industry  has 
experienced  a  considerable  revival  of  activity 
from  the  extreme  depression  of  the  previous 
year.  While  production  has  been  very  limited,  in  most 
cases,  the  liquidation  of  inventories  so  burdensome  dur- 
ing last  year  has  been  accomplished  largely  and  an  opti- 
mistic attitude  as  to  the  future  is  becoming  apparent 
throughout  the  industry.  From  available  export  fig- 
ures, foreign  trade  appears  to  have  been  as  low  as  any 
year  since  1917,  if  not  lower,  due  principally  to  low  ex- 
change-values. 

Definite  improvement  has  been  evident  during  the  last 
quarter  of  1922  toward  readjusting  the  balance  of  values 
of  farm  products  with  other  commodities  required  on  the 
farm.  The  farm  credit-situation  also  has  shown  im- 
provement. The  effect  of  these  changes  already  has  been 
felt  in  increased  interest  in  power  farming  and  in  re- 
viving tractor  sales  in  many  lines.  Prospects  for  con- 
tinued improvement  in  this  direction  are  very  bright  for 
the  coming  year. 

Mechanical  equipment  on  our  farms  is  to  a  great  ex- 
tent depleted  and  worn  out;  it  needs  replacement  and  it 
is  anticipated  by  some  manufacturers  that  the  demands 
for  most  types  of  farm  equipment  this  year  will  exceed 
production,  as  estimated  at  present.  It  is  felt,  gener- 
ally, that  tractor  prices  will  need  to  be  advanced  from  the 
low  and  unprofitable  levels  prevailing  during  the  past 
year. 

Despite  conditions,  the  power-farming  idea  has  prog- 
ressed this  year  in  the  esteem  of  the  farmer.  As  evi- 
dence of  this,  it  is  significant  that  a  considerable  num- 
ber of  small  two-plow  tractors  have  been  produced  and 
sold  during  the  year.  While  this  perhaps  is  due  mainly 
to  the  very  low  prices,  nevertheless  these  units  contribute 
toward  popularizing  power  farming  when  put  into  the 
field.  They  usually  represent  initial  purchases  and,  in 
the  majority  of  cases,  lead  to  a  demand  for  larger  and 
more  efficient  units,  from  the  standpoint  of  labor  cost  in 
operation.  While  the  general-utility  and  horse-replace- 
ment value  of  these  small  conventional  units  is  limited, 
the  low  prices  at  which  they  were  sold  more  than  justi- 
fied their  purchase  to  expedite  field  work,  handle  peak 
loads  and  provide  power  for  belt  work. 

During  this  period  of  restricted  production,  time  has 
been  put  to  good  use  in  the  development  of  new  designs 
of  various  types  and  in  important  detail  refinement. 
Much  thought  and  experimental  work  have  been  directed 
toward  the  development  of  types  providing  for  a  wider 
utility  range,  especially  for  the  handling  of  all  operations 
pertaining  to  row  crops.  Considerable  progress  has  been 
made  toward  a  more  general  appreciation  of  the  require- 
ments of  a  general-purpose  type.  Also,  new  models  of 
conventional  type  and  refined  construction  have  been  de- 
veloped and  important  improvements  introduced  in  cur- 
rent models.    Progress  has  been  made  in  increased  engine 
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efficiency,  due  principally  to  improvements  in  fuel 
zation  and  in  mechanical  refinement. 

TRACTOR  DESIGN   FUNDAMENTALS 

Certain  fundamentals  of  tractor  design  are  becoming 
established  more  clearly.  The  general  trend  has  been 
to  somewhat  higher  ratios  of  power  to  tractor  weight, 
and  to  decreased  ratios  of  weight  to  drawbar  perform- 
ance. The  increased  power-weight  ratios  usually  are 
obtained  more  in  weight  reduction  than  in  power  in- 
crease, the  tendency  being  to  limit  the  drawbar  per- 
formance by  weight  and  traction  rather  than  by  power; 
also  to  operate  the  engines  at  a  more  efficient  power- 
range  and  in  many  cases  with  greater  reserve.  With 
decreased  weight,  it  is  becoming  increasingly  important 
to  continue  to  improve  the  effectiveness  of  gi-outer  and 
lug  equipment,  and  possibly  to  develop  other  effective 
traction  devices. 

Important  development  work  has  been  done  on  more 
efficient  harvesting  equipment  of  various  types,  and  this 
will  enhance  power  farming  in  some  directions. 

General  progress  in  standardization  this  year  can  be 
said  to  be  represented  in  the  increased  use  of  existing 
S.A.E.  Standards  in  new  designs,  rather  than  in  the 
formulating  of  new  standards.  The  Society's  exhibit  at 
the  National  Tractor  Show  in  February,  1922,  did  much 
to  point  out  the  value  of  S.A.E.  Standards.  It  showed 
the  surprising  extent  to  which  they  are  already  applied 
in  tractors,  especially  in  engine  details  and  fittings, 
materials,  shaft  splines,  bearings  and  the  like.  A  con- 
tinuation of  this  educational  feature  in  future  tractor 
shows  should  be  of  value  to  stimulate  greater  interest 
in,  and  availing  of,  the  Society's  Standardization  work. 

Advance  is  being  made  in  more  logical  and  simplified 
standards  for  tractor  belts,  belt  speeds  and  pulleys;  rat- 
ings and  test  forms  also  are  receiving  thorough  consid- 
eration and  very  likely  will  be  ready  for  definite  action 
during  the  coming  year. 

TWO    PHASES    OF    TRACTOR    ENGINEERING 

Tractor  engineering  at  this  time  can  be  said  to  present 
two  major  phases.  One  covers  all  the  detail  mechanical 
problems,  from  fuel  utilization  and  engine  and  trans- 
mission design  to  the  development  of  traction  members, 
and  includes  the  refinement  and  perfection  of  established 
conventional  tractors.  The  other  major  phase  has  as  its 
objects  the  extension  of  power  application  to  all  of  the 
field  operations  of  diversified  farming,  and  centers  in 
the  development  of  a  general-purpose  type  or  types. 
Unquestionably,  herein  lies  the  greatest  opportunity  and 
most  important  problem  before  the  tractor  industry,  the 
solution  of  which  holds  rich  rewards. 

The  general  performance  specifications  that  an  all- 
purpose  tractor  would  be  required  to  meet  have  been 
variously  defined,  but  opinions  agree  on  the  broad  essen- 
tials. The  great  possibilities  of  such  a  type,  with  refer- 
ence to  horse-replacement  and  labor-saving,  and  the  im- 
mense potential  market,  certainly  provide  a  fruitful  field 
of  endeavor  for  the  engineering  talent  of  the  industry. 
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Personnel  of  1923  Standards  Committee 


THE  designation  of  the  Standards  Committee  personnel  for 
this  year  has  been  completed,  the  Council  having  again 
taken  action  considerably  earlier  than  in  the  years  previous 
to  1922.  The  prompt  formation  of  the  1923  Divisions  will 
enable  them  to  begin  active  work  soon. 

The  Standards  Committee  for  1923  will  be  constituted  of  27 
Divisions.  It  is  believed  that  these  will  form  in  the  main  a 
permanent  group  some  one  or  more  of  which  can  be  assigned 
practically  any  subject  that  the  Council  may  approve  for 
consideration  in  connection  with  standardization.  Some  of 
the  Divisions  will,  of  course,  be  more  active  than  others  at 
certain  times.  The  total  number  of  members  of  the  commit- 
tee will  be  about  15  per  cent  greater  than  that  of  last  year 
and  almost  35  per  cent  more  than  in  1921. 

STANDARDS  COMMITTEE 

E.  A.  Johnston,  Chairman 
C.  M.  Manly,  Vice-Chairman 
G.  W.  Dunham,  V ice-Chairman 

AERONAUTIC  DIVISION 


H.  M.  Crane,  Chairman 
G.  J.  Mead,  Vice-Chairman 

Pinter  H.  Adams 

A.  F.  Arcier 

V.  E.  Clark 
W.  L.  Gilmore 
L.  M.  Griffith 

J.  L.  Harkness 
E.   T.  Jones 
Lieut.  B.  G.  Leighton 
G.  C.  Loening 

R.  G.  Page 

Com.  H.  C.  Richardson 

W.  T.  Thomas 

R.  H.  Upson 

Edward  Wallace 
L.  M.  Woolson 


Consulting  Engineer 

Wright  Aeronautical  Corpora- 
tion 

National  Aeronautic  Associa- 
tion of  U.  S.  A. 

Wittemann  -  Lewis  Aircraft 
Co.,    Inc. 

Dayton-Wright  Co. 

Curtiss  Engineering  Co. 

National  Advisory  Committee 
for  Aeronautics 

L.  W.  F.  Engineering  Co. 

Air  Service 

Navy  Department 

Loening  Aeronautical  Engi- 
neering Corporation 

Air  Mail  Service 

Naval  Aircraft  Factory 

Consulting  Engineer 

Aircraft  Development  Cor- 
poration. 

Glenn  L.  Martin  Co. 

Packard  Motor  Car  Co. 


AGRICULTURAL  POWER  EQUIPMENT  DIVISION 


C.  B.  Rose,  Chairman 
A.  W.  Scarratt,  Vice-Chair- 
man 
J.   B.   Bartholomew 
C.  E.  Frudden 
A.  H.  Gilbert 
R.  O  Hendrickson 
Pliny  E.  Holt 
John  Mainland 
M.  B.  Morgan 
J.  F.  Max  Patitz 
O.  W.  Sjogren 
L.  W.  Witry 
G.  A.  Young 
O.   W.   Young 
O.  B.  Zimmerman 


Moline  Plow  Co. 
Minneapolis    Steel   &   Machin- 
ery Co. 
Avery  Co. 
Hart-Parr  Co. 
Rock  Island  Plow  Co. 
J.  I.  Case  Plow  Works  Co. 
Holt   Mfg.   Co. 
Advance-Rumely  Co. 
Timken-Detroit  Axle  Co. 
Allis-Chalmers  Mfg.  Co. 
University  of  Nebraska 
Waterloo  Gasoline  Engine  Co. 
Purdue  University 
Hyatt  Roller  Bearing  Co. 
International  Harvester  Co. 


AXLE  AND  WHEELS  DIVISION 

C.  C.  Carlton,  Chairman 
C.  S.  Dahlquist,  Vice-Chair- 
man 
R.  S.  Begg  Jordan  Motor  Car  Co. 

T.  V.  Buckwalter  Timken  Roller  Bearing  Co. 


Motor  Wheel  Corporation 
Eaton  Axle  Co. 


R.  J.  Burrows 


L.  W.  Close 
J.  Coapman 
H.  E.  Derr 
G.  W.  Dunham 
F.  W.  Gurney 

F.  P.  Hall,  Jr. 

G.  W.  Harper 
George  L.  Lavery 
A.  M.  Laycock 

H.  V.  Ludwick 
C.  T.  Myers 
A.  L.  Putnam 
O.  J.  Rohde 

F.  A.  Shuler 
Frank  Spring 
H.  Vanderbeek 


Clark  Equipment  Co. 

(Also     representing     Motor 
and    Accessory    Manufac- 
turers' Association; 
Bock  Bearing  Co. 
Russel  Motor  Axle  Co. 
International  Harvester  Co. 
Savage  Anns  Corporation 
Gurney  Ball  Bearing  Co. 
Salisbury  Axle  Co. 
Columbia  Axle  Co. 
West  Steel  Casting  Co. 
Sheldon  Axle  &  Spring  Co. 
Budd  Wheel  Corporation. 
Consulting  Engineer 
Detroit  Pressed  Steel  Co. 
Wire    Wheel     Corporation 

America 
Shuler  Axle  Co. 
Courier  Motors  Co. 
Formerly  with  Timken-Detroit 

Axle  Co. 


of 


BALL   AND    ROLLER    BEARINGS    DIVISION 


F.  W.  Gurney  Chairman 
T.    V.    Buckwalter,    Vice- 
Chairman 

J.  T.  R.  Bell 

G.  R.  Bott 

H.  E.  Brunner 

E.  R.  Carter,  Jr. 
D.  F.  Chambers 
L.  W.  Close 

L.  A.  Cummings 

G.  W.  Dunham 

F.  G.  Hughes 

G.  L.  Miller 

R.  G.  Schaffner 
W.  R.  Strickland 
R.  E.  Wells 


Gurney  Ball  Bearing  Co. 
Timken  Roller  Bearing  Co. 

Railway  Roller  Bearing  Co. 
Norma  Co.  of  America 
S.  K.  F.  Industries,  Inc. 
Fafnir  Bearing  Co. 
Bearings  Co.  of  America 
Bock   Bearing  Co. 
Standard     Steel    &    Bearings, 

Inc.  • 
Savage  Arms  Corporation. 
New  Departure  Mfg.  Co. 
Gilliam  Mfg.  Co. 
Bower  Roller  Bearing  Co. 
Cadillac  Motor  Car  Co. 
Hyatt    Roller   Bearing   Co. 


ROLLER   BEARING   SUBDIVISION 


F  E.  Moskovics,  Chairman 

R-  S.  Begg 

J.  T.  R.  Bell 

G.  R.  Bott 

T.  V.  Buckwalter 

A.  C.  Bryan 

L.  W.  Close 

G.  W.  Dunham 

A.  A.  Gloetzner 

M.  C.  Horine 

A.  M.  Laycock 

G.  L.  Miller 

R.  G.  Schaffner 

L.  M.  Stellman 

Andrew  Van  Halteren 

R.  E.  Wells 


Nordyke  &  Marmon  Co.,  Inc. 
Jordan  Motor  Car  Co. 
Railway  Roller  Bearing  Co. 
Norma  Co.  of  America 
Timken  Roller  Bearing  Co. 
Durston  Gear  Corporation 
Bock  Bearing  Co. 
Savage  Arms  Corporation 
Covert  Gear  Co.,  Inc. 
International  Motor  Co.' 
Sheldon  Axle  &  Spring  Co. 
Gilliam  Mfg.  Co. 
Bower  Roller  Bearing  Co. 
H.  H.  Franklin  Mfg.  Co. 
Motor  Wheel  Corporation 
Hyatt  Roller  Bearing  Co. 


CHAIN   DIVISION 


H.  S.  Pierce,  Chairman 
W.  J.   Belcher,   Vice-Chair- 
man 

D.  B.  Baker 
W.   F.  Cole 

E.  S.  Corcoran 


H.  F.   L.  Funke 


Link  Belt  Co. 
Whitney  Mfg.  Co. 

International  Harvester  Co. 
Baldwin  Chain  &  Mfg.  Co. 
Kelly-Springfield  Motor  Truck 

Co. 
Herbert  F.  L.  Funke  Co.,  Inc. 
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M.  C.  Horine 
J.  C.  Howe 

F.  L.  Morse 

W.  A.  Rockenfield 

L.  M.  Wain wright 


International  Motor  Co. 
American    High    Speed    Chain 

Co. 
Morse   Chain  Co. 
Baldwin  Chain  &  Mfg.  Co. 
Diamond  Chain  &  Mfg.  Co. 


ELECTRIC  VEHICLE  DIVISION 


E.  L.  Clark,  Chairman 
Karl  Probst,  Vice-Chairman 
G.  L-  Bixby 

A.  K.  Brumbaugh 
J.  G.  Carroll 
Hugh  M.  Pierce 

F.  E.  Queeney 
Charles  R.  Skinner,  Jr. 


Commercial  Truck  Co. 

Milburn  Wagon  Co. 

Detroit  Electric  Car  Co. 

Autocar   Co. 

Walker  Vehicle  Co. 

Ward  Motor  Vehicle  Co. 

Lansden  Co.,  Inc. 

New  York  Edison  Co. 

(Also  representing  National 
Electric  Light  Associa- 
tion) 


ELECTRICAL  EQUIPMENT  DIVISION 


F.  W.  Andrew,  Chairman 
T.  L.  Lee,  Vice-Chairman 
C.  R.  Ailing 
Azel  Ames 

W.  A.  Chryst 

S.  F.  Evelyn 

C.  F.  Gilchrist 

W.  S.  Haggott 
F.  C.  Kroeger 
B.  M.  Leece 
A.  D.  T.  Libby 


W.  P.  Loudon 

Charles  Marcus 
Ernest  Wooler 


Eisemann  Magneto  Co. 

North  East  Electric  Co. 

Underwriters'    Laboratories. 

Kerite  Insulated  Wire  &  Cable 
Co. 

Dayton    Engineering    Labora- 
tories Co. 

Continental    Motors    Corpora- 
tion 

Electric     Auto-Lite     Corpora- 
tion 

Packard  Electric  Co. 

Remy  Electric  Co. 

Leece-Neville  Co. 

Splitdorf  Electrical  Co. 

(Also  representing  Motor 
and  Accessory  Manufac- 
turers' Association) 

Westinghouse  Electric  &  Mfg. 
Co. 

Bijur  Motor  Appliance  Co. 

Cleveland  Automobile  Co. 


ENGINE  DIVISION 


J.  B.  Fisher,  Chairma 
R.  J.  Broege,  Vice-Chai 


P.  J.  Dasey 
S.  F.  Evelyn 

Pliny  E.  Holt 
A.  F.  Milbrath 
Louis  Schwitzer 
M.  J.  Steele 
Joseph  VanBlerck 

W.  C.  Ware 


Waukesha  Motor  Co. 
rman       Buda  Co. 

(Also  representing  Motor 
and  Accessory  Manufac- 
turers' Association) 

Midwest  Engine  Co. 

Continental    Motors    Corpora- 
tion. 

Holt  Mfg.  Co. 

Wisconsin  Motor  Mfg.  Co. 

Automotive  Parts  Co. 

Packard  Motor  Car  Co. 

Joseph  VanBlerck  Engine  Cor- 
poration 

Fay  &  Bowen  Engine  Co. 

FRAMES  DIVISION 


William   A.    McKinley, 
Chairman 

C.  C.  Bowman,  Vice-Chair- 
man 

E.  A.  DeWaters 

L.  J.  Fralick 

O.  B.  Harmon 

Ernest  Wooler 


Detroit  Pressed  Steel  Co. 

Standard  Motor  Truck  Co. 

Buick  Motor  Co. 
Hydraulic  Pressed  Steel  Co. 
Parish  &  Bingham  Co. 
Cleveland  Automobile  Co. 


R.  M.  Bird 
H.  T.  Chandler 

A.  L.  Colby 

B.  F.  Cortwright 
J.  B.  Dailey 

L.  A.  Danse 

C.  N.  Dawe 

B.  H.  DeLong 
A.  P.  Eves 

H.  L.  Greene 
G.  F.  Harper 
William  H.  Higgins 

E.  J.  Janitzky 
J.  B.  Johnson 

F.  C.  Langenberj, 

F.  E.  McCleary 

C.  S.  Moody 

J.   H.  Nelson 

G.  L.  Norris 

W.  H.  Phillips 


S.  P.  Rockwell 

Mason  P.  Rumnev 
C.  F.  W.  Rys 
R.  B.  Schenck 
M.  H.  Schmid 
H.  J.  Stagg 
J.  M.  Watson 


IRON    AND    STEEL    DIVISION 

F.  P.  Gilligan,  Chairman  Henry     Souther     Engineering 

Co. 
W.  C.  Peterson,  Vice-Chair-       Atlas  Steel  Corporation 

mini 


Bethlehem  Steel  Co. 
Vanadium     Corporation     of 

America 
Representing     American     So- 
ciety for  Testing  Materials 
Wisconsin  Steel  Co. 
General  Motors  Corporation 
Cadillac  Motor  Car  Co. 
Studebaker    Corporation    of 

America 
Carpenter  Steel  Co. 
International  Harvester  Co. 
Willys-Overland  Co. 
Allis-Chalmers  Mfg.  Co. 
Advance-Rumely  Co.,  Inc. 
Illinois  Steel  Co. 
Air  Service 
Watertown  Arsenal 
Dodge  Bros. 
Minneapolis  Steel  &  Machinery 

Co. 
Wyman-Gordon  Co. 
Vanadium     Corporation     of 

America 
R.  D.  Nuttall  Co. 

(Also  representing  American 
Gear    Manufacturers    As- 
sociation) 
Representing    American    Gear 

Manufacturers'  Association 
Detroit  Steel  Products  Co. 
Carnegie  Steel  Co. 
Buick  Motor  Co. 
United  Alloy  Steel  Corporation 
Halcomb  Steel  Co. 
Hupp  Motor  Car  Corporation 


ISOLATED  ELECTRIC  LIGHTING  PLANT  DIVISION 


E.  B.  Newill,  Chairman 

C.    E.    Reddig,    Vice-Chair- 
man 

F.  C.  Barton 
L.  F.  Burger 

G.  M.  Gardner 
Bryan  T.  Hawley 
L.  S.  Keilholtz 
Don  D.  Myers 

P.  F.  Shivers 
F.  L.  Tubbs 
H.  L.  Zabriskie 


Westinghouse  Electric  &  Mfg. 

Co. 
Western  Electric  Co. 

General  Electric  Co. 
International  Harvester  Co. 
Globe  Electric  Co. 
Holt  Power  Light  Co. 
Delco-Light  Co. 

Electric  Auto-Lite  Corporation 
Webster  Electric  Co. 
Alamo  Farm  Light  Co. 
Representing    Electric    Power 
Club 


LIGHTING   DIVISION 


W.  A.  McKay,  Chairman 
C.   A.   Michel,    Vice-Chair- 
man 
A.  K.  Brumbaugh 
J.  T.  Caldwell 
G.  P.  Doll 
C.  E.  Godley 
C.  A.  B.  Halvorson,  Jr. 
J.  H.  Hunt 
A.  R.  Lewellen 
H.  H.  Magdsick 
W.  J.  Outcalt 
L.  C.  Porter 

E.  S.  Preston 
C.  D.  Ryder 
A.  J.  Scaife 
J.  C.  Stearns 

F.  W.  Todd 
Thomas  I.  Walker 
E.  E.  Wood,  Jr. 

Ernest  Wooler 


Westinghouse  Lamp  Co. 
Guide  Motor  Lamp  Co. 

Autocar  Co. 
General  Electric  Co. 
Thomas  Corcoran  Lamp  Co. 
Edmunds  &  Jones  Corporation 
General  Electric  Co. 
General  Motors  Corporation 
Chevrolet  Motor  Co. 
General  Electric  Co. 
General  Motors  Corporation 
Edison  Lamp  Works 
Chicago  Electric  Mfg.  Co. 
Corcoran- Victor  Co. 
White  Motor  Co. 
Culver-Stearns  Mfg.  Co. 
Accessories  Mfg.  Co. 
General  Electric  Co. 
Miniature  Incandescent  Lamp 

Corporation 
Cleveland  Automobile  Co. 
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LUBRICANTS  DIVISION 


H.  C.  Mougey,  Chairman 

W.   E.  Jominy,  Vice-Chair- 
man 
Sydney  Bevin 
P.  J.  Dasey 
A.  P.  Eves 
W.  H.  Herschel 
K.  G.  Mackenzie  • 


C.  H.   Osmund 
W.  E.  Perdew 
W.  D.  Reese 
Herschell  G.  Smith 
J.  W.  Stack 


General  Motors  Research  Cor- 
poration 

Studebaker    Corporation    of 
America 

Tidewater  Oil  Co. 

Midwest  Engine  Co. 

International  Harvester  Co. 

Bureau  of  Standards 

Texas  Co. 

(Also  representing  Ameri- 
can Society  for  Testing 
Materials) 

Atlantic  Refining  Co. 

Union  Petroleum  Co. 

Fifth  Avenue  Coach  Co. 

Gulf  Refining  Co. 

Standard  Oil  Co. 


MOTORBOAT  DIVISION 


Irwin  Chase,  Chairman 
W.  J.  Deed 
A.  E.  Luders 

Q.  B.  Newman 
Leonard  Oehtman,  Jr. 

P.  A.  Proal 
W.  A.  Roos,  Jr. 


L.  H.  Thomson 


Eleo  Works 

Motorship 

Luders  Marine  Construction 
Co. 

Coast  Guard  Service 

Joseph  VanBlerck  Engine  Cor- 
poration 

Red  Bank  Yacht  Works 

.Consolidated  Shipbuilding  Cor- 
poration 

Belle  Isle  Boat  &  Engine  Co. 


MOTORCYCLE  DIVISION 


C.  B.  Franklin,  Chairman 
A.   W.   Herrington,  Vice- 
Chair  man 
W.  S.  Harley 


Hendee  Mfg.  Co. 
Quartermaster  Department 

Harley-Davidson  Motor  Co. 


NOMENCLATURE   DIVISION 


H.  L.  Pope,  Chairman 

W.  P.  Kennedy,  Vice-Chair- 

ma  n 
J.   B.    Bartholomew 


W.  F.  Borgerd 
W.  S.  Bouton 
W.  J.  Brandon 
H.  R.  Cobleigh 

W.  P.  Culver 


A.  B.  Cumner 
L.  S.  Keilholtz 
V.  E.  McMullen 
Leonard  Oehtman,  Jr. 

W.  T.  Thomas 

L.  C.  Voyles 
L.  M.  Woolson 


Wright  Aeronautical  Corpora- 
tion 
Kennedy  Engineering  Corpora- 
tion 
Avery  Co. 

(Also      representing      Na- 
tional Association  of  Farm 
Equipment      Manufactur- 
ers) 
International  Harvester  Co. 
Hendee  Mfg.  Co. 
Avery  Co. 
National  Automobile  Chamber 

of  Commerce 
American  Auto  Parts  Co. 
(Also     representing     Motor 
and    Accessory    Manufac- 
turers' Association) 
Autocar  Co. 
Delco-Light  Co. 
Hercules  Corporation 
Joseph  VanBlerck  Engine  Cor- 
poration 
Thomas-Morse    Aircraft    Cor- 
poration 
Nordyke  &  Marmon  Co. 
Packard  Motor  Car  Co. 


NON-FERROUS    METALS    DIVISION 


Zay  Jeffries,  Chairman 
W.  R.  Webster,  Vice-Chair- 
man 
A.  G.  Carman 

D.  L.  Colwell 
G.  K.  Elliott 
John  R.  Freeman,  Jr. 


Aluminum  Co.  of  America 
Bridgeport  Brass  Co. 

Franklin  Die-Casting  Corpora- 
tion 
Stewart  Mfg.  Co. 
Lunkenheimer  Co. 
Bureau  of  Standards 


E.  S.  Fretz 
Albert  J.  Hall 
H.  C.  Mougey 

W.  B.  Price 
G.  C.  Rauhauser 
Sam  Tour 
T.  H.  Wickenden 


Light  Mfg.  &  Foundry  Co. 
General  Motors  Corporation 
General  Motors  Research  Cor- 
poration 
Scovill  Mfg.  Co. 
Denby  Motor  Truck  Co. 
Doehler  Die-Casting  Co. 
International  Nickel  Co. 


PARTS  AND  FITTINGS  DIVISION 


W.  C.  Keys,  Chairman 

Clarence     Carson,     Vice- 
Chairman 
C.  R.  Ailing 
H.  B.  Garman 
H.  S.  Jandus 
W.  J.  Outcalt 
F.  W.  Slack 
C.  W.  Spicer 

E.  W.  Weaver 

F.  G.  Whittington 


Gabriel  Snubber  Sales  &  Serv- 
ice Co. 
Dodge  Brothers 

Underwriters'  Laboratories 
Garman  Mfg.  Co. 
C.  G.  Spring  Co. 
General  Motors  Corporation 
Peerless  Motor  Car  Co. 
Spicer  Mfg.  Corporation 
Weaver  &  Kemble  Co. 
Stewart-Warner     Speedometer 
Co. 


PASSENGER  CAR  DIVISION 


R.  S.  Begg,  Chairman 
L.    A.   Chaminade,   Vice- 
Chair  man 
Ralph  C.  Chesnutt 
G.  B.  Sayre 
L.  M.  Stellmann 
J.  H.  Tuttle 
W.  G.  Wall 


Jordan  Motor  Car  Co. 
Studebaker   Corporation   of 

America 
Templar  Motor  Car  Co. 
Saxon  Motor  Car  Co. 
H.  H.  Franklin  Mfg.  Co. 
Westcott  Motor  Car  Co. 
National  Motor  Car  &  Vehicle 

Corporation. 


PASSENGER-CAR    BODY    DIVISION 


A.  J.  Neerken,  Chairman 
G.    J.    Mercer,    Vice-Chair- 

ma  a 


E.  J.  Bartlett 


R.  E.  Brown 
Kingston  Forbes 
E.  J.  Connelly 
A.  E.  Garrels 

G.  E.  Goddard 
E.  W.  Goodwin 
R.  A.  LaBarre 


Hupp  Motor  Car  Co. 

Consulting  Engineer 

(Also  representing  Automo- 
bile Body  Builders'  Asso- 
ciation) 

Baker  R  &  L  Co. 

(Also  representing  Automo- 
bile Body  Builders'  Asso- 
ciation) 

Fisher  Body  Co. 

Buick  Motor  Co. 

Wilson  Body  Co. 

Studebaker    Corporation    of 
America 

Dodge  Bros. 

Maxwell  Motor  Corporation 

Anderson  Electric  Car  Co. 


RADIATOR    DIVISION 


J.  D.  Harris,  Chairman 
James  A.  White,  Vice- 

Chairman 
H.  A.  Higgins 
H.  B.  Knap 
Charles  Oppe 
C.  T.  Perkins 
G.  H.  Pettit 
S.  W.  Rushmore 
H.  M.  Yeager 
Fred  M.  Young- 
John  G.  Zummach 


McCord  Mfg.  Co.,  Inc. 
Harrison  Radiator  Co. 

Long  Mfg.  Co. 
Packard  Motor  Car  Co. 
G.  &  O.  Mfg.  Co. 
Modine  Mfg.  Co. 
Atterbury  Motor  Car  Co. 
Rushmore  Laboratory 
Fedders  Mfg.  Co. 
Perfex  Radiator  Co. 
Zummach  Engineering  Service 


SCREW-THREADS  DIVISION 


E.  H.  Ehrman,  Chairman 
O.   B.   Zimmerman,   Vice- 

Chairman 
Mr.  Bradford 
Earle  Buckingham 
E.  Burdsall 

Luther  Burlingame 


Chicago  Screw  Co. 
International  Harvester  Co. 

International  Harvester  Co. 

Pratt  &  Whitney  Co. 

Russell,  Burdsall  &  Ward  Bolt 

&  Nut  Co. 
Brown  &  Sharpe  Mfg.  Co. 
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G.  S.  Case 
William  R.  Mitchell 
Alex  Taub 


Lamson  &  Sessions  Co. 
National  Acme  Mfg.  Co. 
General  Motors  Corporation 


SPRINGS  DIVISION 


S.  P.  Hess,  Chairman 
H.  R.  McMahon,  Vice-Chair- 
man 
R.  S.  Begg 
E.  S.  Corcoran 

Wayne  E.  Dunston 
H.  E.  Figgie 
W.  M.  Newkirk 

Gustaf  Peterson 

E.  V.  Rippingille 

F.  A.  Whitten 


Detroit  Steel  Products  Co. 
Standard  Steel  Spring  Co. 

Jordan  Motor  Car  Co. 
Kellv-Springfield  Motor  Truck 

Co. 
C.  G.  Spring  Co. 
Standard  Steel  Spring  Co. 
William    &    Harvey    Rowland, 

Inc. 
Atlas  Steel  Corporation 
Watson  Stabilator  Co. 
General  Motors  Truck  Co. 


STATIONARY-ENGINE    DIVISION 


L.  F.  Burger,  Chairman 
C.    B.    Segner,    Vice-Chair- 
man 
H.  G.  Holmes 
V.  E.  McMullen 
I.  J.  Nelson 
T.  C.  Menges 
O.   A.  Powell 
L.  W.  Witry 


International   Harvester  Co. 
Domestic  Engine  &  Pump  Co. 

Novo  Engine  Co. 

Hercules  Corporation 

Nelson   Bros. 

Associated  Manufacturers  Co. 

Cushman  Motor  Works 

Waterloo  Gasoline  Engine  Co. 


STORAGE-BATTERY   DIVISION 


I.  M.  Noble,  Chairman 
W.  E.  Gossling,  Vice-Chair- 
man 
G.  L.  Bixby 
A.  K.  Brumbaugh 
R.  N.  Chamberlain 


Consulting  Engineer 
Prest-O-Lite  Corporation 

Detroit  Electric  Car  Co. 

Autocar  Co. 

Gould  Storage  Battery  Co. 


E.  L.  Clark 
Bruce  Ford 
S.  C.  Harris 
W.  E.  Holland 

C.  T.  Klug 
R.  C.  Mitchell 
J.  L.  Rupp 

G.  W.  Vinal 


Commercial  Truck  Co. 
Electric  Storage  Battery  Co. 
New  York  Edison  Co. 
Philadelphia    Storage   Battery 

Co. 
Willard  Storage  Battery  Co. 
Edison  Storage  Battery  Co. 
Westinghouse  Union  Battery 

Co. 
Bureau  of  Standards 


TRANSMISSION    DIVISION 


A.  C.  Bryan,  Chairman 
L.  C.  Fuller,  Vice-Chairman 
A.  W.  Copland 

D.  E.  Gamble 
A.  A.  Gloetzner 
Joseph  Jandesek 

W.  C.  Lipe 
Walter  M.  Petty 
C.  E.  Swenson 
S.  O.  White 

E.  E.  Wemp 


Dursten  Gear  Corporation 
Fuller  &  Sons  Mfg.  Co. 
Detroit  Gear  &  Machine  Co. 
Borg  &  Beck  Co. 
Covert  Gear  Co.,  Inc. 
Formerly   with    Olds    Motor 

Works 
Brown-Lipe  Gear  Co. 
Service  Motor  Truck  Co. 
Mechanics  Machine  Co. 
Warner  Gear  Co. 
Long  Mfg.  Co. 


TRUCK   DIVISION 


A.  J.  Scaife,- Chairman 

J.  R.   Coleman,  Vice-Chair- 
man 

A.  K.  Brumbaugh 
H.  E.  Derr 
A.  W.  Herrington 
M.  C.  Horine 

E.  A.  Kingsbury 
H.  B.  Knap 

J.  A.  Kraus 
Walter  M.  Pettv 

F.  A.  Whitten 


White  Co. 

Selden  Truck  Corporation 

Autocar  Co. 

International  Harvester  Co. 
Quartermaster  Department 
International  Motor  Co. 
Sanford  Motor  Truck  Co. 
Packard  Motor  Car  Co. 
Garford  Motor  Truck  Co. 
Service  Motor  Truck  Co. 
General  Motors  Truck  Co. 


TENSILE  PROPERTIES  OF  LOW-CARBON  STEEL 


FOR  some  time  past  a  study  has  been  in  progress  in  the 
metallurgical  laboratories  of  the  Bureau  of  Standards 
on  the  properties  of  various  grades  of  boiler  plate  through 
the  range  of  from  20  to  465  deg.  cent.  (68  to  869  deg.  fahr.). 
This  has  been  conducted  to  determine  the  effects  of  blue  and 
cold  work,  variations  in  the  rate  of  loading  and  elastic  over- 
strain and  the  subsequent  behavior  of  the  overstrained  steel 
with  time.  The  results  of  this  work  have  been  published  in 
Technologic  Paper  No.  219  which  describes  the  special  appa- 
ratus employed  for  making  high-temperature  tensile  tests 
and  the  differences  in  behavior  of  the  steel  that  were  noted 
in  the  various  temperature  ranges. 

It  was  found  that  the  proportional  limit  of  the  several 
grades  of  plates  does  not  decrease  with  the  first  rise  in 
temperature  but  is  either  maintained  at  about  room  tempera- 
ture value  or  increases  before  the  final  decrease  occurs.  The 
increased  strength  produced  by  rolling  cold  or  at  blue  heat, 
300  deg.  cent.  (572  deg.  fahr.),  is  maintained  throughout  a 
considerable  temperature  range,  but  these  effects  may  be  re- 


moved by  suitable  annealing.  A  high  proportional  limit 
exists  while  tempering  cold-rolled  plate  at  300  deg.  cent.  (572 
deg.  fahr.)  or  after  cooling  to  room  temperature,  an  effect 
that  can  be  used  to  advantage  in  the  production  of  cold-fin- 
ished products,  such  as  thin-wall  seamless  steel  tubes  where 
bluing  after  the  final  cold-pass  will  produce  a  high  elastic 
ratio. 

Some  effects  of  tensional  elastic  overstrain  are  also  de- 
scribed in  detail.  Among  the  tests  made  are  those  showing 
that  the  proportional  limit  can  be  made  to  approximate  the 
tensile-strength  by  overstraining  successively  at  blue  heat 
with  gradually  increasing  loads.  Differences  in  the  behavior  of 
overstrained  steel  upon  etching  are  observed  depending  upon 
whether  the  overload  is  applied  above  465  deg.  cent.  (869  deg. 
fahr.)  or  below  blue  heat,  300  deg.  cent.  (572  deg.  fahr.). 
Likewise,  the  effect  of  a  decrease  in  the  rate  of  loading  is 
different  in  these  two  temperature  ranges,  though  little  varia- 
tion in  tensile  properties  was  observed  when  tests  were  per- 
formed 30  times  as  fast  as  would  ordinarily  be  the  case. 
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The  Development  of  a  Modern 
Service-System 


By  Don  T.  Hastings1 


Chicago  Service  Meeting  Paper 


Illustrated  with  Charts 


THE  author  states  that  the  word  "service"  has  been 
and  still  is  the  most  abused  word  in  the  automo- 
bile language  and  enumerates  some  of  the  causes  of 
poor  service.  Good  service  is  then  considered  as  con- 
stituting a  sales  asset.  The  new  attitude  toward  serv- 
ice is  described  and  the  progress  of  the  building-up  of 
a  combined  flat-rate  and  piece-work  system  is  out- 
lined. 

The  flat-rate  and  the  piece-work  features  are  an- 
alyzed, inclusive  of  the  methods  applied  to  each  and 
comments  upon  the  results  obtained.  Records  form  an 
all-important  part,  and  these  are  kept  on  special  forms 
that  are  illustrated;  the  method  of  their  utilization  is 
given  in  detail.  The  duties  of  the  different  members 
of  the  service  personnel  are  specified,  and  it  is  shown 
how  the  different  factors  are  made  to  combine  and  pro- 
duce service  that  satisfies  the  car-owner. 

THE  word  "service"  has  been  the  most  abused  word 
in  the  automobile  language  and,  unfortunately, 
it  still  is  in  that  position  in  a  great  many  locali- 
ties. If  one  mentions  "service"  to  the  average  motor- 
car owner,  he  immediately  visualizes  a  gloomy  picture 
in  which  the  high  points  are  overcharges,  poor  work, 
discourtesy  and  delays,  with  a  wonderful  background  of 
dirt.  This  picture  has  been  the  natural  result  of  condi- 
tions which  were  allowed  to  exist  for  years  by  practically 
all  motor-car  dealers.  Of  course,  all  of  them  were  not 
guilty  on  all  the  above  counts,  but  some  serious  criticism 
was  justified  of  each  establishment.  The  result  is  that 
this  composite  picture  was  formed  in  the  mind  of  the 
public. 

Causes  of  Poor  Service 

The  unsatisfactory  service  that  has  been  given  in  the 
past  can  be  traced  to  several  causes.  Many  distributors, 
who  were  salesmen  primarily,  have  looked  on  service  as 
a  necessary  evil;  consequently,  they  have  paid  little  or  no 
attention  to  it.  It  has  been  left  to  some  mechanic  to  try 
to  get  by  in  fixing-up  cars  with  as  little  expense  to  the 
dealer  as  possible  and  no  regard  whatever  for  the  owner. 
Another  prolific  cause  of  poor  service  has  been  ignorance 
of  the  product  on  the  part  of  the  dealer,  and  of  its  re- 
quirements in  the  way  of  maintenance.  Sheer  laziness 
or  inertia  has  caused  these  dealers  to  avoid  spending  the 
time  and  energy  required  to  learn  how  to  take  care  of 
cars,  and  such  dealers  have  no  conception  of  the  possi- 
bilities of  service  as  a  sales  asset.  Another  type  of 
dealer  who  has  helped  to  bring  service  into  ill-repute  is 
the  man  whose  motto  is,  "get  the  money."  This  type  has 
overcharged  owners  for  work,  and  has  insisted  upon  pay- 
ment for  it  regardless  of  the  justice  of  the  charge  or 
the  owner's  rights. 

The  builders  of  cars  themselves  have  been  responsible 
in  a  great  many  cases  for  the  high-price  evil,  because 
of  the  exorbitant  figures  that  they  set  up  as  the  prices 
of  repair  parts.    The  dealer,  of  course,  could  do  nothing 
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but  accept  these  figures,  although  he  has  followed  the 
builder's  example,  in  many  cases,  and  added  a  high  per- 
centage to  the  factory  price  of  parts  in  the  guise  of  a 
charge  for  handling,  freight,  express,  and  the  like.  Pro- 
ducers also  have  been  responsible  for  much  of  the  poor 
service  rendered,  because  they  have  not  insisted  that 
their  distributors  and  dealers  give  the  proper  considera- 
tion and  study  to  the  service  problem.  So  long  as  a  sales 
volume  was  maintained,  they  have  been  short-sighted 
and  left  it  to  the  individual  dealer  to  decide  what  he 
should  do  with  his  service.  Even  among  those  manu- 
facturers who  talk  service  in  a  more  or  less  feeble  way, 
there  has  been  a  decided  lack  of  the  proper  supervision 
and  assistance  that  the  average  dealer  must  have  if  he 
is  to  succeed  in  giving  good  service  without  a  prohibitive 
outlay. 

Good  Service  as  a  Sales  Asset 

Most  manufacturers  and  dealers  have  failed  to  real- 
ize that  first-class  service  is  one  of  the  best  aids  to  the 
sales  department  that  it  is  possible  to  secure.  The  best 
advertising  is  conceded  to  be  the  word-of-mouth  adver- 
tising that  a  satisfied  owner  does  among  his  friends  and 
acquaintances.  No  matter  how  well  satisfied  a  man  is 
with  the  car  he  has  purchased,  while  it  is  new,  he  will 
not  remain  a  booster  unless  he  is  able  to  get  satisfactory 
treatment  when  in  need  of  adjustments  or  repairs  to  his 
car.  The  dealer  cannot  expect  orders  from  the  friends 
of  an  owner  whose  standard  line  of  talk  is  to  the  effect 
that  his  car  is  fine  but  that  the  service  rendered  by  the 
dealer  is  poor. 

Owners  are  buying  cars  more  and  more  on  the  basis 
of  good  service.  The  average  owner  would  be  satisfied 
to  own  any  one  of  four  or  five  cars  that  are  in  the  same 
price-class,  and  he  is  almost  certain  to  inquire  about  the 
service  given  on  the  various  cars  before  he  signs  an 
order.  The  dealer  who  has  once  instituted  good  service 
in  his  establishment  is  impressed  almost  daily  by  the 
remarks  of  prospects  to  the  effect  that  they  were  rather 
inclined  to  buy  some  competitor's  car  until  some  neigh- 
bor boosted  the  dealer's  service  strongly  enough  to  per- 
suade them  to  buy  one  of  his  cars. 

The  New  Attitude  Toward  Service 

About  5  years  ago,  a  few  of  the  leading  dealers  in 
various  parts  of  the  Country  began  to  realize  that  their 
service  departments  had  not  been  conducted  on  the  same 
high  plane  as  had  their  sales  departments.  The  result 
was  that  these  few  dealers  studied  the  service  problem 
and  started  to  develop  this  end  of  their  business.  Each 
one,  acting  independently  of  the  others,  consciously  or 
unconsciously  adopted  the  Golden  Rule  as  the  goal  toward 
which  to  strive  in  their  service  work.  Each  one  put 
himself  in  the  place  of  the  individual  owner,  with  the 
result  that  they  took  steps  to  make  their  establishments 
known  as  having  the  following  service  ideals : 
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(1)  A  square  deal 

(2)  Courtesy 

(3)  Cleanliness 

(  4  I  Guaranteed  work 

(5)  Reasonable  prices 

(6)  Promptness  of  delivery 

(7)  Promises  kept  when  made 

(8)  An  adequate  stock  of  parts 

Many  of  the  factories  have  realized  in  recent  years 
that  unreasonably  high  parts-prices  were  proving  a 
handicap  in  the  sale  of  cars.  The  result  is  that  many 
of  them  now  have  such  a  price-list  that  the  total  price 
of  all  the  parts  or  assemblies  required  to  form  a  complete 
car  equals  or  is  less  than  the  price  of  a  complete  new- 
car. 

Among  the  steps  that  have  been  taken  looking  toward 
the  accomplishment  of  the  ideals  mentioned,  perhaps  the 
most  important  is  the  establishment  of  fiat-rate  or  guar- 
anteed charges  for  labor  covering  the  various  operations 
required  in  the  repair  of  cars.  Some  of  these  flat-rate 
systems  have  been  developed  by  individual  dealers,  and 
others  have  been  prepared  by  the  factories  and  trans- 
mitted to  their  dealers.  It  is  much  more  satisfactory 
to  the  owner  to  be  told,  before  the  work  is  started  on  his 
car,  exactly  what  the  labor  charge  will  be  for  the  vari- 
ous operations  required,  than  it  is  for  him  to  come  in 
when  the  work  is  completed,  and  find  the  bill  far  larger 
than  he  had  anticipated.  If  the  owner  considers  that 
any  flat-rate  charge  is  greater  than  it  should  be,  he  has 
the  opportunity  of  cancelling  his  order  for  the  particu- 
lar work  in  question  before  it  is  started.  Consequently, 
this  system  avoids  the  unpleasant  arguments  that  occur 
all  too  frequently  under  the  old  method  of  charges  for 
labor.  One  of  the  leaders  in  this  work  was  Percy  E. 
Chamberlain  of  Denver,  whose  messages  on  Flat-Rate 
and  the  Lady  in  White  have  been  heard  by  hundreds  of 
service  managers  in  the  last  few  years. 

A  bit  of  history  now  appears  necessary  to  make  clear 
what  follows.  In  1919,  Mr.  Williams  and  I  arranged 
to  secure  the  distributor's  franchise  for  the  Hupmobile 
for  the  lower  Peninsula  of  Michigan,  with  headquarters 
in  Detroit.  Mr.  Williams  had  had  some  15  years  of  sell- 
ing experience  in  the  motor-car  business,  and  I  had  been 
for  about  12  years  connected  with  the  engineering  de- 
partments of  various  motor-car  companies.  The  quar- 
ters that  we  were  able  to  secure  were  such  that  it  was 
necessary  for  us  to  separate  the  sales  and  the  service 
departments.  The  natural  result  was  that  Mr.  Williams 
concentrated  his  attention  on  the  selling  end  and  I  fairly 
lived  with  the  service  division.  The  word  "lived"  is 
used  advisedly,  because  for  the  next  3  years  practically 
all  of  my  time,  not  only  the  days  and  the  evenings,  but 
Sundays  and  holidays  as  well,  was  spent  in  supervising 
and  developing  the  service  work.  The  building  that  we 
secured  early  in  1920,  when  the  demand  for  space  was 
far  in  excess  of  the  supply,  was  rather  small  and  ex- 
tremely dirty;  it  was  very  poorly  lighted  and  had  been 
used  as  a  storage  garage.  The  floors  were  covered 
from  nL>  to  1  in.  thick  with  grease  and  dirt,  and  the 
inside  of  the  building  was  black  with  soot.  As  we  were 
starting  in  with  a  service  policy  that  covered  most  of 
the  points  listed  above,  our  first  big  job  was  to  clean 
house.  More  than  a  week  was  spent  in  removing  the  ac- 
cumulated dirt  from  the  floors  alone.  The  inside  of  the 
building  was  sprayed  with  white  paint,  and  adequate 
lights  and  wall  outlets  for  electric-drill  and  extension- 
light  connections  were  installed.  Sectional  wooden  bins 
for  handling  parts  were  constructed  and  painted,  and 
a  preliminary  supply  of  parts  was  installed.     The  bins 


were  labeled  with  the  part  numbers,  and  a  perpetual- 
inventory  stock-record  installed.  At  the  end  of  a  month 
we  had  a  clean,  well-lighted  shop  and  parts  department, 
with  the  skeleton  of  an  organization,  and  were  prepared 
to  give  service. 

Our  next  big  problem  was  to  develop  an  organization 
through  which  to  give  owners  courteous,  prompt  and 
intelligent  service.  For  several  months  we  went  through 
the  grief  of  trying  out  various  men  in  the  several  posi- 
tions. Finally  we  found  suitable  men  and  got  them  well 
started  along  the  lines  that  we  considered  necessary  in 
the  way  of  educational  development.  Practically  all  of 
the  men  thus  selected  are  still  with  our  organization, 
and  they  have  been  given  the  first  opportunities  to  move 
into  more  responsible  positions  as  the  organization  de- 
veloped. In  connection  with  the  educational  program 
for  these  men,  we  sent  our  shop-foreman  and  our  leading 
service-salesman  to  attend  a  course  in  shop  management 
at  the  Young  Men's  Christian  Association  school,  and 
paid  one-half  of  the  cost  of  the  course. 

The  Flat-Rate  System 

Our  early  analysis  of  the  service  problem  had  con- 
vinced us  that,  ultimately,  we  would  install  a  flat-rate 
system  of  charges  for  the  customer,  and  that  we  would 
also  install  a  piece-work  system  in  the  shop.  We  decided 
further  that  our  flat-rate  charges  to  the  customer  should, 
in  the  great  majority  of  cases,  cover  labor  only,  as  any 
system  that  attempted  to  include  the  cost  of  parts,  lubri- 
cants, and  the  like,  as  well  as  labor,  could  be  only  an 
estimate  system,  instead  of  a  definite  statement  of  costs. 
The  advantages  of  this  flat-rate  and  piece-work  system 
were  summarized  briefly  as  follows: 

Advantages  for  the  Car-Owner 

(1)  He  is  advised  in  advance  regarding  the  cost  of  the 
job,  so  far  as  the  labor  is  concerned 

(2)  The  cost  of  the  work  to  him  is  reduced 

(3)  He   gets    his   car   sooner,    because    it    reduces   the 
length  of  time  required  to  do  the  work 

(4)  It    eliminates    any    misunderstandings    as    to    the 
charge,  because  this  is  arranged  in  advance 

Advantages  for  the  Dealer 

(5)  The  cost  of  performing  the  work  is  reduced 

(6)  The  tendency  is  to  make  the  mechanic  more  care- 
ful; for,  if  his  work  is  judged  unsatisfactory  by 
the  foreman  and  the  inspector,  he  must  do  the 
work  over  at  his  own  expense 

(7)  More  floor-space  is  created,  because  the  work  is 
performed  faster 

(8)  The  number  of  workmen  in  the  shop  is  lessened 

(9)  More  jobs  are  put  through  the  shop  in  a  given 
time 

(10)  Disputes  over  customers'  bills  are  eliminated 

(11)  It  eliminates  incompetent  workmen 

(12)  Loafing  is  done  away  with 

(13)  New  cars  are  prepared  for  delivery  in  less  time, 
and  at  a  standardized  rate 

Advantages  for  the  Mechanic 

(14)  His  hourly  rate  while  working  is  increased 

(15)  It  increases  his  total  monthly  earnings 

(16)  His  straight-time  work  is  speeded  up,  so  that  he 
can  get  back  on  the  contract 

(17)  The  mechanic's  dislike  for  certain  jobs  is  elim- 
inated 

(18)  It  creates  in  him  an  inventive  genius,  and  he  de- 
signs tools  to  help  him  accomplish  the  work  in  a 
shorter  time 

We  realized  that  to  install  such  a  system  on  a  logical 
basis  required,  fundamentally,  a  knowledge  of  the  vari- 
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ous  operations  required  in  handling  repair  work,  and 
also  of  the  average  time  required  for  each  one  of  these 
operations.  An  analysis  was  made  of  the  repair  opera- 
tions, and  they  were  divided  into  25  groups,  each  group 
consisting  of  a  number  of  operations  on  a  particular 
unit  in  the  car  or  covering  a  certain  class  of  work.  The 
total  number  of  operations  listed,  including  those  cov- 
ering the  installation  of  the  more  commonly  sold  acces- 
sories, was  about  400.  As  soon  as  this  list  was  prepared, 
two  lines  of  work  developed;  the  systematic  recording 
of  time  and  a  method  of  making  the  operations  specific. 

The  Time-Keeping  System 

It  was  necessary  that  the  service-salesman  write  the 
instructions  for  each  repair-job  in  such  a  way  as  to  segre- 
gate the  operations  required  in  accordance  with  this  new 
list.  It  was  necessary  also  that  the  time-keeping  system 
be  arranged  so  that  accurate  time  was  obtained  on  each 
operation.  The  service-salesmen  were  perfectly  willing 
to  cooperate,  but  it  took  some  time  to  educate  them  to 
analyze  the  customers'  requirements  in  terms  of  our 
operation  list.  A  consistent  study  of  the  list  and  of 
various  work  orders  on  my  part  and  by  the  service- 
salesmen  eventually  resulted  in  having  the  orders  written 
properly.  The  big  stumbling-block  was  to  get  the  time 
properly  reported  by  the  mechanics.  Again  a  process  of 
education  and  elimination  was  resorted  to,  the  trouble- 
makers in  the  shop  left  the  organization  and  the  records 
began  to  come  through  in  fair  shape.  A  time  clock  was 
installed  to  assist  in  this  work,  and  it  seemed  to  fit  the 
requirements.  The  outfit  has  proved  to  be  very  satis- 
factory, since  it  has  an  advantage  in  that  electrically 
controlled  time-stamps,  working  from  the  master  clock, 
can  be  installed  at  any  point  in  the  building. 

As  the  time-records  accumulated,  they  were  posted 
to  individual  sheets  for  the  various  operations.  These 
summary  sheets  were  checked  over  by  the  shop  foreman 
and  myself.  Any  time-records  that  were  obviously  too 
high  or  too  low  were  rejected,  and  the  average  time  re- 
quired on  each  operation  was  determined.  In  the  ma- 
jority of  cases,  at  least  10  valid  reports  were  used  in 
determining  the  average;  in  some  cases,  the  number 
was  more  than  100. 

Operation  Data 

It  was  decided  to  write-up  the  detailed  procedure  re- 
quired on  each  operation,  so  as  to 

(1)  Make  definite  the  work  required  by  each  operation 

(2)  Outline  the  best  procedure  to  accomplish  this  work 

(3)  Inform  all  mechanics  of  any  shortcuts  developed 
by  anyone  in  the  organization 

(4)  Enable  a  good  mechanic  not  familiar  with  this  par- 
ticular car  to  adapt  himself  quickly  to  our  partic- 
ular methods 

(5)  Avoid  the  chance  of  having  work  ordered  by  an 
owner  not  being  completely  finished. 

(6)  Prevent  arguments  with  the  mechanics  in  case 
their  work  were  incomplete  or  improperly  done, 
because  they  must  in  such  case  complete  it  or  do  it 
again  on  their  own  time 

A  standard  form  was  adopted  for  these  operation 
sheets,  the  original  being  written  on  vellum.  Carbon 
paper  was  used  against  the  back  of  the  vellum  so  that 
clear  blue-prints  measuring  6  x  9%  in.,  could  be  made 
in  any  quantity  required.  The  working  set  of  these 
blue-prints  for  use  in  the  shop  was  mounted  on  steel 
plates,  the  prints  being  covered  with  shellac  to  preserve 
them  indefinitely.  These  mounted  prints  are  drawn  out 
on  tool  checks  as  required  by  the  workman. 


GROUP  -EIGIII 
OPERATION   4-11 
SCRAPS   CARSON 

A.    Partially  drain    radiator. 

NOTE:    Preserve  anti-freezo  solution, 
b.    Remove  spark   pltiga,    ignition  distributor  and  disconnect 

upper  hoBe  elbow    from  cylinder  head. 

C.  Remove  cylinder  Dead   and  gasket. 

D.  Set  each  pialon  in  firing  position,    that  is,    with  both 

i ta  valves  closed,    while  Scraping    to  prevent  carbon 
getting  on  valve  seats. 

E.  Scrape  carbon   from  bead,    tops  of  pistons,    top  of  cylinder 

block   and   from  valves. 

F.  Install   new  cylinder  head  gasket  and    replace  head. 

NOTE:    Tighten   head    stud   nuts   uniformly  one   quarter 


G. 


turn   at    a   time,    starting   with    those   at   canter. 
Clean  gasket  surfaces  on  head  and  water  elbow-Use  nsw 
gasket  and  connect  elbow    to  head. 
H.    Fill    radiator  with  clean   water  or  replace  anti-frseze 
solution. 

NOTE:    Cylinder  neal  gasket  and  upper  hose  connection 
must   be    free    from   water   leaks. 
I.    Clean  spark  plugs  and   set  gap  between   .022"   and   .025" 
J.    Install    and  connect  spark  plugB  and  distributor  head. 


TOOL.;    REQUIRED 


PASTS  POSSIBLE    i'.EEUEU 


REPORT  TO   F0F-E.AS    ANY   ADDITIONAL  JORK   REQUIRED 


Pig.     1 — A    Typical    Operation    Sheet    Giving    the 
Various  Steps   That  Are  To  Be  Taken 

A  typical  example  of  these  operation  sheets  is  shown 
in  Fig.  1.  The  group  number  and  name  are  stated  at 
the  top  of  this  sheet,  followed  by  the  operation  number 
and  the  name  of  the  operation.  The  operation  number 
is  also  placed  in  the  upper  right-hand  corner  of  the  sheet. 
The  detail  operations,  with  the  necessary  notes,  are 
written  in  as  definite  terms  as  possible.  It  was  found 
to  be  a  difficult  task  to  put  these  instructions  into  such 
form  that  they  could  not  be  misinterpreted  even  by  the 
mechanic  with  little  education.  A  space  is  provided  be- 
low the  instructions  for  a  list  of  the  special  tools  re- 
quired and  another  space  for  a  list  of  the  parts  most  com- 
monly required.  Neither  the  tools  nor  the  parts  are 
filled-in  on  this  sample  sheet. 

At  the  bottom  of  each  sheet  is  a  standard  note: 
"Report  to  foreman  any  additional  work  rquired."  Es- 
pecial emphasis  is  laid  on  this  in  the  shop,  as  points  re- 
quiring attention  frequently  come  to  the  workman's 
notice,  although  no  mention  has  been  made  of  them  by 
the  owner.  Where  such  additional  work  is  advisable  in 
the  judgment  of  the  foreman,  an  effort  is  made  to  get 
in  touch  with  the  owner  by  telephone,  to  secure  his  au- 
thorization for  the  extra  work.  If  it  is  impossible  to 
reach  the  owner,  the  general  rule  is  not  to  do  the  addi- 
tional work;  although  in  some  particular  cases,  where 
the  owner  is  well  known  to  the  service  organization,  the 
additional  work  is  done  if  it  is  of  relatively  small  amount. 

Repair-Job  Order-Form 

After  a  process  of  development  had  been  gone  through, 
the  repair-job   order-form  shown   in   Figs.   2  to   6   was 
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K4CBIVSD  IN  3HOP 

Sam 
1(1-15-22 


OWNIRt  NAMB 

John  Doe 


PHONF    NO 

MS1T)    100 


Hupp 


MODE! 


CAB  NO 

86000 


LICENSE  NO 

88-400 


PaTi 

n-ib-2 


CAS  GAUGE 


h 


ADDRESS 

3000  Claj  Avenue 


WORK  ORDER— USE  A  SEPARATE  LINE  FOR  EACH  ITEM 


Grind  valves  and  clean  carbon 


Change  Motor  on 


Install    front  C     G     bumper    (Blach  $17.50) 


Report  tc  owner  ok  general    condition  of   cat 


Promises  made  as  to  the  completion  of  work  are  dependent  on  con- 
ditions beyond  our  control. 

If  a  car  is  not  removed  within  24  hours  after  notification  that  work 
is  completed    it   will   be  placed    in   storage  at  owner's  expense 

It  is  expressly  agreed  that  Williams  &  Hastings,  Inc.,  shall  not  be 
responsible  for  loss  by  fire,  or  for  loss  or  damage  to  cars,  parts, 
articles  of  equipment  or  loose  articles,  furnishings  or  accessories  by 
theft,  accident  or  otherwise,  unless  a  soecific  agreement  to  that  end 
is  made  in  writing,  nor  for  detention  or  delay  in  delivery  of  cars, 
nor  for  consequent  damages  or  loss  of  use  of  said  car,  however  caused. 
The  receipt  of  the  car  at  any  time  by  the  owner  or  his  representative 
shall    constitute   a    waiver    of   all   claims   for   loss   or   damage   thereto. 

Cars  are  examined,  tested  and  driven  by  our  men  solely  at  owner's 
risk. 


]  AUTHORIZE  THE  ABOVE  WORK   ON  MY  CAR  FOR  WHICH  I  AGREE  TO  PAY  CASH  ON 
DELIVERY   OF   CAR      I  ALSO  ACCEPT  GENERAL  CONDITIONS  PRINTED  HEREON 


John  Doe 

OWNER  PI-EASE  SIGN  HERE 


AGENT  SIGN   HERE 


WILLIAMS  &  HASTINGS.  Inc —OWNER'S  COPY 


Thursdas 
5-50 

CAR  PROMISED 


Fig.    2 — The   Original   or   Owner's    Copt   of   the   Repair-Job  Order-Form 


finally  adopted.  This  form  is  printed  in  quadruplicate. 
The  first  sheet,  Fig.  2,  is  the  owner's  copy;  the  second, 
Figs.  3  and  4,  the  office  copy ;  the  third,  Fig.  5,  the  fore- 
man's copy;  and  the  fourth,  Fig.  6,  the  shop  copy  that 
is  used  by  the  mechanic. 


To  carry  the  fourth  copy  on  the  car,  a  celluloid-faced 
cloth-envelope,  open  at  the  top,  is  provided.  This  pro- 
tects the  shop  copy  from  grease  and  dirt  while  the  work 
is  in  process.  A  detailed  description  of  this  repair-job 
order-form  will  not  be  attempted  here,  as  the  reasons  for 


RECEIVED  IN  SHOP 

PHONE  NO. 

Main  100 

i car— 

R 

CAR  NO 

86000 

DATE 

11-15-22 

REPAIR   JOB  NO 

BILLED  BY 

Distribution         Owner 

HOUSE 

COST 

,    9  A..    M. 
11-15-22 

Hupp 

19652 

DISTRIBUTION 

BY 

P— OWNER 

PAYS 
H- HOUSE 
CHARGE 

Parti 
Net 

WS 

TYPE 

s 

LICENSE  NO. 

88-400 

CAS  Ca>.  gs 
2      ;,       Vi      :.      F 

t 

8000 

Sales  Order    -iij 

50 

DATE 

OWNER'S  NUIE                                                                                      """"    ' 

John  Doe 

ADDRESS 

3000  Clay  Avenue                          City 

Gas.  Oil 
Grease 

1 

CO 

CHARGE  FOR 

Wash 
Polish 

Simoniz 

N.. 

V/ORK  ORDER— USE  A  SEPARATE  LINE  FOR  EACH  ITEM 

PEKATIOr. 
NO 

H>  IUKS 

LABOR 

M. ...... 

LABOR   CHARGE 

1 

Grind  valVes  and  clean  car"bon 

4-1S 

P 

P 

8 

00 

Outside 
Call 

Change  Motor  oil 

4-1 

H 

P 

»*. 

s 

6 
1 

a 

-> 
10 

Install   front  C.  G.   bumper     (Black  $17.50) 

25-50 

H 

P 

8 

00 

Peport  to  owner  on  general    condition  of  car 

S  T 

H 

H 

Labor 

L*Z!y 

Mi  sec  II 

MiacelL 

Mi  (cell. 

MiKciL 

1] 

TOTAL 

13 

2T     |   1(3 

13 

H 

OWNER 
PAYS 

CHARGE 

HOUSE 

ACCOUNT 

ir. 

HOUSE 

ACCOUNT 

J  7 
IN 

TOTAL 

PAID  STAMP 

I  AUTHORIZE  THE  ABOVE  WORK  ON  MY  CAR  FOR  WHICH  I  AGREE  TO  PAY  CASH  ON 
DELIVERY  OF  CAR.     I  ALSO  ACCEPT  GENERAL  CONDITIONS  PRINTED  HEREON 

<1  .1.1    .in 

FACTORY  NO. 

APPRO VXD 
BY 

John  Doe 

OWNER  PLEASE  SIGN  HERE 

Thursday 
5-30 

OKDKK 

F-»»>*M*,.nT*wmt               WILLIAMS  fit  HASTINGS,  Inc.— OFFICE  COPY 

"Fig.  3 — The,  Front  of  the  Office  Copt 
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LABOR 

MATERIAL 

MATERIAL 

DATE 

OPERATION 

"SB! 

TIME 

ITEM 

■  • 

PART  No 

NAME 

r 

'i 

AMOUNT 

<>»; 

PART  No. 

NAME 

i 

II 

AMOUN- 

15 

1 

45215 

Water  header  gashet 

03 

15 

1 

45U8 

Cylinder  head  gasket 

60 

1 

1 

- 

- 

ACCESSORIES 

P 

H 

AMOUNT 

— 

1 

AC.    126  C.  G.    Bumper- Black 

7       50 

■ 

- 

- 

— 

- 

0u« 

CAS,  OIL,  GREASE.  ALCOHOL 

P 

H 

AMOUNT 

— r 

] 

Gallon  cylinder   oil 

1 

00 

1 

WORK  SPECIFIED 

COMPANY 

P 

H 

AMOUN1 

Fig.    4 — The   Back   of  the   Office   Copy 


9   A.    H. 
11-15-2? 

Haiti  100 

Hupp 

P 

66000 

U-15-? 

I'm;;,,' 

INDICATE     1 

DISTRIBUTION 

S 

88-400 

i 

eooo 

P — OWJOiR 
CHARGE  j 

John  Doe 

"S00C  clay  Avenue                               City 

CHARGF    FOR 

KT 

WORK  ORUEV-USE  »   SEPARATE  LINE  POF  EACH  ITEM 

OTMTMM 

CL.,- 

UOO- 

n.*™. 

i 

Grmd   valves  and   clean  carbon 

4-12 

P 

P 

gq  Motor  oil 

4-1 

K 

P 

! 

.  ■,!.    Frew,    c.    c-.  bumper     IBUch  fcl.7.501 

85 

50 

H 

P 

Report   to  owner  on  general   condition  of  car 

S  1 

H 

I 

' 

7T 

u 

CPT  OWNER'S  APPROVAL  ON  ANY  ADDITIONAL  WORK   WHICH  SHOULD 
BE  DONE  BEFORE  STARTING  THAT  WORK 

John  Doe 

OWMU)  PLEASE  SIGN  HERE 

AGENT  SIGN  HERE 

Thursday 
5   50 

CAR  PROMISED 

ODDER 

~- «  ..«.».«..          WILLIAMS  &  HASTINGS    Inc  -FOREMAN'S  COPY 

Fig.  5 — The  Foreman's  Copt 

most  of  the  notations  are  obvious.  It  probably  will  suf- 
fice to  call  attention  to  the  claim-check  at  the  right-hand 
side  of  the  owner's  copy,  Fig.  2.  This  sheet  is  perforated 
so  that  the  claim-check  can  be  detached  readily.  In  the 
space  on  the  office  copy,  Fig.  3,  corresponding  to  The 
claim-check  on  the  owner's  copy,  are  two  columns  for 
house  charges  and  the  cost  of  various  items.  These  two 
columns  carry  data  that  are  of  no  interest  to  the  owner. 
The  back  of  the  office  copy,  Fig.  4,  also  carries  two 
columns  at  the  left-hand  edge  which  correspond  to  the 
claim-check  section  of  the  owner's  copy.  These  two 
columns  provide  for  the  entering  of  the  date  and  the 
operation  number;  consequently,  they  do  not  appear  on 
the  owner's  copy.  The  time  column  is  not  filled-in  where 
an  operation  is  specified,  as  the  charge  for  any  operation 
is  a  fixed  amount.  The  time  column  is  used  only  where 
straight-time  work  is  done. 

The  repair-job   orders  are   written-up   in  pencil,   car- 


bon paper  being  used  between  the  sheets.  Typewritten 
orders  look  neater,  but  to  typewrite  them  would  require 
the  services  of  at  least  one  more  clerk  and  seriously 
delay  getting  work  started  and  also  the  completion  of 
the  billing  on  those  jobs  that  are  finished  at  the  end  of 
the  working  day.  It  will  be  noted  that  the  foreman's 
copy  and  the  shop  copy  of  the  repair-job  order-form  are 
smaller  than  the  other  two  copies.  This  is  to  avoid  put- 
ting into  the  hands  of  the  men  in  the  shop  information 
in  regard  to  prices  that  is  of  interest  only  to  the  owner. 
The  repair-job  order-forms  are  padded  in  lots  of  25 
sheets,  and  each  of  the  service-salesmen  is  provided  with 
a  light  wooden  tray  into  which  one  of  these  pads  fits. 
A  piece  of  sheet  aluminum,  about  1/16  in.  thick  and  the 
same  size  as  the  pad,  goes  with  each  one  of  these  trays. 


Fig.    6 — The    Shop    Copy    of    the    Repair-Job    Order-Form    That 
Accompanies  the  Car  on  Its  Progress  Through  the  Shop 
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Owners_ 

Copy 

Office  _ 
Copy 


Order 
Written 

Four 

Copies 


foreman 


Car 


'■'■•  hon  : 


Inspector 


Time 
Clerk 


Accountant 


Cashier 


Files 


Shop  _ 
Copy 

-Diagram  Illustrating  the  Routing  of  the   Four  Copies  of  the  Repair-Job  Order-Form 


Order 
tabulator 


Servce 

Vr ;  :■:■ 


-(Customer) 


It  is  inserted  under  the  fourth  copy  of  the  top  repair- 
job  order-form,  to  afford  a  satisfactory  even  surface  for 
writing.  If  this  were  not  provided,  it  would  be  difficult 
to  write  toward  the  right-hand  end  of  the  pad,  because 
the  pad  tapers  in  thickness,  due  to  the  smaller  size  of  the 
foreman  and  the  shop  copies. 

Routing  of  Shop  Orders 

The  routing  of  the  four  copies  of  the  repair-job  order 
is  shown  in  the  chart,  Fig.  7.  When  a  customer  comes 
to  the  shop  with  his  car  to  have  some  work  done,  he  is 
met  by  a  service-salesman  who  converses  with  him  and 
thus  determines  what  work  is  to  be  performed.  If  it  is 
impossible  to  determine  exactly  what  is  to  be  done,  a 
trouble  locater  is  called  into  conference;  if  necessary, 
this  man  rides  in  the  car  to  determine  the  exact  nature 
of  the  work  required,  and  he  reports  back  to  the  service- 
salesman.  This  permits  the  service-salesman  to  be  on 
the  floor  all  the  time. 

Upon  ascertaining  the  exact  nature  of  the  work  to  be 
performed,    the    service-salesman,    by    referring    to    his 


OPERATION 

PhlCE 

1 

$2.40 

2 

3.20 

3 

9.60 

4 

5.80 

10 

8.00 

22 

6.90 

30 

3.30 

31 

S.80 

82 

2.00 

33 

.90 

12 


Fig.     S — A    Typical    Page    From     the     Service-Salesman's 

Manual     Showing     the     Prices     Charged     For     Certain 

Operations 


manual,  shown  in  Fig.  8,  quotes  the  price  to  be  charged, 
and  makes  all  arrangements  with  the  car-owner  as  to 
whether  he  pays  or  the  house  shall  pay  for  the  transac- 
tion. Everything  being  satisfactory,  he  then  writes  the 
order  in  quadruplicate.  Each  operation  is  listed  and 
priced  and  marked  as  to  whether  the  customer  or  the 


Car 
No.. 


Job     N?   22896 


Owner 


REPAIR  JOB  FILE 

WILLIAMS  &  HASTINGS,  Inc. 

Date  Received 


Date  Completed- 


farm  3  10M  *-27-23  T3P  B19J4 

POST  CARD 
MAILED 

DUPLICATE 
MAILED 

NUMERICAL 

RECORD 

DAILY 
RECORD 

CAR 
RECORD 

OWNER'S 
NAME 

Fig. 


9 — Face  of  the  Envelope  That  is  Used  as  a  File  Wrapper 
for   a   Complete   Repair-Job    Order 


house  shall  pay.  All  this  is  determined  before  the  car 
goes  to  the  shop.     ■ 

The  owner's  and  the  office  copies  are  sent  to  the  ac- 
countant; and  the  foreman's  and  the  shop  copies,  along 
with  the  car,  are  sent  to  the  foreman.  The  foreman 
sends  his  copy  direct  to  the  time  clerk,  who  holds  it  as 
a  follow-up.  The  shop  copy  is  placed  in  a  pocket  attached 
to  the  radiator  of  the  car,  and  it  stays  with  the  car 
until  the  job  is  finished. 

The  mechanic  then  performs  the  work  outlined  on  the 
shop,  or  fourth,  copy,  and  when  it  is  finished  he  calls 
in  the  inspector  who  passes  upon  the  work.  If  it  is 
unsatisfactory,  the  mechanic  makes  the  necessary  cor- 
rections before  the  inspector  will  pass  it.  In  addition 
to  the  inspection  of  the  mechanic's  work  by  the  inspec- 
tor, the  foreman  is  called  to  look  the  job  over  before  the 
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inspector.  The  inspector  must  place  his  0.  K.  on  the  shop 
copy  of  the  job  order  before  the  car  is  released.  This 
copy  then  goes  to  the  time  clerk,  who  stamps  it  to  in- 
dicate that  all  time  slips  and  requisitions  have  been  sent 
through,  matches  up  the  shop  copy  with  the  foreman's 
copy  and  sends  the  latter  back  to  the  service-salesman. 
The  shop  copy  is  then  sent  to  the  accountant's  office, 
where  it  is  matched-up  with  the  owner's  and  the  office 
copies  that  are  being  held.  In  the  meantime,  all  charges 
for  straight-time  labor,  parts,  accessories  or  outside 
work,  have  been  filled-in  on  the  owner's  and  the  office 
copies  as  fast  as  the  necessary  information  reached  the 
accountant.  When  the  shop  copy  reaches  the  accountant, 
he  makes  the  final  entries,  totalling  the  various  items  and 
computing  the  charges  to  the  house  and  to  the  customer. 
As  soon  as  the  customer's  invoice  is  completed,  the  own- 
er's, the  office  and  the  shop  copies  all  are  forwarded  to 
the  cashier. 

The  repair  order  is  held  by  the  cashier  until  the  owner 
arrives  and  pays  his  charges.  Then  the  cashier  receipts 
the  first  or  original  copy,  stamping  it  paid,  and  deliv- 
ers it  to  the  customer.  The  shop  copy  and  the  office 
copy  are  then  sent  to  the  desk  of  the  order  tabulator, 
where  all  information  is  compiled,  and  a  complete  sta- 
tistical chart  is  made  that  covers  the  transaction.  The 
order  is  then  sent  to  the  service  manager,  who  thereby 
has  complete  knowledge  of  the  nature  of  the  work  per- 
formed, the  length  of  time  required  and  the  like.  This 
keeps  him  in  direct  touch  with  the  shop  on  all  jobs. 
Afterward,  he  sends  the  order  to  be  filed  for  future  refer- 
ence as  a  complete  record  of  the  transaction.  The  face 
of  the  envelope  used  as  a  file-wrapper  is  shown  in  Fig.  9. 

Repair  Parts 

If,  during  the  course  of  the  repair  work,  it  becomes 
necessary  to  install  new  parts,  the  mechanic  who  does 
the  work  notifies  the  time  clerk;  the  latter  makes  out  a 
store's  requisition  in  duplicate,  as  shown  in  Fig.  10,  list- 
ing the  names  of  the  material  desired.  Both  copies  are 
sent  to  the  parts  department,  as  shown  in  the  left  hand 
of  Fig.  11,  where  the  part  number  and  the  price  are  in- 
serted on  both  copies  and  the  order  filled  by  the  stock- 
room. The  parts  clerk  then  delivers  the  original  to  the 
accountant,  who  attaches  it  to  the  customer's  order  and 
enters  the  prices  on  the  customer's  invoice  and  the  office 
copy.  The  duplicate  of  the  store's  requisition  is  given 
to  the  stock-record  keeper,  who  makes  the  necessary 
entry  on  the  stock-record  card.  If  it  becomes  necessary 
to  have  work  done  outside  of  the  repair-shop,  or  to  order 
parts  that  are  not  carried  in  stock,  the  same  stores  requi- 
sition is  used  and  sent  to  the  purchasing  agent,  who  takes 
the  necessary  steps  to  see  that  it  is  taken  care  of  imme- 
diately. 

It  happens  occasionally  that  more  parts  are  drawn 
from  the  stockroom  than  are  required  for  the  particular 
job.  In  this  case  a  receiving  memorandum,  shown  in 
Fig.  12,  which  is  printed  in  duplicate,  in  red,  is  filled- 
out  by  the  time  clerk  and  returned  with  the  surplus  parts 
to  the  stockroom.  One  copy,  when  filled-in  with  the  part 
numbers  and  the  price,  goes  to  the  accountant;  the  other 
copy  goes  to  the  stock-record  keeper.  The  necessary 
entries  are  made  by  each  on  the  repair-job  order-form 
and  the  stock-record  cards.  The  routing  of  the  stores 
requisitions  and  that  of  the  time  slips  is  shown  diagra- 
matically  in  Fig.  11. 

Timekeeping 

To  keep  the  time  records  for  each  man  properly,  a 
special  form  was  developed  as  shown  in  Fig.  13.     This 


11/16/1922 

DATE 

WANTED 

SUPPLIES 

13652 

R.   J.   O     No 

QUANTITY 

»."r   NUHBU 

DESCRIPTION 

P»,CI 

.-OUST 

1 

AC    126 

C.  G,   Front  Bumper  -  Black 

17 

50 

1. 

Gel. 

Cylinder  Oil 

1 

00 

1 

45148 

Cylinder  Head  Gasket 

60 

1 

45215 

Water  Header  Gasket 

01 
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APPROVED  BY                            STOCK  ISSUED  BY 

S.  M. 

PRICED   BY 

X 

.POSTED 

.•>....<,». ,..,c STORES    REQUISITION         Williams  a  Hastings  Inc 

Fig.   10 — Requisitions  for  Parts  Needed  bt  the  Shop  Are 
Written  in  Duplicate  on  This  Form 

form  is  printed  in  quadruplicate,  on  one  sheet  of  paper; 
two  copies  of  the  form  appear  on  each  side  of  the  sheet, 
and  they  are  spaced  in  such  a  way  that,  when  folded,  the 
four  copies  register  with  each  other.  Three  sheets  of 
carbon  paper  are  used;  so,  all  the  records  of  time  re- 
quired are  made  at  the  one  writing.  The  first  and  sec- 
ond copies  are  perforated  so  that  the  individual  slip, 
giving   the   time  for   each   operation,   can   be   detached. 
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Reproduced   in   Fig.    13,    Is   Outlined   at   the   Right 

In  practice,  the  time  slips  are  made  out  in  pencil  by  the 
time  clerk.  The  time  is  stamped  on  the  clock  by  the 
time  clerk,  who  is  notified  by  the  mechanic  whenever 
he  starts  or  completes  an  operation. 

When  a  man  starts  on  an  operation,  he  reports  the 
repair-job  order-number  and  the  operation  number  to 
the  time  clerk,  who  makes  the  necessary  entries  on  the 
slip.  When  the  man  completes  this  operation  he  again 
reports  to  the  time  clerk,  who  stamps  the  previous  oper- 
ation completed  and  rings  the  man  in  on  the  next  opera- 
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Fig.    13 — Special   Time-Record   Slips,   Printed   in   Quadruplicate, 

Are  Used  To  Keep  Track   of  the  Time   Spent  on  a  Particular 

Operation 

tion.  The  time  clerk  then  computes  the  elapsed  time 
for  the  completed  operation  and  notes  it  on  the  time 
slip. 

In  the  case  of  a  contract-labor  operation,  he  inserts 
the  amount  to  be  paid  the  man  in  the  column  headed 
"operation  price."  If  the  particular  operation  is  one 
based  on  straight  time,  he  multiplies  the  elapsed  time 
by  the  workman's  straight-time  rate  and  inserts  the 
figure  under  the  heading,  "straight-time  hours."  As 
each  operation  is  completed,  the  perforated  copies  are 
detached;  one  is  sent  to  the  accountant,  who  enters  the 
charge  on  the  repair-job  order,  and  the  other  is  sent  to 
the  shop  foreman  or  service  manager,  who  can  thus  fol- 
low the  progress  of  the  work.  It  also  enables  the  fore- 
man or  service  manager  to  check  quickly  any  time  taken 
on  a  flat-rate  operation  that  varies  greatly  from  the 
established  average.  In  case  of  such  extreme  variation, 
an  immediate  investigation  is  instituted  to  ascertain 
whether  the  work  has  been  done  properly  or  why  the 
man  has  required  so  much  time  on  that  particular  job. 
The  third  copy  of  the  time  slip  is  sent  to  the  payroll- 
clerk  at  the  end  of  each  day,  who  tabulates  the  amount 
due  each  man.     The  fourth  copy  is  given  the  individual 


mechanic,  so  that  he  can  check-up  the  amount  due  him 
in  case  there  is  anything  wrong. 

In  the  event  of  some  condition  arising  over  which  the 
mechanic  has  no  control,  whereby  a  job  cannot  be  per- 
formed in  the  allotted  time,  it  is  the  duty  of  the  fore- 
man or  service  manager  to  make  a  thorough  investiga- 
tion ;  and,  if  he  deems  it  advisable,  the  mechanic  can  be 
transferred  to  straight  time  for  the  particular  job.  For 
example,  if  an  owner's  car  is  brought  in  to  have  the 
valves  ground,  and  if  the  mechanic  should  strip  one  of 
the  studs  when  tightening  down  the  cylinder-head  in 
assembling,  while  using  the  proper  tools,  he  should  not 
be  held  responsible;  in  this  event,  his  day-rate  time 
should  be  allowed  him  in  making  the  necessary  repairs. 
On  the  other  hand,  if  the  car  came  into  the  shop  for 
valve-grinding  and  it  was  found  that  it  was  necessary  to 
install  new  valves  and  make  repairs  to  the  cylinder  valve- 
seats  other  than  ordinary  reaming,  it  would  then  be 
necessary  to  ask  the  owner  for  his  permission  to  make 
an  additional  order  covering  this  operation.  When  a 
mechanic  is  working  on  straight  time,  he  is  paid  his 
regular  hourly-rate  as  recorded  on  the  payroll.  Not  all 
the  mechanics  in  the  shop  receive  the  same  hourly-rate 
but,  when  doing  contract  work,  they  all  receive  the  same 
amount  of  money  for  the  same  job. 

All  operations  on  which  a  contract  has  been  made  and 
a  price  allowed  for  doing  the  work  are  posted  in  the  shop; 
so,  when  a  mechanic  is  assigned  to  a  particular  job  he 
can  tell  instantly  exactly  how  much  money  he  will  re- 
ceive for  the  work  by  referring  to  the  bulletin-board. 
On  the  same  bulletin-board  are  also  listed,  in  red,  the 
jobs  on  which  a  minimum  time  has  been  established, 
and  the  mechanic  must  not  perform  the  work  in  less 
time  than  this,  because  experience  has  proved  that  to  do 
so  only  means  the  slighting  of  the  work  and  the  possi- 
bility of  having  to  do  it  again.  There  are  but  few  of 
these  jobs,  however;  they  consist  of  those  cases  in  which 
inspection  after  the  job  is  done  is  difficult  or  impossible. 
At  this  point  it  is  well  to  note  that,  with  the  exception 
of  the  minimum  time  mentioned,  the  workman  views  the 
various  operations  strictly  from  a  dollars-and-cents  point 
of  view.  He  knows  from  the  lists  how  much  money  he 
is  to  be  paid  for  each  operation  and  proceeds  to  earn 
that  money  with  as  little  delay  as  possible.  The  actual 
time  allowed  for  each  operation  is  not  listed  in  the  shop, 
nor  is  it  discussed  with  the  men.  The  master  list  is 
filed  in  the  service-manager's  office. 

The  service-salesman  must  be  thoroughly  familiar 
with  the  mechanical  structure  of  the  car,  and  also  with 
the  work  apt  to  be  required  on  it.  He  must  also  familiar- 
ize himself  with  the  operations  that  have  been  listed  and 
written  out  in  detail.  For  this  reason  he  is  furnished 
with  a  complete  set  of  the  operation  sheets  arranged  in 
order,  in  loose-leaf  binders.  For  ordinary  use,  while  he 
is  writing-up  orders,  he  is  provided  also  with  a  loose- 
leaf  binder  containing  only  a  complete  set  of  the  index 
sheets  to  the  operation  sheets.  He  has  in  addition  a  small 
loose-leaf  notebook  which  contains  a  complete  list  of  the 
operation  numbers  and  the  customer's  price  for  each.  A 
typical  sheet  from  the  notebook  is  shown  in  Fig.  8. 

Price  Revision 

The  time  required  for  all  contract  operations  is  recorded 
each  day  on  summary  sheets,  a  sample  of  which  is  shown 
in  Fig.  14.  About  once  a  month  the  average  time  for 
each  operation  is  checked-up.  If  the  time  has  changed 
materially  from  that  on  which  the  contract  rate  is  based, 
the  service  manager  and  the  statistician  discuss  the  situ- 
ation with  me  and  a  decision  is  made  regarding  changes 
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in  the  contract  price  to  the  customer  and  also  in  the 
piece-work  rate  to  the  mechanic.  If  it  is  found  that 
work  can  be  performed  in  much  less  time  than  that  on 
which  the  contract  rate  is  based,  it  is  to  the  advantage 
of  the  house  to  reduce  prices,  although  we  bear  in  mind 
that  it  is  unwise  to  cut  the  mechanic's  time  so  low  that 
he  cannot  earn  more  money  doing  contract  work  than 
he  can  at  his  established  day-rate.  He  must  have  the 
incentive  to  do  good  work  in  the  proper  time,  and  this 
can  only  consist  of  increased  earnings. 

Our  experience  has  shown  that  the  men's  average  earn- 
ings have  increased  from  about  65  cents  per  hr.  under  the 
old  straight-time  methods  to  about  81  cents  per  hr.  on 
the  piece-work  plan.  At  the  same  time,  the  output  per 
man  has  been  increased  about  40  per  cent.  When  rate 
revision  was  last  considered,  it  was  found  that  there 
were  five  operations  on  which  the  rates  should  be  low- 
ered, and  the  same  number  on  which  the  rates  needed 
to  be  increased.  These  changes  met  with  no  opposition 
from  the  men  in  the  shop,  as  they  appreciate  that  these 
revisions  are  all  fair  to  them.  This  is  indicated  by  the 
above  statement  in  regard  to  the  last  rate-changes. 

Control  Chart 

To  obtain  the  best  results  from  the  flat-rate  and  piece- 
work system,  we  found  it  desirable  to  employ  a  control 
sheet  so  as  to  picture  clearly,  for  the  service  manager, 
the  results  being  obtained.  Among  other  items  which 
are  tabulated  daily  are  the 

(1)  Number  of  repair-jobs  completed 

(2)  Number  of  operations  performed 

(3)  Number    of    repair    orders    performed     in    each 
hourly  time-group 

( 4 )  Average  number  of  hours  per  repair-order 

(5)  Total  amount  collected  for  repair  work 

(6)  Average  amount  collected  per  repair-order 

(7)  Total  house-charges  on  repair-orders 

(8)  Number  of  hours  on  contract  work 
(9r  Number  of  straight-time  hours 

(10)  Ratio  of  straight  time  to  contract  time 

(11)  Ratio  of  productive  to  non-productive  labor 

(12)  Time  spent  on  guarantee  or  policy  work 

It  is  not  absolutely  necessary  that  this  control  chart 
be  used,  but  some  of  the  small  points  that  require  cor- 
rection are  apt  to  be  passed  unnoticed  if  some  such  chart 
is  not  used.  For  instance,  any  repair-order  put  into  the 
shop  on  which  less  than  2  hr.  of  work  is  specified  is  a 
losing  proposition,  due  to  the  amount  of  overhead  that 
must  be  charged  against  each  repair-order.  It  is  un- 
avoidable that  some  small  orders  go  into  the  shop,  but 
the  service-salesman  should  be  coached  to  endeavor  to 
sell  additional  work  to  those  owners  who  come  in  only 
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Fig.    14 — Summary  Sheet  on  Which   the  Time  Required  for  All 
Contract  Operations  Is  Recorded 

for  one  or  two  small  jobs.  If  the  number  of  short-time 
jobs  could  be  decreased  greatly  it  would  be  possible  to 
reduce  contract-rate  charges  materially  on  the  jobs  that 
run  to  more  than  2  hr.  of  time. 

Limitations  of  the  Flat-Rate  and  Piece-Work  System 

The  combined  flat-rate  and  piece-work  system  can  be 
used  satisfactorily  only  in  those  shops  that  are  large 
enough  to  warrant  the  installation  of  a  timekeeper  and  a 
suitable  accurate  time-clock.  If  the  number  of  men  em- 
ployed or  the  varying  volume  of  repair  work  does  not 
warrant  the  employment  of  a  timekeeper,  it  is  useless  to 
attempt  to  put  in  piece-work.  Regardless  of  the  size  of 
the  shop,  the  flat-rate  system  of  charges  to  the  owner 
should  be  adopted.  At  the  present  time,  owners  will 
never  be  satisfied  until  they  know  in  advance  what  the 
labor  on  their  car  is  going  to  cost  them.  A  service  man- 
ager who  makes  a  note  of  the  owners'  requirements  on 
the  back  of  an  old  envelope  is  probably  a  good  scout,  and 
he  intends  to  be  perfectly  fair,  but  his  assurance  to  the 
owner  that  "the  charges  will  be  all  right"  is  far  from 
satisfactory  to  the  owner.  To  illustrate  now  the  same 
repair-order  can  be  used  to  advantage  in  a  small  shop, 
the  chart  shown  in  Fig.  15  has  been  prepared.  This 
shows  the  number  of  non-productive  men  very  consider- 
ably reduced,  although  the  same  procedure  is  followed  as 
in  the  large  shop. 

Guarantee  or  Policy  Work 

The  new  car-guarantee  used  by  the  builder  of  the  car 
I  represent  is  the  same  as  that  used  by  practically  all 
other  motor-car  companies.  In  a  brief  general  way  we 
interpret  this  to  mean  that  we  will  make  right  for  the 
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owner  anything  that  is  defective  about  the  car  for  which 
the  factory  or  our  company  is  responsible.  This  guar- 
antee applies  for  a  period  of  90  days  to  the  original  pur- 
chaser of  any  new  car  sold  at  retail  by  our  company. 

To  enable  the  service-salesman  to  pass  intelligently  on 
claims  for  policy  work,  he  is  provided  with  a  list  of  pur- 
chasers of  new  cars.  This  list  is  kept  in  the  form  of  a 
visible  tube-index,  each  line  giving  one  car-number,  the 
owner's  name  and  the  date  of  purchase.  This  is  kept 
uptodate ;  the  names  of  owners  whose  cars  are  more  than 
4  months  old  are  removed  periodically.  Policy  work 
without  charge  to  the  owner  is  not  confined  strictly  to  the 
90-day  period,  as  cases  sometimes  arise  where  the  owner 
is  clearly  entitled  to  relief  even  though  the  car  is  con- 
siderably beyond  the  90-day  period.  Such  cases  are 
usually  passed  on  by  the  service-salesman  if  no  great 
expense  is  involved.  Where  the  justice  of  the  owner's 
claim  is  debatable,  the  service  manager  is  asked  to  handle 
the  matter. 

Parts  Department 

The  equipping  and  handling  of  the  parts  department 
has  required  intensive  study  along  the  several  lines  of 

(1)  Storage  of  parts 

(2)  Parts  records 

(3)  Purchasing 

(4)  Shipments 

(5)  Deliveries 

The  fundamental  rule  adopted  in  regard  to  the  storage 
of  parts  is  to  have  a  specific  location  for  each  different 
part  and,  under  no  conditions,  to  have  more  than  one  kind 
of  part  in  a  given  location.  The  equipment  used  to  secure 
this  result  consists  of  stock-bins  of  various  sizes,  steel 
cabinets  each  containing  60  steel  drawers,  racks  for  such 
articles  as  fenders,  bumpers  and  springs,  and  shelves  for 
certain  miscellaneous  articles.  The  stock-bins  are  made 
in  sections  and  constructed  of  wood  with  ^-in.-mesh 
wire-screen  for  the  back.  The  sections  are  from  5  to  6  ft. 
long  and  about  3  ft.  high;  the  depth  varies  from  12  to 
16  in.  These  sectional  bins  are  arranged  in  groups  of 
12 ;  4  of  the  16-in.  sections  form  the  base,  there  are  two 
layers  of  four  12-in.  sections  each  on  top  of  this  base, 
the  upper  layer  consisting  of  bins  6-in.  wide  for  smaller 
parts.  Each  section  of  these  bins  is  given  an  identifying 
letter,  and  a  standard  numbering-system  for  locating  the 
bins  in  each  section  has  been  adopted.  Each  bin  carries 
on  its  face  a  card  showing  the  part-number  of  the  piece 
in  that  particular  bin.  Wooden  bins  were  adopted  be- 
cause, 3  years  ago,  the  modern  steel  bins  were  still  in  the 
development  stage.  If  new  equipment  were  being  pur- 
chased at  present,  it  is  probable  that  the  steel  bin  would 
be  the  better,  although,  in  case  it  is  necessary  to  shift 
the  locations  of  bins,  the  sectional  wooden  construction 
has  a  decided  advantage. 

The  steel  cabinets,  each  carrying  60  drawers,  are  ideal 
for  the  storage  of  small  parts.  Each  drawer  can  be  sub- 
divided into  from  two  to  eight  sections ;  so,  a  great  quan- 
tity of  parts  can  be  carried  in  a  relatively  small  space. 
At  present,  we  have  seven  of  these  steel  cabinets;  they 
have  an  average  of  four  divisions  to  each  drawer  and  can 
store  a  total  number  of  parts  approximating  1700  in  a 
floor-space  of  about  21  sq.  ft.  This  group  of  steel  cabi- 
nets has  an  identifying  symbol  and  the  drawers  are  num- 
bered consecutively  in  each  row.  The  top  row  starts  with 
the  number  100;  the  second  row,  with  200;  and  so  on  to 
1500  for  the  bottom  row.  The  part-number  applying  to 
the  material  in  each  section  of  each  drawer  is  printed  on 
a  white  card  which  is  glued  to  the  partition  or  the  back 
of  the  drawer  as  required. 


The  gasket  boards  on  which  gaskets,  switch  keys, 
shims  and  similar  small  parts  are  mounted,  are  made  of 
1%,-in.  tongue-and-groove  lumber,  faced  with  beaver- 
board,  which  is  painted  black.  Cornice  hooks,  ranging 
in  length  from  2  to  7  in.,  depending  upon  the  size  and 
number  of  the  articles  to  be  supported,  are  screwed  into 
this  board.  The  racks  were  designed  in  each  instance  to 
suit  the  particular  material  to  be  stored.  The  racks  for 
springs,  bumpers,  axle  shafts  and  similar  parts,  each  con- 
sist of  two  4  x  4-in.  timbers,  set  on-end  and  bolted  solidly 
to  the  wall.  Pieces  of  %-in.  steel-rod  are  imbedded  in 
pairs,  in  these  4  x  4-in.  timbers  at  intervals  of  from  4  to 
10  in.,  the  length  of  the  pins  projecting  from  the  timbers 
varying  from  6  to  12  in. 

The  fender  racks  consist  of  a  frame  work  of  2  x  4-in. 
lumber  supporting  narrow  wooden  shelves  on  which  the 
ends  of  the  fenders  can  rest.  The  fenders  are  carried  in 
the  same  position  as  that  in  which  they  are  mounted  on 
the  car,  each  adjacent  pair  of  racks  carrying  correspond- 
ing right  and  left  fenders,  the  left-hand  rack  in  each  case 
carrying  the  left-hand  fender.  This  permits  the  fenders 
to  be  nested  one  above  the  other  with  very  little  waste 
space,  and  practically  eliminates  any  scratching  of  the 
enamel. 

Special  racks  for  carrying  valves,  piston-rings  and 
similar  parts,  have  been  made  as  required.  The  piston- 
ring  rack,  for  instance,  consists  of  a  heavy  wooden  sup- 
port, on  which  are  mounted  cylindrical  wooden  blocks  of 
such  a  size  that  the  piston-rings  just  slip  over  them. 
Provision  is  made  at  one  side  of  this  rack  for  carrying 
the  standard  and  over-size  inspection  gages.  Every 
piston-ring  is  checked  with  these  gages  before  it  is  sold 
or  delivered  to  the  shop,  to  eliminate  any  chance  of  the 
wrong  size  of  ring  being  delivered. 

The  location  of  the  bins,  cabinets  and  the  like  has  been 
studied  with  a  view  to  saving  steps  for  the  men  in  the 
parts  department  as  much  as  possible.  Those  parts  for 
which  there  is  the  greatest  call  are  located  within  a  few 
feet  of  the  sales-counter.  This  study  has  resulted  in 
eliminating  the  services  of  one  stock-clerk  entirely. 

Parts  Records 

A  parts  department  of  any  size  involves  the  keeping 
of  stock  records  which  show  stock  on  order,  stock  on 
hand,  sales  and  the  like.  In  other  words,  the  records 
form  a  perpetual-inventory  system. 

We  struggled  with  the  ordinary  vertical  card-file,  thor- 
oughly indexed,  for  2  years.  We  found  that  cards  were 
occasionally  misfiled,  resulting  in  great  delay  and  con- 
fusion; also,  that  the  cards  themselves  became  crushed 
and  dirty  along  the  upper  edge.  To  overcome  these  condi- 
tions, we  installed  a  loose-leaf  stock-record  system  about 
a  year  ago,  each  sheet  being  approximately  12  in.  wide 
and  6  in.  high.  These  sheets  are  carried  in  special  ring- 
binders  which  are  about  13  in.  wide  and  16  in.  long.  The 
sheets  are  arranged  in  these  binders  in  groups  of  15  to 
20,  in  such  a  manner  that  the  lower  %  in.  of  each  sheet 
is  exposed.  On  this  lower  section  of  each  sheet  appear 
the  part  name  and  the  part  number.  In  front  of  each 
group  of  sheets  there  is  an  index  sheet  with  a  tab  on  the 
right-hand  side,  which  carries  the  part  number  of  the 
upper  sheet  in  the  group.  These  binders  are  each  about 
4  in.  thick  and,  as  they  are  rather  heavy,  are  handled  in 
a  special  desk  provided  with  rollers  so  that  they  can  be 
moved  toward  or  away  from  the  clerk  with  practically 
no  effort.  This  system  enables  the  record  sheet  for  any 
given  part  to  be  located  almost  instantly,  and  entirely 
eliminates  the  chance  of  a  sheet  being  lost  or  misfiled, 
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as  the  sheets  remain  permanently  in  place  in  the  binders 
while  all  posting  is  being  done. 

To  facilitate  the  locating  of  parts  when  the  part- 
numbers  are  known,  a  tubular  visible-index  system  has 
been  installed.  This  consists  of  a  rotary  stand  on  which 
are  mounted  about  a  dozen,  two-column,  double-faced, 
panels,  carrying  about  90  celluloid  tubes  to  each  column. 
In  each  tube  is  inserted  a  typewritten  slip  carrying  a 
part-number  and  its  corresponding  location.  These  part- 
numbers  are,  of  course,  arranged  in  numerical  order. 
Indexing  is  accomplished  by  using  celluloid  tubes  of  twice 
the  usual  width,  in  which  green  or  other  colored  slips 
with  large  figures  are  inserted.  This  index  is  readily 
kept  uptodate,  easily  accessible  and  avoids  the  constant 
handling  of  stock-record  cards  required  when  the  cards 
must  be  consulted  to  determine  locations. 

Purchasing 

The  purchasing  of  parts  from  the  factory  is  based 
generally  on  the  maintenance  of  stock,  between  certain 
minimum  and  maximum  limits.  We  intend  to  have  on 
hand  any  part  for  which  there  has  been  a  single  call  in 
the  last  6  months  and,  at  the  same  time,  we  do  not  wish 
to  have  more  money  invested  in  the  parts  than  is  neces- 
sary. In  accomplishing  the  above  results,  the  minimum 
has  been  established  at  1  month's  supply,  this  figure 
being  the  average  of  the  disbursements  for  the  preceding 
3  months.  The  maximum  is  established  at  IV2  times  the 
minimum.  Working  to  these  figures  involves  the  check- 
ing of  the  minimum  for  each  part  at  the  first  of  each 
month.  It  also  involves  the  checking  of  the  stock  on  hand 
against  the  minimum  and  the  maximum,  by  the  stock- 
record  clerk,  each  time  an  entry  is  made  in  the  stock- 
record.  If  the  quantity  on  hand  is  too  high  or  too  low 
on  any  part,  a  report  is  made  to  the  manager  of  the  parts 
department,  who  sees  that  the  necessary  purchase-order 
is  written  and  the  stock  secured. 

A  departure  is  made  from  the  minimum  or  maximum 
mentioned  when  it  is  advisable  in  the  judgment  of  the 
parts-department  manager.  For  example,  certain  parts 
are  sold  by  the  factory  in  standard  packages  of  25  or  50. 
It  is  much  better  to  buy  the  standard  package,  even 
though  the  quantity  runs  over  the  maximum,  as  it  simpli- 
fies the  handling  at  the  factory  and  does  not  result  in  a 
greatly  increased  investment.  Again,  there  is  a  season- 
able variation  in  the  call  for  certain  parts,  such  as  skid- 
chains.  The  big  demand  for  these  occurs  in  November 
and  December  and,  if  we  work  to  the  minimum  estab- 
lished on  the  basis  of  August,  September  and  October 
sales,  the  stock  would  be  entirely  inadequate.  On  the 
other  hand,  if  the  stock  of  skid-chains  in  February  were 
based  on  sales  in  November,  December  and  January,  it 
would  result  in  the  carrying  of  a  large  inventory  through 
the  summer  which  is,  of  course,  entirely  unwarranted. 
Another  factor  influencing  the  purchase  of  accessories  is 
the  variation  in  discount  with  the  size  of  the  order. 
Careful  attention  and  extremely  good  judgment  are  re- 
quired in  purchasing  such  material,  if  excess  stock  and 
possible  loss,  due  to  price  changes,  are  to  be  avoided. ' 

Shipments  and  Deliveries 

Shipments  of  parts  to  dealers  or  other  out-of-town  pur- 
chasers are  made  ordinarily  the  same  day  on  which  the 
order  is  received,  or  at  least  on  the  following  day.  Spe- 
cial attention  is  given  to  telegraphic  orders  immediately 
upon  their  receipt.  Large  articles,  such  as  fenders  and 
radiators,  are  carried  crated,  ready  for  shipment,  thus 
avoiding  the  delay  incident  to  crating  and  packing. 


The  parts  department  is  located  on  the  first  floor,  and 
the  shop  is  on  the  floor  immediately  overhead.  A  basket 
parcel-carrier,  such  as  is  used  in  shoe  stores,  was  in- 
stalled. By  means  of  this  requisitions,  time-slips  and 
the  like  are  sent  from  the  shop  to  the  parts  department, 
and  any  parts  weighing  not  over  10  lb.  and  of  reasonable 
size  are  delivered  automatically  to  the  shop  without  re- 
quiring a  mechanic  to  leave  his  work  and  without  requir- 
ing a  messenger.  Retail  purchasers  of  parts  are  served 
over  a  long  counter;  at  one  end  of  this  the  cashier's  desk 
is  located.     The  parts-department  organization  has  been 


o 

We  are  trying  to  give  Ilupniobile  owners 
the  best  possible  service. 
If  we  have  failed  to  satisfy  you,  please 
get  in  touch  with  us  personally  or  fill  out 
and  mail  the  attached  card. 

WILLIAMS  &  HASTINGS,  INC. 

R.  C.  RENOLDE, 

(Over)  Service  Manager 


R.    J.    O. 


Was  the  work  properly  done?. 

(If  not,  explain  below) 

Were  our  men  courteous  ? 


If  not,  please  give  name  of  employee  if  possiblt 


Remarks-Criticisms-Suggestions 


Please  sign  name  _ 


Fig.  16 — This  Tag  Attached  to  the  Steering- 
Wheel  of  Each   Car   That  Leaves   the  Shop 
Provides   a    Means   for   Following-Up    Repair 
Work 

taught  that  promptness,  courtesy  and  cleanliness  are  just 
as  essential  in  the  parts  department  as  they  are  in  the 
shop  or  service-department  proper.  The  result  is  that 
the  personnel  is  up  on  its  toes,  striving  to  satisfy  the 
customers  at  all  times. 

Follow-Up  on  Repair-Jobs 

Various  methods  have  been  tried  for  following-up 
repair-work,  to  make  sure  that  the  owner  is  satisfied. 
The  reply  postal-card,  mailed  a  day  or  two  after  the 
owner  has  taken  his  car,  was  tried  for  several  months 
but  did  not  prove  very  satisfactory.  We  next  attempted 
to  have  the  service-salesman  telephone  each  car-owner  a 
day  or  two  after  he  had  driven  away.  This  proved  im- 
practicable, as  frequently  three  or  four  telephone  calls 
would  fail  to  reach  the  owner.  It  was  likewise  expensive, 
in   both   telephone   bills   and  the   time   required   of   the 
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service-salesmen.  At  present,  the  form  shown  in  Fig.  16 
is  used.  This  is  printed  on  fairly  heavy  tag-stock,  and 
has  a  wire  for  attaching  it  to  the  steering-wheel.  The 
repair  order-number  is  filled-in  by  the  inspector  when  he 
approves  the  work;  and  the  tag  is  attached  to  the  car. 
The  tag  is  perforated  so  that  the  larger  portion,  when 
detached,  constitutes  a  postal-card.  Each  one  of  these 
carries  a  1-cent  stamp;  so,  all  the  owner  has  to  do  is  to 
fill-in  and  sign  the  card  and  drop  it  into  a  mail-box. 

In  the  effort  to  give  the  personal  touch  to  this  follow- 
up,  the  cards  are  addressed  to  our  service  manager,  and 
all  of  them  are  scrutinized  by  him  when  received.  If  the 
owner  reports  anything  unsatisfactory,  an  immediate 
investigation  is  made.  The  owner  is  asked  to  bring  his 
car  in  again  as  soon  as  possible  if  the  dissatisfaction 
concerns  some  mechanical  feature.  The  fact  that  the 
card  is  called  prominently  to  his  attention  when  he  takes 
his  car  away  impresses  him  with  our  earnestness  in  try- 
ing to  give  the  best  possible  service,  and  results  in  get- 
ting a  greater  percentage  of  replies  than  other  methods. 

Cleanliness 

The  one  thing  that  can  build-up  in  an  owner's  mind, 
more  quickly  than  anything  else,  a  prejudice  against  a 
service-station,  is  to  have  his  car  delivered  to  him  in  a 
dirty  or  greasy  condition.  Imagine  a  lady  who  wears 
white  gloves  driving  her  car  away  from  a  service-station 
and  finding,  after  a  block  or  two,  that  her  gloves  are 
covered  with  grease.  Or,  suppose  this  same  lady  has  on 
a  white  summer  dress  and,  on  getting  out  of  her  car, 
finds  that  the  back  of  it  is  anything  but  presentable.  No 
matter  how  good  the  mechanical  work  may  have  been  or 
how  courteous  the  men,  you  immediately  have  a  dissatis- 
fied customer. 

We  have  taken  extreme  measures  in  endeavoring  to 
deliver  cars  that  are  satisfactory  in  this  respect.  Me- 
chanics are  required  to  wear  clean  overalls.  To  assist 
in  enforcing  this  regulation,  our  company  stands  the  ex- 
pense of  washing  all  mechanics'  overalls  or  shop  coats. 
We  also  buy  these  garments  in  fairly  large  quantities 
and  sell  them  to  the  men  at  cost.  To  protect  the  more  or 
less  delicate  upholstery  in  closed  cars,  the  men  are  re- 
quired to  cover  the  seats  with  clean  cloths  before  entering 
a  closed  car.  After  a  car  is  marked  O.K.  for  delivery  to 
the  customer,  it  is  inspected  both  inside  and  out,  and  any 
necessary  cleaning  is  done.  Particular  attention  is  paid 
to  the  upholstery,  the  steering-wheel  and  the  handles  of 
all  control  levers.  This  work  requires  the  services  of  at 
least  one  additional  man,  and  at  times  two  men,  depend- 
ing upon  the  volume  of  work  going  through  the  shop. 
We  believe  this  expense  is  well  justified;   in  fact,  that 


this  service  must  be   rendered  if  satisfactory   relations 
with  customers  are  to  be  maintained. 

General  Results 

After  having  used  the  flat-rate  system  for  something 
over  1  year  and  the  piece-work  system  for  about  6  months, 
we  are  thoroughly  sold  on  both.  If  we  were  to  organize 
a  new  service-station  today,  we  would  immediately  con- 
centrate on  obtaining  the  necessary  data  to  install  both 
of  these  systems.  In  fact,  we  would  guess  as  closely  as 
possible  at  the  probable  time-requirement  of  each  oper- 
ation and  figure  the  corresponding  charges  to  customers 
and  the  piece-work  rates  to  the  men,  putting  this  system 
into  operation  at  once  and  making  any  necessary  adjust- 
ments as  rapidly  as  possible  in  the  light  of  experience. 

As  mentioned,  the  production  per  man  has  been  in- 
creased about  40  per  cent  and  the  men's,  earnings  have 
increased  about  25  per  cent.  This  40-per  cent  increase 
in  production  covers  the  total  production  in  the  shop, 
regardless  of  whether  it  is  on  a  piece-work  or  a  straight- 
time  basis.  Of  the  total  shop-time  recently,  between  50 
and  60  per  cent  has  been  on  the  piece-work  basis.  We 
estimate  that  if  we  reach  a  basis  of  75  per  cent  piece- 
work and  25  per  cent  straight-time,  we  will  have  attained 
the  maximum. 

If  the  operations  now  done  on  piece-work  are  con- 
sidered alone,  the  production  per  man  has  increased  very 
much  more  than  40  per  cent.  As  an  example  of  the  de- 
crease in  the  time  on  a  given  operation,  we  might  men- 
tion the  installation  of  bumpers.  When  this  was  done 
on  straight  time,  the  average  cost  to  us  in  direct  wages 
to  the  man  was  about  $0.85.  The  piece-work  rate  for 
this  same  bumper-installation  at  present  is  $0.30.  This 
is  only  slightly  over  one-third  of  the  former  charge,  and 
yet  the  men  are  making  more  money  per  day. 

We  have  always  taken  the  attitude  that  we  have  no 
secrets  in  our  business.  Anything  that  we  can  tell  to  a 
competitor  that  will  be  of  assistance  to  him  in  raising  the 
plane  on  which  his  business  is  conducted  will,  in  the  long 
run,  be  of  assistance  to  us  through  helping  to  change  the 
mental  picture  carried  by  the  average  car-owner.  Our 
service  organization  has  spent  many  days  in  explaining 
to  representatives  of  other  factories  and  other  dealers 
how  and  why  we  do  various  things.  We  expect  to  con- 
tinue this  policy  and  are  always  glad  to  have  anyone 
seriously  interested  in  these  problems  call  on  us  and 
spend  as  much  time  with  us  as  he  wishes.  We  have  had 
many  requests  for  information  by  mail,  but  have  dis- 
couraged this  as  much  as  possible.  It  is  very  difficult  to 
give  a  picture  in  writing  of  any  one  phase  of  the  service 
problem,  as  they  are  all  so  intimately  related. 
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Chicago  Service  Meeting  Paper 


STATING  that  the  kind  of  service  cooperation  needed 
between  the  manufacturer  and  the  men  in  the  field 
is  the  type  that  assists  and  encourages  as  well  as  super- 
vises and  dictates,  the  author  comments  briefly  on 
varied  phases  of  the  subject.  Among  these  are  the  im- 
portance of  familiarity  with  conditions  in  the  field,  the 
type  of  factory  field-representative  desirable  and  the 
necessity  of  keeping  him  posted  on  all  changes  in  de- 
sign and  adjustment. 

Stock-department  supervision  is  an  important  factor, 
as  a  check  against  over-stocking  by  dealers,  and  the 
advantages  of  standardization  and  interchangeability 
of  parts  are  re-stated.  Great  emphasis  is  placed  upon 
the  desirability  of  rigid  final  car-inspections  and  ac- 
curate adjustments  at  the  factory,  before  the  cars  are 
delivered  to  the  dealers.  The  holding  of  periodic 
service-meetings  is  mentioned  as  an  essential  part  of 
the  duties  of  the  factory  service-department. 

I  DO  not  agree  with  those  service-men  who,  in  effect, 
would  say  to  a  manufacturer:  Leave  us  alone,  we 
have  troubles  enough.  The  manufacturer  can  be  of 
real  assistance  to  the  dealer  in  regard  to  service  prob- 
lems; he  certainly  should  be  interested  just  as  much  in 
seeing  that  the  proper  service  is  being  given  as  he  is  in 
the  sales  problem,  since  one  is  inseparably  tied-up  with 
the  other.  The  kind  of  service  cooperation  needed  be- 
tween the  factory  and  the  men  in  the  field  is  the  kind 
that  assists  and  encourages  as  well  as  supervises  and 
dictates.  Too  often  the  best  results 'are  prevented  and 
progress  blocked  by  a  factory  policy  of  stern  dictation 
or,  worse  still,  the  having  of  no  definite  service  policy  or 
standards.  A  definite  policy  should  be  established  by 
the  manufacturer,  that  is  understood  and  lived  up  to  by 
the  dealer. 

There  are  service  problems  peculiar  to  trie  size  of  the 
dealer's  organization  and  territory  just  as  there  are  sales 
problems.  Again,  there  are  problems  common  to  all  and 
only  an  open-minded  and  intelligent  factory  service- 
department  can  give  the  constructive  cooperation  needed 
to  accomplish  definite  and  satisfactory  results.  The  fac- 
tory service-organization  should  be  striving  constantly 
for  better  service  to  the  car-owner,  and  there  are  definite 
ways  in  which  the  service-men  in  the  field  can  be  assisted 
and  service  to  the  customer  improved. 

Field  Conditions 

To  accomplish  anything  worthwhile  the  factory  must 
be  familiar  with  the  conditions  in  the  field.  Such  knowl- 
edge can  be  obtained  only  at  first  hand ;  that  is,  by  per- 
sonal contact  with  the  service-man  and  an  appreciation 
of  his  problems.  This  means  that  factory  representa- 
tives must  travel  over  the  territory.  The  first  essential 
to  their  success  is  that  these  men  have  the  right  per- 
sonality to  size-up  those  with  whom  they  come  in  contact 
and  know  how  to  deal  with  them.  This  is  work  that  re- 
quires patience,  tact,  a  thorough  knowledge  not  only  of 
the   mechanical    features   of   the   particular  car   but   of 


1  General  manager  of  service  Packard  Motor  Car  Co.  of  Chicago. 
Chicago. 


service  problems  in  general,  proper  methods  of  stock- 
keeping,  layout,  organization  and  the  like,  together  with 
the  ability  to  apply  such  knowledge  to  conditions  as  they 
find  them.  Where  service  is  carried  on  through  large 
branches,  the  work  of  supervision  and  assistance  may  be 
divided  among  specialists,  but  the  representative  who 
covers  a  large  territory  comprising  many  dealers  needs 
to  be  a  very  versatile  individual  to  get  the  maximum  in 
results  and  accomplish  a  real  improvement  in  service. 
Such  men  should  have  a  training  made  up  of  both  field 
and  factory  experience. 

Suggestions  sent  to  the  factory  should  be  acknowl- 
edged promptly  and  considered  carefully.  The  engineer- 
ing department  especially  should  be  liberal  in  the  atten- 
tion given  to  such  suggestions  as  properly  may  be  made 
to  that  department.  Nothing  stifles  initiative  and  con- 
structive suggestions  so  surely  as  a  policy  of  dis- 
interestedness or  actual  antagonism  on  the  part  of  the 
manufacturer.  Out  of  many  suggestions  offered,  only- 
one  may  be  worthy  of  adoption ;  but  that  one  may  be  so 
good  as  to  make  worthwhile  the  time  and  trouble  of 
treating  all  the  others  in  such  a  way  as  to  encourage  the 
interest  and  the  loyalty  of  the  men  in  the  field.  Further, 
the  manufacturing  and  the  engineering  departments 
should  be  careful  to  keep  the  men  in  the  field  accurately 
posted  on  all  changes  in  design  or  adjustment,  and  some 
system  is  necessary  for  sending  out  such  information  in 
letters  or  bulletins.  The  dealer,  in  turn,  must  see  to  it 
that  this  information  reaches  all  those  in  his  organ- 
ization who  should  receive  it. 

The  dealer  and  the  manufacturer  will  benefit  from  a 
spirit  of  open-mindedness  and  mutual  assistance,  yet 
such  a  spirit  is  far  from  universal  today  between  factory 
and  dealer  organizations.  With  out  the  proper  spirit  of 
cooperation,  neither  the  manufacturer  nor  the  dealer  will 
make  the  most  of  the  opportunities  at  hand.  The  manu- 
facturer should  maintain  a  cost  department  containing 
accurate  data  on  parts  costs,  and  the  prices  of  parts 
should  be  stabilized  and  listed  in  parts-books  clearly  and 
intelligently  arranged.  Much  time  and  money  can  be 
saved  or  lost,  depending  on  whether  these  lists  are  con- 
structed properly. 

Stock-Department  Supervision 

Supervision  of  stock  departments  is  very  important. 
Improper  stock-keeping  methods  and  inefficient  stockmen 
are  a  prevalent  source  of  loss  and  a  great  handicap  in 
rendering  good  service.  The  stockroom  should  have  close 
attention  from  both  the  manufacturer  and  the  dealer.  It 
is  of  no  lasting  advantage  to  the  manufacturer  to  have 
a  dealer  who  loads  up  with  unnecessary  parts,  and  cer- 
tainly the  man  whose  money  is  in  the  business  does  not 
want  to  carry  a  heavy,  slow-moving  stock;  yet,  I  repeat, 
this  department  of  the  business  is  woefully  neglected, 
and  is  a  source  of  much  loss.  There  certainly  is  no  use 
in  expecting  an  efficient  and  profitable  parts-department 
so  long  as  the  management  and  responsibility  are  dele- 
gated to  an  inefficient  man  or  boy  at  low  wages. 

The  factory  stock-department  also  can  assist  the  dealer 
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greatly  by  arranging  to  dispose  of  obsolete  parts  that 
have  accumulated  through  no  fault  of  the  stock-keeper. 
The  factory  should  be  able  to  inform  the  dealer's  stock- 
man in  regard  to  the  necessary  parts  and  amount  of 
stock  to  carry,  with  reference  to  the  number  of  cars  of 
given  model  in  the  dealer's  service  territory.  Thus, 
again,  the  top-heavy  inventory  will  be  avoided  and,  at 
the  same  time,  the  necessary  variety  of  parts  for  proper 
service  will  be  in  the  stock-bins. 

Standardization  and  interchangeability  of  parts  are  of 
such  obvious  advantage  in  giving  good  service  and  in 
making  possible  a  smaller  parts-stock  as  scarcely  to  need 
any  urging  upon  the  manufacturer,  yet  many  an  ex- 
asperated service-man  will  say  that  his  life  would  be 
easier  and  the  service  better  if  much  greater  care  and 
attention  were  given  these  problems  by  the  engineering 
and  the  manufacturing  departments. 

Through  collaboration  with  the  service-stations,  definite 
standards  of  work  and  job  specifications,  together  with 
time-studies,  can  be  worked-out  at  the  factory  for  prac- 
tically all  shop  operations.  This  work  naturally  will  in- 
clude an  investigation  of  shop  methods,  the  designing  of 
special  time-saving  tools  and  the  like.  The  results  of  all 
this  will  be  the  standardizing  of  service  to  the  car- 
owners,  an  increase  in  shop  efficiency  and  a  correspond- 
ing lowering  of  costs ;  and  it  will  make  possible  the  estab- 
lishment of  flat  prices  for  service  work.  Nothing  is  more 
clearly  needed  in  the  automotive  industry  than  a  uni- 
versal custom  of  quoting  definite  prices  for  repairs.  It 
is  possible  to  accomplish  this,  and  it  must  become  a  fixed 
policy  in  the  service  methods  of  every  successful  dis- 
tributor. 

Factory  Car-Inspections 

Too  much  emphasis  cannot  be  given  to  the  matter  of 
final  inspections  and  adjustments  at  the  factory  before 
cars   are   delivered    into   the   dealers'   hands.     The   new 


owner's  first  impressions  are  often  the  lasting  ones,  in 
regard  to  the  car  and  to  the  company  back  of  it.  It 
should  not  be  necessary  or  expected  of  the  dealer  that  he 
spend  a  big  slice  of  his  profit  in  getting  cars  ready  to 
deliver  in  only  such  standard  condition  as  the  manufac- 
turer himself  would  want  to  have  his  cars  delivered  to 
owners. 

A  very  necessary  part  of  the  duties  of  the  factory 
service-department  is  the  periodic  holding  of  service 
meetings.  These  should  be  conducted  carefully  and  fol- 
low a  definite  program  of  an  instructive  and  constructive 
nature,  giving  plenty  of  opportunity  for  the  free  ex- 
change of  ideas  on  every  problem.  There  are  plenty  of 
problems  with  which  the  many-sided  service-man  is 
faced. 

It  is  not  to  be  inferred  from  these  remarks  that  the 
manufacturer  is  expected  to  assume  entire  responsibility 
for  the  quality  of  service  rendered  by  his  dealers,  nor 
is  it  even  faintly  suggested  that  the  service-man  is  with- 
out shortcomings  in  many  cases.  There  is  much  room 
for  improvement  in  service  everywhere,  and  not  nearly 
enough  attention  is  given  this  phase  of  the  sales  problem. 
Any  distributor  who  expects  lasting  success  has  a  per- 
verted sense  of  values  if,  after  selling  the  customer  in  a 
beautiful  and  often  luxurious  salesroom,  he  condemns 
him  and  the  car  to  an  inadequate,  poorly  organized 
service-system  for  all  the  rest  of  his  associations  with 
the  company. 

Fortunately,  there  are  encouraging  signs  of  a  proper 
appreciation  of  service  values;  as  shown  by  the  increas- 
ing number  of  splendid  plants  being  constructed  solely 
for  service  purposes  in  the  larger  centers  of  distribution. 
The  responsibility  for  good  service  is  a  mutual  one  of  the 
manufacturer  and  the  dealer  and,  for  their  lasting  suc- 
cess, it  means  the  closest  kind  of  cooperation  in  all  that 
pertains  to  improving  service  and  increasing  sales.  For, 
after  all,  the  two  problems  are  one. 


RESERVE  RESOURCES 


THE  strength  of  every  business  situation  is  in  reserve 
resources.  If  everybody  was  careful  to  have  ample  re- 
sources in  reserve  there  would  be  no  crises.  Our  Federal 
Reserve  System  was  planned  to  have  ample  reserve  resources, 
but  all  banks  came  out  of  the  war  period  very  much  ex- 
tended. They  did  not  have  the  resources  in  reserve  that  they 
were  planned  to  have,  and  that  with  a  proper  regard  for 
security  they  should  have.  The  Joint  Commission  of  Agricul- 
tural Inquiry  expresses  the  opinion  that  steps  should  have 
been  taken  to  check  inflation  earlier  than  was  done,  and  this 
opinion  I  am  bound  to  say  is  well  supported  in  the  judgment 
of  the  banking  community. 

If  I  wanted  to  state  in  the  fewest  possible  words  an  ex- 
planation of  the  agricultural  distress  of  the  last  two  years,  I 
should  put  it  in  three  words,  Too  much  borrowing.  The 
wholesome  fear  of  debt  that  was  prevalent  when  some  of  us 
were  young  has  been  largely  dissipated  by  the  rising  prices 
of  the  last  25  years.  Men  have  been  led  to  believe  that  the 
way  to  get  ahead  is  by  the  use  of  borrowed  money,  and  that 
the  smaller  the  margins  on  which  they  operate  the  more  rapid 
their  progress  will  be.  The  truth  is  that  the  number  of  men 
able  to  use  borrowed  money  advantageously  always  has  been 
comparatively  small. 

I  do  not  wish  to  be  understood  as  representing  farmers  as 
a  class  as  more  imprudent  or  reckless  than  other  people,  in- 
cluding business  men   generally.     They  had  plenty  of   good 


company,  both  in  borrowing-  and  in  losing.  They  did  just 
what  most  business  men  did ;  and  the  combined  effect  of  this 
general  policy  of  inflation  was  to  overdo  the  use  of  credit, 
create  an  abnormal  price-level  and  bring  about  a  disastrous 
reaction.  It  is  pertinent,  however,  to  point  out  at  this  time, 
when  relief  for  the  farmer  is  proposed  through  various  plans 
for  providing  him  with  more  credit,  that  the  chief  factor  in 
the  plight  in  which  he  is  now  struggling  has  been  too  much 
credit.  I  do  not  know  of  any  branch  of  agriculture  in  which 
at  this  time  production  is  deficient  for  the  want  of  credit. 
I  think  there  is  more  agitation  for  means  of  restricting  pro- 
duction than  for  means  of  increasing  it.  It  is  probable  that 
the  class  of  farmers  who  are  in  deepest  distress  now  would 
be  in  still  deeper  distress  if  prices  went  lower  as  a  result 
of  placing  increased  facilities  for  production  at  the  com- 
mand of  the  more  efficient  class  of  farmers.  It  has  been 
stated  in  a  leading  farm  journal  that 

In  spite  of  the  temporarily  bad  situation,  so  far  as 
the  average  Iowa  farmer  is  concerned,  there  are  thou- 
sands of  farmers,  who  own  their  own  farms  and  who 
saved  their  money  during  the  war,  who  are  better  off 
than  they  have  ever  been. 

The  class  of  farmer  referred  to  belongs  to  the  class  of  men 
in  every  line  of  business,  who  are  the  leaders  and  price- 
makers,  and  make  conditions  difficult  for  competitors. — 
George  E.  Roberts  before  Academy  of  Political  Science. 
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The  Connection  of  the  Research 
Committee  with  Fuel  Research 


By  II.  M.  Crane2 


I  SPEAK  about  the  connection  of  the  Research  Com- 
mittee with  fuel  research  in  particular  because, 
while  there  have  been  other  activities  of  the  Re- 
search Committee,  we  recognize  that  its  work  for  1922 
will  have  to  stand  or  fall  on  its  fuel  activities.  The 
Research  Committee  was  a  natural  successor  to  the 
former  Fuel  Committee  which  I  first  became  associated 
with  about  3  years  ago.  At  that  time  the  position  of  the 
automotive  industry  in  regard  to  fuel  was  very  much 
the  same  as  that  of  the  turkey  about  3  days  before 
Thanksgiving;  it  thought  the  axe  was  going  to  fall,  but 
it  did  not  know  just  when  or  where  it  would  hit,  in 
regard  to  the  kind  of  fuel  it  would  be  asked  to  use. 

It  was  plain  that  we  did  not  know  nearly  enough 
about  the  fuel  problem,  about  how  fuel  was  made  or 
how  it  could  be  or  should  be  made;  or,  from  our  own 
side  of  the  question,  how  it  could  best  be  used.  It 
seemed  to  me  then  and  to  the  other  members  of  the  Fuel 
Committee  that  the  obvious  thing  to  do  was  to  get  nearer 
to  the  technical  men  in  the  oil  industry,  for  one  thing, 
and  also  that  all  of  the  technical  men  in  our  own  in- 
dustry should  draw  more  closely  together  on  the  par- 
ticular question  of  design,  which  looked  at  that  time 
as  if  it  might  be  the  limiting  factor  in  the  possible  use 
of  automobiles.  There  seemed  to  be  an  opinion  then 
that  possibly  it  would  be  a  question  of  how  much  fuel 
we  could  get,  rather  than  of  how  many  people  we  could 
get  to  buy  cars.  Beginning  at  that  time,  we  made  a 
consistent  effort  to  come  closer  to  the  technical  people 
in  the  oil  industry  and  at  the  same  time,  I  thought  that 
it  would  be  a  good  thing  to  proclaim  a  little  more  loudly 
some  of  our  own  difficulties,  with  the  idea  that  this  could 
not  fail  to  help  in  improving  the  general  situation. 

I  will  pass  over  the  intervening  2  years  and  come  to 
a  point  about  1  year  ago.  We  had  made  a  very  surprising 
advance,  I  think,  at  that  time.  We  had  our  own  Re- 
search Committee,  while  the  petroleum  industry  had  or- 
ganized, in  the  American  Petroleum  Institute,  a  technical 
division  under  the  leadership  of  Dr.  Van  H.  Manning. 
We  were  in  such  close  harmony  that  it  became  possible 
to  proceed  with  a  joint  research  on  the  fuel  question. 
There  is  nothing  like  a  joint  research  of  this'  kind  to 
clarify  the  ideas  of  both  parties  to  the  research.  The 
actual  working  together  in  attempting  to  arrive  at  a 
just  conclusion  on  any  problem  goes  a  long  way  toward 
making  the  problem  itself  clearer,  and  toward  making 
it  more  certain  that  a  just  conclusion  will  be  obtained. 

Financial  Support  and  Program 

Less  than  a  year  ago  we  were  able  to  get  substantial 
support  from  the  National  Automobile  Chamber  of  Com- 
merce in  a  financial  way,  and  from  the  American  Petro- 
leum Institute,  for  a  joint  research  on  the  fuel  problem. 
There  was  practically  no  hesitation  in  the  minds  of 
either  your  Committee  or  that  of  the  American  Petro- 


1  Annual  report  of  the  Research  Committee. 
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3  See  The  Journal.  January,  1923.  p.  3. 


leum  Institute  in  putting  the  expenditure  of  the  first 
of  this  money  into  the  hands  of  the  Bureau  of  Stand- 
ards, since  the  Bureau  of  Standards  had,  through  W.  S. 
James,  presented  a  program  covering  a  method  of  in- 
vestigating the  use  of  automobile  fuel  in  a  number  of 
different  cars,  which  appeared  to  all  of  us  to  offer  pos- 
sibilities of  some  very  substantial  and  useful  informa- 
tion. 

The  first  test  under  this  joint  proceeding  was  car- 
ried out  in  the  summer  of  1922  by  the  Bureau  of  Stand- 
ards, and  a  report  of  the  results  is  already  in  your  hands. 
At  the  same  time  a  number  of  companies  in  the  Detroit 
district  and  in  other  places  offered  their  cooperation  in 
making  service  tests  on  fuel  similar  to  those  being  tested 
at  the  Bureau  of  Standards.  The  paper  presented  by 
V.  H.  Gottschalk3  is  a  result  of  those  tests.  As  can  be 
seen,  these  tests  covered  a  wide  range  of  cars  under  a 
very  considerable  range  of  operating  conditions,  it  be- 
ing understood,  however,  that  practically  all  of  them 
were  carried  out  in  summer  weather. 

It  has  seemed  to  me  that  there  are  two  phases  to  this 
problem.  One  of  these  is  in  relation  to  the  kind  of  fuel 
we  would  like  to  get,  if  we  can.  I  have  believed  from 
the  start  that  we  would  never  get  the  best  solution  of 
the  problem  from  an  economical  point  of  view,  until  we 
came  to  a  realization  of  the  best  fuel  for  the  purpose. 
From  an  economical  point  of  view,  however,  I  have 
recognized,  and  all  of  us  have  recognized,  that  it  probably 
is  impossible  to  get  anything  approaching  what  we  now 
consider  to  be  the  absolutely  best  fuel.  We  believe  that 
possibly  from  3  to  5  times  the  quantity  of  the  very  best 
fuel  is  available  in  the  form  of  a  fuel  which  differs  from 
the  very  best  in  such  a  small  amount  as  to  be  possibly 
unrecognizable  in  the  hands  of  many  drivers.  There- 
fore, the  second  phase  of  the  problem  involves  what  is 
the  biggest  departure  from  the  theoretically  best  fuel 
that  can  be  handled  successfully  in  the  present-day  auto- 
mobile. 

The  Bureau  of  Standards  tests  were  directed  along 
those  lines  by  taking  samples  of  cars  representing  some- 
thing like  75  per  cent  of  the  total  number  of  cars  in 
use  in  this  Country,  and  operating  them  under  supposedly 
service  conditions.  The  chief  difference  between  the 
Bureau  of  Standards'  tests  and  those  carried  out  by  the 
companies  lies,  I  think,  in  the  fact  that  the  companies' 
tests  represented  a  somewhat  more  advanced  product 
than  was  represented  in  the  Bureau  tests;  that  is,  many 
of  the  cars  used  by  the  companies  were  cars  of  uptodate 
design.  The  result  of  these  tests,  as  a  whole,  from  an 
economical  point  of  view,  was  certainly  satisfactory. 
It  indicated  that  in  warm  weather,  in  any  event,  purely 
from  a  mileage  point  of  view,  a  fuel  considerably  worse 
than  what  is  now  being  supplied  will  produce  mileage 
almost  in  proportion  to  the  quantity  consumed.  I  think 
that  a  careful  reading  of  the  report  of  the  company 
tests  will  indicate  that  the  satisfaction  with  the  heavier 
fuel  was  the  same  as  with  the  lighter,  but  we  have  al- 
ways sacrificed  something  to  be  able  to  use  cars  at  all, 


207 


Vol.   XII 


February,  1923 


No.  2 


208 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


and  we  shall  have  to  sacrifice  something  in  our  actual 
use  of  cars  to  allow  of  our  getting  the  fuel  to  use  them; 
there  is  no  question  about  that. 

To  check-up  on  the  result  of  the  tests  at  the  Bureau 
of  Standards,  a  friend  of  mine  ran  a  short  test  on  a  ear 
that  has  a  planetary  gearset  and  a  thermosyphon  water- 
circulation.  This  car  is  fitted  with  a  carbureter  present- 
ing about  as  good  metering  characteristics  as  are  pos- 
sible at  present.  It  was  first  tested  for  acceleration,  and 
then  for  road  mileage,  with  two  different  grades  of  fuel. 
These  two  different  grades  tested  60  and  69  deg.  Baume 
respectively,  one  of  them  being  the  standard  fuel  in 
the  district  and  the  other  a  higher-test  fuel  which  is 
also  on  sale  regularly  in  the  same  district. 

It  is  believed  that  both  these  figures  are  slightly  high; 
but  they  are  relative  because  the  same  hydrometer  was 
used  in  both  cases.  Two  tests  were  made  in  each  case, 
one  cold  and  one  hot.  With  the  heavier  fuel,  the  water 
temperature  was  87  deg.  cent.  (188.6  deg.  f  ahr. )  hot 
and  65  deg.  cent.  (149  deg.  fahr.)  cold,  and  with  the 
lighter  fuel  about  80  deg.  cent.  (176  deg.  fahr.)  hot  and 
55  deg.  cent.  (131  deg.  fahr.)  cold.  The  most  rapid  ac- 
celeration obtained  was  from  10  to  20  m.p.h.  in  6  sec. 
with  a  No.  4  setting  on  the  lighter  fuel  with  the  cold 
engine.  As  against  this,  the  time  for  the  fastest  ac- 
celeration with  the  heavier  fuel  was  7  sec,  but  it  was 
obtained  only  with  a  hot  engine,  and  with  a  setting 
1  deg.  richer  on  the  carbureter.  On  the  other  hand, 
with  the  hot  engine,  the  fastest  acceleration  with  the 
volatile  fuel  was  10  to  20  m.p.h.  in  6%  sec.  I  bring 
this  last  point  out  because  it  shows  pretty  clearly  the 
reason  why  many  of  these  service  tests  indicate  so 
little  difference  between  the  different  grades  of  fuel. 
We  do  not  take  advantage  in  the  service  tests  of  the 
ability  to  run  colder  with  the  fuel  of  higher  volatility 
and  thereby  obtain  greater  power  from  the  same  engine. 
This  is  clearly  brought  out  in  this  test,  because  the  dif- 
ference is  very  marked  between  the  maximum  accelera- 
tion possible  with  the  high-test  fuel  when  the  engine  is 
cold  and  the  acceleration  with  the  engine  hot. 

Road  Tests 

A  number  of  road  tests  were  made  with  different  car- 
bureter settings,  again  using  the  different  fuels  and  the 
two  temperatures.  The  greatest  mileage  obtained  on  1 
pint  of  fuel  at  an  average  speed  of  about  18  m.p.h., 
on  a  rolling  road  surface  with  grades  up  to  4  per  cent, 
was  at  the  rate  of  32.8  miles  per  gal.,  using  the  lighter 
fuel,  which  is  very  far  beyond  the  average  mileage  shown 
in  the  Bureau  of  Standards  tests.  The  highest  rate 
obtained  with  the  heavy  fuel  was  28.8  miles  per  gal. 
On  the  other  hand,  with  the  carbureter  setting  of  5, 
with  the  engine  hot  in  both  cases,  the  mileage  per  gallon 
was  exactly  the  same,  19.2.  The  two  other  figures  ob- 
tained indicate  clearly  that  the  average  owner,  if  at  all 
careless  of  carbureter  setting,  might  easily  get  worse 
mileage  with  the  more  volatile  fuel. 

I  am  not  presenting  those  figures  as  an  argument  for 
using  69  deg.  gasoline.  I  would  rather  use  it  myself,  I 
will  admit.  But  I  think  the  figures  indicate  somewhat 
why  the  results  that  were  obtained  last  summer  were 
obtained,  and  also  that  they  emphasize  the  possibility 
that  the  general  public,  not  the  skilled  drivers,  will  do 
about  as  well  with  the  heavier  fuels  as  with  the  lighter 
one,  so  far  as  road  mileage  is  concerned.  That,  after 
all,  is  part  of  our  investigation.  I  still  believe  that,  in 
a  car  especially  adapted  for  the  lighter  fuel,  we  can 
show  substantially  better  results  with  the  light  fuel 
than  we  can  with,  the  heavier  one ;  but,  in  a  car  adapted 


for  the  heavier  fuel,  the  light  fuel  will  show  no  great 
road-mileage  advantage,  up  to  a  fuel  heavier  than  we 
have  today. 

I  regret  to  say  that,  in  our  own  industry,  there  is 
a  trend  in  engine  design  which  will  be  hard  to  satisfy 
with  heavier-grade  fuels.  That  is  an  attempt  to  obtain 
high  engine-power  at  high  engine-speeds.  This  can  be 
done  only  by  the  use  of  large  carbureters  with  low  de- 
pression, by  large  manifolds  and  valve-ports,  and  all 
of  these  things  are  the  worst  possible  adjuncts  to  a 
proper  handling  of  a  fuel  of  low  volatility.  Every  air- 
plane participating  in. the  1922  Pulitzer  Race  used,  I 
believe,  aviation  gasoline  mixed  with  50  per  cent  of 
benzol.  They  did  not  consider  the  cost  of  the  fuel  at 
all;  it  was  a  question  of  performance,  and  they  used 
what  their  experience  showed  would  give  them  the  best 
performance.  The  reason,  in  their  case,  why  the  per- 
formance is  the  best  is  that  they  operate  with  a  cold 
engine,  one  as  cold  as  they  can  get  it,  for  the  obvious 
reasons  of  an  improved  volumetric  efficiency  and  a  re- 
duced tendency  to  detonate.  With  the  large  manifolds 
and  large  fixed-opening  carbureters  employed,  a  heavier 
fuel  to  obtain  maximum  power  at  high  speed  simply 
will  not  control.  If  the  engine  throttle  is  down  and  an 
attempt  is  made  to  open  it  up  suddenly,  the  engine  just 
dies;  it  will  not  operate.  I  say  that  I  regret  to  see  that 
our  own  industry  seems  to  be  pointing  a  little  toward 
a  type  of  design  that  does  not  go  satisfactorily  with 
the  type  of  fuel  that  we  probably  will  have  to  use.  At 
the  same  time,  I  wish  to  call  attention  to  the  fact  that 
the  automotive  engineer  is  being  forced  to  design  en- 
gines of  less  overall  operating  flexibility  to  cope  satis- 
factorily with  less  volatile  fuel.  Fortunately,  the  great 
majority  of  both  truck  and  passenger-car  users  do  not 
require,  in  regular  service,  any  such  wide  range  of  flexi- 
bility as  can  be  obtained  with  fuel  more  volatile  than  is 
being  supplied  today. 

Continuation  of  Tests 

I  said  earlier  in  this  talk  that  I  consider  that  we  have 
not  finished  the  investigation  of  fuels.  We  have  made 
a  summer  test,  and  know  something  of  the  probable  re- 
sult of  summer  operation.  I  think  that  we  should  also 
have  a  cold-weather  test  to  complete  the  cycle,  where 
conditions  are  possibly  fairly  extreme.  I  do  not  ask 
for  extreme  weather-conditions  simply  to  try  to  put  over 
a  point  of  view  on  the  oil  people.  I  think  that  we  can 
be  trusted  to  assess  fairly  the  amount  of  cold-weather 
and  hot-weather  running  that  has  to  be  considered;  but 
we  all  know  that  it  is  often  wise  to  make  an  extreme 
test  in  making  an  experiment  to  get  an  idea  of  the  gen- 
eral trend  of  things;  we  can  go  from  an  extreme  to  an 
intermediate  test  after  we  have  established  a  general 
trend,  while  we  may  cloud  the  situation  entirely  by  mak- 
ing  an    intermediate   test    with   minor   variations    only. 

For  instance,  we  might  start  with  a  gasoline  of  300- 
deg.  end-point  and  raise  the  end-point  10  deg.  at  a  time, 
allowing  a  driver  to  test  first  one  and  then  the  other. 
I  think  we  might  get  him  up  to  a  gasoline  with  a  500- 
deg.  end-point  by  such  steps,  and  at  every  step  challenge 
him  to  tell  which  was  which.  It  is  obvious  that,  even 
if  he  could  not  tell  a  difference  in  the  operation  at  each 
of  the  intermediate  steps,  that  would  not  mean  that  he 
could  not  easily  tell  the  difference  between  a  gasoline 
of  300-deg.  and  one  of  500-deg.  end-point ;  we  would 
simply  have  been  making  the  steps  too  short  to  cover  the 
inaccuracies  of  observation  or  of  measurement.  That 
is  the  way  I  feel  about  the  cold-weather  test.  I  would 
like  to  see  it  made  under  such  severe  conditions  that  it 
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will  show  something  very  definite  beyond  the  possibility 
of  argument  as  to  what  it  means.  I  think  I  can  say 
for  the  automotive  industry  that  it  will  be  glad  to  as- 
sess the  test  on  its  value  as  a  test,  including  the  tem- 
perature conditions,  and  be  willing  to  reason  from  that 
back  to  what  the  normal  average  temperature  condi- 
tions are. 

Fuel  Volatility 

In  relation  to  fuel  volatility,  we  have  heard  consider- 
able talk  about  crankcase-oil  dilution.  I  look  on  crank- 
case-oil  dilution  to  a  considerable  extent  as  a  ready 
means  of  determining  what  the  fuel  volatility  is  doing 
in  the  engine.  In  other  words,  it  is  one  of  the  few  things 
that  changes  extremely  with  moderate  changes  in  vola- 
tility. In  the  Bureau  of  Standards  tests  and  those  at 
Detroit,  this  was  the  one  thing  that  showed-up  plainly 
on  all  the  cars  as  a  variant  with  the  use  of  the  different 
fuels  involved.  From  that  point  of  view  it  is  an  inter- 
esting test;  but,  as  a  member  of  the  automotive  indus- 
try, I  think  that,  from  its  actual  effect  on  the  operation 
of  the  engine,  we  are  not  ready  to  go  to  the  mat  with 
the  oil  people  on  the  basis  that  a  certain  percentage  of 
crankcase-oil  dilution  is  a  certain  proof  that  a  type  of 
fuel  is  inadmissible.  I  would  find  it  very  hard  to  try 
to  prove  that  mixing  10  per  cent  of  kerosene  with  the 
oil  generally  used  in  any  of  our  engines  would  upset  the 
lubricating  system  or  wear  the  engine  out  prematurely. 

Judging  from  data  in  my  possession,  I  think  we  can 
not  blame  all  the  wear  that  takes  place  in  automobile 
engines  on  crankcase-oil  dilution.  The  data  refer  to 
a  car  that  has  been,  I  think,  about  90,000  miles;  +he 
owner  says  150,000  miles.  It  was  examined  personally 
by  me  3  years  ago  and  showed  no  measurable  wear  in 
the  pistons,  cylinders  or  rings,  and  not  sufficient  wear 
in  the  main  or  the  crankpin  bearings  to  justify  any 
work.  The  owner  did  not  ask  about  getting  a  new  car- 
bureter or  a  new  manifold,  or  whether  he  ought  not  to 
stop  the  oil-pumping,  or  whether  he  needed  new  rings 
or  pistons;  he  feared  that,  possibly,  the  old  machine 
was  getting  tired-out  and  ought  to  be  put  on  the  shelf. 
The  data  simply  show  that  a  car  will  operate  for  long 
periods  on  standard  every-day  gasoline,  undoubtedly  with 
a  certain  proportion  of  crankcase-oil  dilution,  without 
wearing-out. 

'  See  The  Journal,  January.  1923.  p.  7. 
See  The  Journal.  January,  1 023.  p.   ::. 


As  I  said  previously,  we  may  be  able  to  use  crankcase- 
oil  dilution  as  a  ready  means  of  measuring  the  probable 
general  effect  of  too  heavy  fuel;  and,  for  that  purpose, 
I  think  it  has  its  advantages.  But  I  think  that  we 
cannot  safely  take  the  ground  that  it  upsets  the  lubrica- 
tion of  the  job  in  such  a  way  as  to  make  the  use  of  a 
fuel  causing  a  certain  percentage  of  dilution  out  of  the 
question   or  even  economically   impossible. 

Quoting  from  Mr.  Gottschalk's  paper,  under  the  head 
of  Drivers'  Comments,4  I  have  been  told  many  times  that 
nobody  can  tell  the  difference  in  the  service  obtained 
from  fuel  by  the  degree  of  satisfaction  of  the  driver ; 
I  do  not  mean  as  to  road  mileage,  but  whether  the  driv- 
ers like  it.    The  quotation  is: 

Three  of  the  cooperating  companies  inserted  their 
drivers'  comments  on  the  relative  performance  of  their 
cars  with  the  separate  fuels.  The  comments  of  these 
25  drivers  indicated  that  greater  volatility  of  the  fuel 
leads  to  a  greater  ease  and  satisfaction  in  driving, 
while  a  high-end-point  gasoline,  such  as  D,  induces 
"spark-knock,"  slowness  in  warming-up,  sluggish  ac- 
celeration and  other  difficulties.  One  driver  considered 
all  four  fuels  about  the  same,  and  in  two  other  in- 
stances only  did  the  driver's  order  of  preference  not 
conform  to  the  order  of  volatility,  A,  B,  C,  D. 

I  would  like  to  have  you  look  at  the  distillation  curves 
of  these  four  fuels,  shown  in  Fig.  1  of  the  paper,1  see 
how  close  they  are  together  and  then  read  that  last  sen- 
tence again.  Practically  22  drivers,  out  of  25,  were 
able  to  place  these  four  fuels  in  their  order  of  volatility 
by  operating  the  car;  and  we  are  informed  that  the 
drivers  were  not  told  what  fuel  they  were  using.  Also 
bear  in  mind  that  this  test  was  run  in  summer. 

In  closing,  I  want  to  express  the  thanks  of  the  Re- 
search Committee  and  of  the  Society  to  the  companies 
that  cooperated  in  this  work :  To  the  Buick  Motor  Co.,  the 
International  Motor  Co.,  the  Ford  Motor  Co.,  the  Pack- 
ard Motor  Car  Co.,  Dodge  Bros.,  the  Studebaker  Cor- 
poration of  America,  the  Hupp  Motor  Car  Corporation, 
the  Willys-Overland  Co.  and  the  Stromberg  Motor  Devices 
Co.;  also  to  the  staff  of  the  Bureau  of  Standards;  and 
finally,  to  the  American  Petroleum  Institute,  which,  as  an 
organization,  has  worked  with  us.  Further,  we  thank 
members  of  the  American  Petroleum  Institute  who  sup- 
plied fuels  for  the  tests;  a  great  amount  of  special 
fuel  was  required.  They  furnished  technical  assistance 
and  men  to  assist  in  the  running  of  the  tests  also. 


DETERMINING  THE  MAGNETIC  PROPERTIES  OF  SHORT  BARS 


THE  growing  interest  among  engineers  and  designers  in 
the  correlation  of  the  magnetic  and  other  physical  prop- 
erties of  iron  and  steel  has  given  impetus  to  the  study  and 
development  of  methods  for  making  the  necessary  magnetic 
measurements.  Many  materials  of  an  experimental  composi- 
tion or  of  extreme  purity  are  available  only  in  limited  quanti- 
ties, and  the  ability  to  obtain  magnetic  measurements  on 
small  samples  would  be  of  decided  advantage  both  from  the 
point  of  view  of  economy  of  material  and  because  of  the  ease 
of  the  machining  and  heat-treatment. 

The  direct  determination  of  the  magnetic  properties  of 
small  samples  with  any  degree  of  accuracy  is  a  difficult  mat- 
ter, but  the  Bureau  of  Standards  has  recently  developed  an 
apparatus  that  is  capable  of  measuring  the  magnetic  prop- 


erties of  such  a  sample  with  a  satisfactory  degree  of  pre- 
cision. The  method  involves  the  comparison  of  a  sample  of 
the  material  to  be  tested,  which  is  in  the  form  of  a  cylindrical 
bar  6  mm.  (0.23622  in.)  in  diameter  and  10  cm.  (3.937  in.) 
long,  with  a  reference  bar,  the  apparent  magnetic  proper- 
ties of  which  have  been  determined  through  calibration  by 
standard  bars  having  accurately  known  properties.  This 
method  is  capable  of  giving  results  within  5  per  cent  for  most 
materials.  As  the  accuracy  depends,  to  some  extent,  upon  the 
degree  with  which  the  properties  of  the  test  bar  agree  with 
those  of  the  standard  bar  used  for  the  calibration,  the  range 
of  materials  that  can  be  tested  with  satisfactory  accuracy 
depends  upon  the  range  of  properties  covered  by  the  series  of 
standard  bars. 
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Over-Loading  of  Motor  Trucks1 


By  David  C.  Fenner2 


EFFECTIVE  regulation  can  be  accomplished  only  after  a 
careful  investigation  and  determination  of  the  direction 
and  amount  of  deviation  from  standards  of  normal  practice. 
When  we  attempt  to  determine  the  facts  regarding  the  load- 
ing of  motor  trucks  we  are  handicapped  by  the  lack  of  a 
standard  that  can  be  used  as  a  practical  basis  of  comparison. 
A  motor  truck  is  a  carrying  tool  but  not  necessarily  a  meas- 
uring tool.  It  should  be  placed  in  the  same  general  classi- 
fication with  the  shovel  and  the  wheelbarrow  and  not  with 
the  quart  and  peck  measure  and  the  bushel  basket. 

The  over-loading  of  motor  trucks  is  due  in  part  to  the  im- 
proper basis  of  rating  and  classifying  the  motor-truck  chassis 
in  terms  of  the  builder's  rated  pay-load  capacity.  The  user 
soon  learns  that  this  rating  really  does  not  mean  anything. 
He  purchases  a  motor-truck  chassis,  attaches  a  body  that  may 
or  may  not  fit  either  the  chassis  or  the  commodity  to  be  car- 
ried, and  then  loads  the  truck  to  suit  himself.  It  would  seem, 
indeed,  that  the  motor-truck  body  is  the  real  measure  of 
capacity  that  determines  the  size  of  the  chassis  that  must 
be  used  to  carry  it,  loaded  with  the  commodity  to  be  hauled. 

In  the  sale  of  motor  transportation,  the  successful 'sales- 
man conducts  a  careful  survey,  the  results  of  which  convince 
the  customer  that  a  certain  type,  size,  capacity  and  weight 
of  'body  are  necessary  to  fill  his  transportation  requirements. 
Then  he  is  in  a  position  to  sell  the  customer  the  proper  type 
and  size  of  chassis  to  carry  this  body  loaded  to  capacity 
with  the  particular  commodity  that  it  is  purchased  to  haul. 
The  large  number  of  misfit  motor-trucks  on  the  road  today 
are  the  best  possible  examples  of  the  other  method  of  selling 
the  motor-truck  chassis  first  and  allowing  the  customer  to 
put  on  the  chassis  any  body  and  to  load  it  in  any  way. 

Each  chassis,  when  it  leaves  the  builder's  plant,  has  a 
definite  rated  capacity  for  both  the  body  weight  and  the 
weight  of  the  load.  If  a  particularly  heavy  body  is  mounted, 
or  various  forms  of  auxiliary  power  devices  mounted  in  addi- 
tion to  the  body  exceed  the  body  weight-allowance  determined 
by  the  chassis  builder,  the  pay-load  capacity  must  be  reduced 
accordingly.  In  the  case  of  dump-bodies  with  hoists  and 
transmission  power-take-off,  power-driven  winches,  pumps, 
air-compressors  and  various  other  forms  of  auxiliary  power 
devices,  this  excess  weight  is  considerable,  and  in  many  cases 
over-loading  would  be  reduced  if  a  larger-capacity  chassis 
were  used. 

Manufacturers  have  suggested  that  State  motor-vehicle 
commissioners  should  refuse  to  license  any  truck  that  is  not 
equipped  with  a  manufacturer's  caution-plate  properly  spec- 
ifying the  actual  weight  of  the  chassis  and  the  body  and  the 
load  capacity.  They  are  now  proposing  to  go  a  step  fur- 
ther and  indicate  on  this  plate  the  maximum  allowable  gross- 
load  for  the  front  axle  and  for  the  rear  axle,  the  maximum 
allowable  speed  and  the  distance  in  which  the  vehicle  when 
loaded  to  capacity  can  foe  stopped  with  each  set  of  brakes 
operated  independently  with  the  vehicle  running  at  the  stated 
maximum  speed  on  a  hard,  dry,  level  roadway.  The  infor- 
mation on  this  caution-plate  will  give  the  owner  the  data  he 
needs  for  painting  the  weight  and  carrying  capacity  on  the 
sides  of  the  vehicle  to  comply  with  the  State  law.  It  will 
also  enable  the  local  enforcement  officer  to  check  the  dis- 
tribution of  weight  between  the  axles,  the  maximum  speed 
and  the  condition  of  the  braking  system.  A  similar  plate 
for  use  on  home-made  trucks  can  be  issued  by  the  State 
motor-vehicle  department.  The  information  contained  on 
this  plate  will  prevent  the  operation  of  improper  trucks  and 
force  the  proper  operation  of  good  trucks.     It  will  put  the 
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penalty  for  poorly  adjusted  brakes  and  steering  connections 
directly  up  to  the  operator,  where  it  belongs. 

The  man  who  over-loads  to  take  advantage  of  the  "over- 
load capacity"  offered  by  some  truck  salesmen  encounters  the 
general  law  of  averages.  In  the  end  he  gets  just  about  what 
he  pays  for  and  no  more.  Invariably,  the  owner  who  follows 
this  practice  keeps  no  operating  costs  that  are  worthy  of  the 
name.  The  man  who  persists  in  wilful  over-loading  in  the 
face  of  all  the  facts  is  a  menace  to  public  safety  and  should 
be  refused  permanently  either  a  vehicle  or  an  operator's 
license.  He  has  forfeited  his  right  to  use  of  the  highway. 
A  few  less  of  his  kind  on  the  highway  will  be  a  distinct  benefit 
to  highway  transportation. 

Joseph  F.  Whelan,  one  of  the  most  progressive  and  suc- 
cessful professional  truck-operators  in  New  York  City,  says 
With  regard  to  the  perpetual  statement  that  the 
regulation  of  loads  to  the  builder's  rated  capacity  would 
put  the  truckmen  out  of  business,  I  would  say  that 
this  is  not  so.  Such  regulation  would  help  them  mate- 
rially. If  it  did  nothing  else,  it  would  bring  to  a  halt 
the  activities  of  the  irresponsible  operators  who  have 
no  regard  for  either  their  mortgaged  equipment  or 
their  legitimate  competitors. 

Truck-load  regulation  would  mean  that  prices  could 
be  standardized  and  much  equipment  that  is  now  idle 
operated  at  a  fair  profit,  because  additional  trucks 
would  be  needed  to  carry  the  freight  formerly  piled 
haphazardly  upon  two  or  three  long-suffering  and 
much-abused  vehicles. 

Investigations  conducted  in  some  of  the  States  show  that 
the  light  and  medium-capacity  vehicles  are  over-loaded  to  a 
greater  extent  and  in  greater  numbers  than  the  heavy-capac- 
ity vehicle.  This  indicates  the  importance  of  restricting  loads 
per  inch  width  of  tire  per  wheel  and  per  axle.  We  must 
recognize  the  four  classes  of  tire;  pneumatic,  cushion,  solid- 
rubber  and  metal;  in  regulating  speed  and  the  determination 
of  license-fees  according  to  wheel-load.  We  must  restrict 
the  minimum  thickness  of  solid  and  cushion  tires  when  meas- 
ured between  the  tire  flange  and  a  flat  metal  surface  on  which 
the  wheel  stands.  We  must  also  take  into  account  the  con- 
dition of  the  tire. 

The  safety  of  the  public,  the  preservation  of  the  highway, 
the  economy  of  vehicle  operation,  the  status  of  the  operator 
and  the  successful  and  economic  development  of  highway 
transportation  all  demand  that  the  practice  of  over-loading 
should  be  discouraged,  forbidden,  prohibited  and  stamped  out 
completely. 

Put  it  up  to  your  local  motor-truck  association  to  stop  the 
practice  of  over-loading  or  take  the  consequences  of  a  con- 
certed action  of  the  local  automobile-owners'  association  and 
the  local  chamber  of  commerce  to  report  to  the  enforcement 
officers  every  truck  that  shows  the  slightest  evidence  of  being 
loaded  beyond  its  capacity. 

Take  all  the  satisfaction  out  of  over-loading.  Then  the 
man  who  has  been  over-loading  just  to  beat  the  game  will 
quit  and  the  chap  who  is  really  forced  by  circumstances  to 
haul  more  than  the  rated  capacity  of  his  present  vehicle  will 
buy  a  larger  vehicle  or  a  trailer.  With  a  semi-trailer  he 
can  double  the  capacity  of  his  present  vehicle;  by  distributing 
the  gross  load  over  six  wheels  he  can  keep  within  the  wheel 
weight-restrictions  of  the  State  law  and  the  builder's  rated 
capacity  of  the  truck  and  help  to  preserve  the  safety  of  the 
public  and  the  best  interests  of  highway  transportation. 

The  motor-vehicle  industry  stands  solidly  behind  the  rigid 
enforcement  of  the  provisions  of  the  Proposed  Uniform  Ve- 
hicle Law  and  the  existing  State  laws.  It  condemns  over- 
loading and  over-speeding  unreservedly,  and  will  cooperate 
actively  in  every  movement  to  regulate  loads  and  speeds  of 
motor  trucks  on  the  highway. 
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Society's  Research  Sheds  New  Light 

on  Fuel   Problem 


By  V.  H.  Gottschalk1 


Annual  Meeting  Paper 


ADDITIONAL  data  on  another  group  of  four  cars 
were  received  too  late  for  inclusion  in  this  paper 
k  when  it  was  printed  in  The  Journal.  The  data 
are  now  appended  in  supplementary  form,  together  with 
the  discussion  that  followed  the  presentation  of  the  paper. 
For  the  convenience  of  the  members,  a  brief  abstract  of 
the  paper  precedes  the  discussion,  with  a  reference  to  the 
issue  of  The  Journal  in  which  the  paper  appeared,  so 
that  members  who  desire  to  refer  to  the  complete  text  as 
originally  printed,  and  the  illustrations  that  appeared  in 
connection  therewith,  can  do  so  with  a  minimum  amount 
of  effort. 

ABSTRACT 

THE  author  describes  a  series  of  road  service-tests, 
made  of  stock  cars  driven  by  their  usual  drivers 
when  using  fuel  of  specified  grades,  to  determine  the 
effect  of  any  changes  in  the  fuel  volatility  on  the  gaso- 
line mileage  for  the  respective  make  of  car  as  part  of 


TABLE   5 — GASOLINE  AND   APPARENT  LUBRICATING  OIL   MILEAGES 

Apparent  Miles  per 

Mile 

Gallon  of 

No.  of 

Gasoline 

Lubricating  Oil 

Car 

A 

B              C 

D 

ABC          D 

48 — 1 

17.61 

17.77      19.16 

IS. 92 

333      426      587       734 

53—1 

19.57 

19.84      17.37 

18.51 

342      662      817   1,150 

54 — 1 

16.66 

21.66      20.80 

22.08 

708      890     791   1.45S 

54--2 

20.94 

21.92      20.52 

18.11 

545     629      599      (o) 

59    Cars.  . 

.15.09 
oil  at 

15.33      15.04 
the  end  of  the 

15.05 
run  tha 

631      755     792       927 

( a  )   More 

n  at  the  start. 

average  of  the  223  test-periods  to  274  miles  each.  To 
include  the  new  figures,  Table  1  of  the  paper  should  be 
modified  so  that  lines  2  to  8  of  the  second  column  will 
read  63,  74,  42,  17,  4,  1  and  5. 

The  new  figures  change  the  oil  mileages  less  than  1 
per  cent.  The  gasoline  mileages  show  a  slightly  larger 
maximum-difference,  1.9  per  cent  instead  of  1.6  per  cent 
as  previously  obtained,  and  they  are  higher  than  for  the 


TABLE 

t> TON -Mil 

JSS    FEK    GA 

LLUN    Of    G 

\SUL1N*;    B 

ABULl    UN     A    UUAD    Uf 

Group  Averages 

Group    A 

B 

C 

D 

A 

B                C 

13     22.9 

23.9 

22.4 

19.8 

18.2 

23.6 

22.8 

24.1 

19.3 

19.5 

21.9 

20.7 

21.4 

21.6 

19.0 

20.3 

20.5 

22.2             21.3 

Averages  for  13  Groups     22.6 


D 


21.2 


Expressed  in 
Terms  of  B  as  100  per  cent 
A  C  D 


92.4 


23.2 


22.7 


22.6 


Means  for  13  groups 

Mean  deviation  of  the  mean 

Mean  deviation  of  single  observation 


96.1 


95.5, 


97.8 

98.1 

97.9 

1.6 

2.1 

2.4 

5.8 

7.7 

8.6 

a  general  research  program  undertaken  jointly  by  the 
automotive  and  the  petroleum  industries.  The  object 
was  to  determine  the  best  fuel  as  regards  volatility, 
from  the  general  economic  standpoint,  and  what  grade 
of  fuel  will  afford  the  maximum  car  mileage  per  barrel 
of  crude  oil  consumed  in  its  production. 

Factors  influencing  the  selection  of  cars  used  are 
enumerated  and  the  fuels  tested  are  discussed,  together 
with  general  comment  and  a  description  of  the  test 
procedure.  The  results  are  tabulated  and  commented 
uDon  at  some  length,  inclusive  of  descriptions  of  the 
methods.  A  summary  of  the  results  is  presented  in 
the  form  of  conclusions  that  are  stated  in  four  specific 
divisions.  The  value  of  statistical  research  is  illus- 
trated by  the  results  obtained.  [Printed  in  the  Janu- 
ary, 1923,  issue  of  The  Journal.] 

SUPPLEMENTARY  DATA 

The  additional  data  received  apply  to  another  group  of 
four  cars.  The  figures  for  gasoline  and  oil  mileages  ob- 
tained with  these  four  cars  are  given  in  Table  5,  which 
supplements  Table  2  of  the  paper  and  corrects  the  aver- 
ages to  comprise  the  results  of  all  59  cars.  This  report 
of  the  tenth  and  last  cooperating  company  brings  the 
total  mileage  of  the  test  up  to  61,114  and  changes  the 


1  M.S.A.E. — Research  engineer,    Society   of  Automotive  Engineers, 
Inc.,   New    York   City. 


original  55  cars.  The  car  numbers  given  in  the  first 
column  of  Table  5  have  been  chosen  to  indicate  the  posi- 
tion of  the  additional  four  cars  as  regards  the  increasing 
order  of  Grade-B  gasoline  mileages.  It  will  be  noticed 
that  they  come  at  the  bottom  of  the  Table  2  of  the  paper 
and  make  a  very  welcome  increase  in  the  number  of  the 
high-mileage  figures.  The  four  new  points  to  be  added 
to  each  one  of  the  three  graphs  of  Fig.  4  of  the  paper 
will  be  found  to  lessen  the  degree  of  abnormality  in  the 
appearance  of  the  high-mileage  ends  of  the  graphs. 

Table  6  gives  the  data  for  these  four  cars  as  recalcu- 
lated to  show  the  number  of  ton-miles  per  gallon  of 
gasoline.  Table  6  is  a  new  group.  No.  13  is  to  be  added 
to  Table  3  of  the  paper.  This  is  of  questionable  propriety 
because,  besides  some  minor  variations  from  the  general 
scheme  followed  with  the  other  groups,  group  No.  13 
was  tested  in  the  period  from  Nov.  23  to  Dec.  3,  1922, 
while  the  other  12  groups  were  run  in  the  months  of 
June  and  July,  1922.  Nevertheless,  we  have  calculated 
the  averages  of  the  group  averages  and  the  means,  to- 
gether with  the  deviations,  and  have  included  these  num- 
bers in  Table  6  for  comparison  with  the  corresponding 
numbers  in  Table  3  of  the  paper. 

Other  additional  data  that  have  been  received  since 
the  report  of  the  company  tests  went  to  press  is  a  fourth 
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TABLE  7 CRANKCASE-OIL  DILUTION  FOR  SET  4,  GROUP  9& 


Fuel 

A 

B 

C 

D 

Percentage 

Distilled 

Off3 

Viscosity1 

Percentage 

Distilled 

Off3 

Viscosity4 

Percentage 

Distilled 

Off3 

Viscosity* 

Percentage 

Distilled 

Off3 

Viscosity1 

Group  Average 

6.1 
4.0 
7.0 
5.0 
3.0 

5.0 

195 
230 
194 
217 
233 

4.5 
11.0 

4.5 
7  0 

7.3 

169 
215 
156 
212 
174 

11  0 

8.0 

8.0 

5  0 

11.5 

20.5 

10.7 

156 
155 
176 
194 
154 
97 

ii]6 

9.0 

7.8 
6.5 

8.6 

145 
172 
193 
190 

Average  of  the  Groups  Re- 
calculated to  Percentage 
Dilution 

5.3 

7.9 

11.6 

9.4 

Original  Oil 

Specific  Gravitv 0  90  > 

Viscosity  at  100  deg.  fahr.,  Saybolt  sec 303 

Flash-Point.  deg.  fahr 430 

Fire-Point,  deg.  fahr 495 

'Table   4   of  the  paper  should  be  corrected  so  that   the   Group  Numbers  in  column  1  will  read   10,  11    VI.  1.   2,  3,   7  read- 
ing from  above  downward. 

3  Dilution    figures   are    given    as    percentage    of    gasoline    distilled  from  the  crankcase  oil. 

4  Saybolt  viscosity  at  100  deg.  fahr. 


set  of  crankcase-oil  dilutions  belonging  to  this  series 
and  determined  by  the  Bureau  of  Standards.  These  fig- 
ures are  given  in  Table  7  as  a  matter  of  record. 

In  conclusion,  I  take  this  opportunity  to  state  that  I 
am  responsible  for  the  calculations  involved  in  the  com- 
pilation of  the  data  contained  in  the  company  reports, 
but  that  to  Dr.  H.  C.  Dickinson,  research  manager  of  the 
Society,  belongs  full  credit  for  the  conception  of  the  idea 
and  for  the  working  plan  of  the  statistical  method  as 
applied  so  successfully  to  the  fuel  research. 

THE  DISCUSSION 

V.  H.  Gottschalk  :— The  work  reported  in  the  paper 
is  just  one  part  of  the  cooperative  fuel  research.  R.  E. 
Carlson  gives  an  outline  of  what  we  are  trying  to  do  in 
his  paper  on  Economic  Motor-Fuel  Volatility.5  We  used 
the  same  fuel  that  Mr.  Carlson  dealt  with,  Grades  A,  B,  C 
and  D.  In  our  case  it  was  manufactured  by  a  Western  re- 
finery, but  the  specifications  were  the  same.  If  Fig.  1 
of  my  paper  is  compared  with  the  corresponding  figure 
that  Mr.  Carlson  gave,  it  will  be  seen  that  the  curves  are 
about  the  same.  Our  10-per  cent  point  was  not  so 
accurate  as  that  which  the  Bureau   of   Standards  had, 


"See  The  Journal.  February.    L923,   p.   139. 


but  the  end-points,  or  the  spreads  between  the  end-points, 
are  about  the  same,  I  think.  They  are  supposed  to  repre- 
sent the  same  fuel  and  represent  probably  about  what 
can  be  done  in  a  gasoline  refinery  with  reference  to 
coming-up  to  specifications. 

Dr.  Van  H.  Manning: — I  am  looking  at  the  oil  in- 
dustry and  at  the  automotive  industry  and  I  am  watch- 
ing the  results  of  these  investigations  in  an  unselfish 
attitude  of  mind.  Some  difficulties  to  be  encountered 
occurred  to  me  when  Mr.  Gottschalk  referred  to  the  run- 
ning of  these  tests  by  the  average  driver.  Assuming 
that  there  are  two  drivers  for  every  car  in  the  United 
States,  there  are  24,000,000  people  that  you  must  educate 
to  drive  a  car.  I  have  been  in  educational  campaigns  for 
years,  and  I  know  how  difficult  it  is  to  put  these  things 
over.  I  feel  sure  that,  when  these  tests  are  finally  con- 
cluded, you  automotive  engineers  will  get  a  satisfactory 
answer,  an  answer  given  by  both  industries,  the  two 
biggest  in  the  world. 

I  want  to  take  this  opportunity  of  extending,  on  behalf 
of  the  oil  industry,  our  appreciation  of  the  splendid  co- 
operation which  we  have  had  from  the  President,  the 
General  Manager  and  the  Research  Manager  of  the  So- 
ciety of  Automotive  Engineers,  and  from  the  National 
Automobile  Chamber  of  Commerce. 
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Cheaper  Closed-Body  Construction 


By  George  J.  Mercer1 


Awr  \l  Meeting  Paper 


Illustrated  with  Photographs 


THE  author  quotes  statistics  relating  to  the  propor- 
tion of  closed  to  open  bodies  and  outlines  the 
changes  that  have  taken  place  in  body  construction  in 
recent  years.  He  sketches  the  advances  that  have  been 
made  and  states  that  the  question  to  be  answered  now 
relates  to  what  all  this  improvement  in  manufacturing 
methods  has  accomplished  toward  reducing  the  price 
of  a  closed-car  body  to  the  consumer.  He  compares  the 
percentage  of  public  benefit  in  1922  with  that  of  1914, 
excluding  the  period  of  inflated  prices  immediately  fol- 
lowing the  war,  and  states  that  it  is  10  to  15  per  cent, 
but  says  also  that  this  is  an  unfair  comparison  because 
of  the  excessive  increases  in  the  cost  of  labor,  lumber, 
sheet  steel  and  trimming  cloth. 

An  unconventional  type  of  body,  covered  entirely 
with  fabric  over  a  foundation  of  wire-mesh  and  buck- 
ram fastened  to  the  conventional  wood-framing,  is 
illustrated  and  described  in  detail,  together  with  a 
statement  of  its  advantages. 

IN  the  news  items  of  the  trade  journals  and  the  auto- 
motive notes  in  the  daily  papers,  continual  statement 
is  made  that  some  one  or  other  of  the  car  builders 
is  behind  in  the  delivery  of  closed-body  models.  There 
are  more  than  1,500,000  closed-body  cars  in  use  in  this 
Country  at  present,  or  16  per  cent  of  the  total  registra- 
tion. In  1916  the  proportion  of  open  to  closed  cars  was  1 
per  cent;  in  1918,  the  output  of  closed  bodies  was  71,000; 
in  1919,  it  was  197,000,  or  10  per  cent;  in  1921,  it  was 
335,000,  or  20  per  cent,  and  the  estimated  output  for 
1922  is  635,000. 

The  increase  in  the  use  of  the  closed-body  car  justifies 
the  statement  that  the  closed  body  is  superseding  the 
open  one  as  fast  as  reduced  prices  and  manufacturing 
facilities  permit.  The  open  model  will  have  its  place, 
but  will  be  more  of  the  semi-racing  or  sport  type  and 
some  one  of  the  closed  models  will  have  to  be  featured 
in  advertising,  as  the  open  body  formerly  was,  to  attract 
sales  by  its  special  value  for  the  price.  The  problem  is, 
how  can  a  closed  body  be  made  much  cheaper  and  yet 
retain  approximately  the  present  standard  in  appearance 
and  service  quality? 

Changes  in  Body  Construction 

To  arrive  at  a  point  of  reasoning  for  the  future,  it 
will  be  well  to  review  the  changes  that  have  occurred  in 
body  construction.  Commencing  with  the  all-wood  body 
similar  to  that  of  a  carriage,  improvement  was  made  by 
the  substitution  of  sheet  aluminum  for  the  panels.  Dur- 
ing the  time  that  aluminum  was  exclusively  used,  some 
companies  made  the  panels  of  cast  aluminum;  the  Pierce- 
Arrow  Co.  made  all  its  bodies  in  this  way  for  years. 
The  next  forward  step  was  the  use  of  sheet-steel  panels. 
This  was  accomplished  only  after  strenuous  efforts,  as 
neither  the  steel  then  available  nor  the  machines  for 
pressing  and  stamping  were  suitable  for  body  require- 
ments. The  improvements  since  that  time  have  been 
along  the  line  of  improved  and  more  extensive  stamping 
and  drawing  operations  and,  as  a  consequence,  the  labor 
of  assembling  has  been  lessened  and  some  operations 
have  been  eliminated. 


1  M.S.  A.E. — Consulting  engineer,  Detroit. 


The  all-steel  body  made  by  the  Edward  G.  Budd  Mfg. 
Co.  for  Dodge  Bros.,  and  used  by  the  latter  for  several 
years,  is  a  further  advance  from  the  conventional  wood- 
frame  and  steel-panel  construction.  It  has  been  limited, 
until  recently,  to  the  open  types.  Its  advantage  is  not  so 
much  any  strength  that  it  has  over  that  of  the  combina- 
tion body,  because  the  latter  is  all-sufficient  for  service, 
but  that  the  body  when  assembled  can  have  the  bake- 
enameled,  whereas  the  wood  frame  of  the  combination 
body  will  not  withstand  the  high  temperature  necessary 
for  baking. 

The  advantage  of  the  enamel  finish  is  easily  established 
in  view  of  the  fact  that  practically  all  cars  have  mud- 
guards, splashers  and,  wherever  possible,  radiators  and 
engine  hoods  so  finished.  The  advantage  of  applying 
this  finish  to  the  entire  surface  of  the  body  is  very  great. 
The  feature  of  a  durable  surface  is  but  one  of  the  merits ; 
another  is  the  saving  of  time.  The  Dodge  body  is  fin- 
ished complete  in  1  day.  The  cheapest  painting  job  will 
take  5  days,  while  a  paint  operation  that  will  stand-up 
for  a  season  will  take  12  days.  Because  the  heavy  initial- 
cost  to  install  this  form  of  manufacturing  necessitates 
the  continuance  of  one  model  for  a  long  period  without 
changes  to  absorb  this  cost,  and  also  because  the  baking 
process  is  limited  to  black,  this  method  is  confined  to 
companies  who  make  a  standardized  product  in  large 
quantities. 

In  addition  to  the  distinct  manufacturing  changes 
already  enumerated,  there  have  been  other  changes  that 
have  had  an  effect  in  reducing  manufacturing  costs.  For 
instance,  the  bodies  are  smaller;  formerly,  nearly  all 
bodies  were  seven-passenger,  now  the  majority  are  five 
or  four-passenger.  The  design  of  the  body  is  simpler, 
the  aim  being  to  economize  in  material  and  labor  by 
having  straighter  lines,  less  extreme  radii  in  the  rounded 
corners  and  curves,  a  less  number  of  moldings,  simpler 
door-hinges,  duplicate  glass-sizes,  simpler  trimming  de- 
sign, fabric  roofs  in  place  of  solid  panels  and  improved 
painting  methods  in  which,  by  the  use  of  the  spray  and 
drying  ovens,  the  time  of  painting  has  been  reduced  from 
4  weeks  to  12  days.  The  conveyor  has  been  adapted  for 
body  use  in  all  departments,  and  has  become  as  necessary 
in  this  work  as  in  chassis  assembling. 

Advance  Toward  Simplified  Construction 

At  present,  the  advance  toward  a  simplified  construc- 
tion that  will  reduce  manufacturing  costs  is  to  make  the 
body  complete  in  sections  and  to  ship  it  in  knocked-down 
shape.  This  method,  which  is  still  in  a  partially  experi- 
mental stage,  will  develop  rapidly. 

The  question  we  want  answered  now  is,  What  has  all 
this  improvement  in  manufacturing  actually  amounted  to 
in  reducing  the  price  of  the  body  to  the  user?  Leaving 
out  the  post-war  period  of  inflated  prices,  and  compar- 
ing 1922  with  1914,  the  public  benefits  to  the  extent  of 
a  flat  average  of  from  10  to  15  per  cent;  but  this  is  not  a 
just  comparison  because  labor  is  paid  100  per  cent  more, 
and  lumber  costs  77  per  cent  more,  sheet  steel  43  per 
cent  more  and  trimming  cloth  80  per  cent  more.     These 
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Fig 


-Framework   of  the  Body   after  the 
Ha;   Been    Applied 


19   Wire  Mesh 


items  show  what  the  body  builder  is  up  against;  what 
his  problem  has  been,  and  is,  of  how  to  market  an  article 
for  less  money  and  yet  pay  more  for  material  and  labor. 

One  other  item  is  to  be  considered:  Style  or  design. 
The  appearance  of  the  body  is  so  important  that  car-sales 
are  made  or  lost  in  accord  with  this  feature,  provided  the 
other  parts  of  the  car  are  equal  in  merit.  Consequently, 
this  elemental  part  of  the  body,  that  appeals  to  the 
artistic  sense  of  the  purchaser,  bulks  large  with  the 
selling  organization  and  is  a  determining  factor  in  pro- 
duction. 

To  sum  up,  closed  bodies  must  be  produced  more 
cheaply,  and  have  a  sufficient  amount  of  style  to  attract 
favorable  attention,  minimize  sales  resistance  and  make 
commensurate  advertising  expense  worthwhile.  In  addi- 
tion, they  must  be  of  light  weight;  recent  data  show 
that  71  per  cent  of  passenger-car  sales  are  confined  to 
the  medium  and  low-priced  small-cars.  In  Europe  very 
light  small  cars,  designed  to  minimize  upkeep  and  operat- 
ing expenses,  are  being  made.  Since  1916,  although  the 
Ford  Motor  Co.  has  increased  its  output,  its  proportion 
of  the  total  volume  of  business  in  the  less-than-$l,000 
class  has  constantly  decreased. 

An  Unconventional  Type  of  Body 

At  the  time  I  was  asked  to  write  this  paper,  I  had  in 
mind  the  sectional-finished  body  with  its  possibilities  of 


finishing  complete  in  easily  handled  parcels,  by  this 
method,  saving  in  shop  space  and  allowing  cheaper  trans- 
portation expenses  and  the  speeding  up  in  production. 
But  I  had  thought  of  this  only  as  a  metal-panel  body, 
until  K.  L.  Childs,  of  the  Standard  Textile  Products  Co., 
gave  our  firm  an  order  to  make  a  body  to  demonstrate  the 
practicability  of  covering  a  body  entirely  with  fabric 
over  a  foundation  of  wire  and  buckram  fastened  to  the 
conventional  wood-framing. 

This  idea  is  not  new  in  its  entirety.  Fabric  has  been 
used  for  body  covering  by  shellacing  the  fabric  over  the 
steel  panels.  Reports  of  its  wearing  qualities  have  been 
uniformly  satisfactory.  We  are  familiar  with  the  Cali- 
fornia top;  and  this,  too,  has  given  uniform  satisfaction 
when  a  good  quality  of  fabric  material  has  been  used. 
The  service  that  the  fabric  top  has  given  is  generally 
known;  so,  there  is  a  fair  background  of  experience  upon 
which  to  base  one's  judgment  as  to  the  practicability  of 
making  a  real  fabric-covered  body,  eliminating  the  steel 
under-panels  and  using  a  foundation  that  is  cheaper, 
lighter  and  more  easily  and  quickly  applied,  yet  having 
sufficient  rigidity  to  retain  the  shape  when  molded. 


Fig. 


-An  Interior  View  of  the  Body  after  the  Buckram  Has 
Been   Placed 


Fio. 


2 — The   Wire   Mesh   Is    Covered   with   a   Layer   o 
Wadding  After  Which  Buckram  Is  Applied 


The  illustrations  presented  show  the  progressive  steps 
in  making  this  sample  experimental  body.  They  are  to 
be  considered  as  indicative  of  experimental  or  research 
work  only.  The  application  of  this  principle  to  the  con- 
ventionally designed  body,  whereby  we  plan  to  make  it 
cheaper  and  lighter,  is  now  under  way,  and  we  expect 
to  be  as  successful  as  we  have  been  with  this  sample  of 
expensively  designed  coach-work. 

Fig.  1  shows  the  application  of  the  wire  to  the  frame- 
work. This  is  a  No.  19  gage,  2  meshes  to  the  inch,  and 
fastened  with  staples.  Fig.  2  shows  the  buckram  fastened 
over  the  wire.  One  layer  of  cotton  wadding  is  placed 
between  the  wire  and  the  buckram  and  the  framework 
is  double-rabbeted,  one  rabbet  being  for  the  wire;  the 
one  for  the  buckram  is  wider,  so  as  to  have  it  cross  the 
joint  and  be  nailed  beyond  the  wire  edge.  Fig.  3  is  a 
view  of  the  interior  of  the  body,  and  Fig.  4  shows  the 
body  with  moldings  tried-on  and  ready  for  the  fabric 
covering,  which  is  shown  applied  in  Fig.  5.  It  will  be 
noted  that  the  door  and  window  openings  have  rounded 
corners;  this  is  necessary  to  allow  the  fabric  to  be  car- 
ried over  and  fastened  to  the  inside  without  cutting  the 
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goods  to  fit  a  square  corner,  as  would  otherwise  be  neces- 
sary. 

Fig.  6  shows  the  finished  body  installed  on  a  Packard 
chassis.  A.  L.  Knapp,  of  the  Packard  company's  engi- 
neering department,  is  to  be  credited  with  some  of  the 
original  initiative  prior  to  actual  construction  of  the 
body.  Fig.  6  does  not  do  justice  to  the  body,  owing  to 
haste  of  work  preparatory  to  shipping. 

The  illustrations  show  an  absolutely  new  method  of 
body  construction.  This  is  the  first  body  that  has  been 
made  using  fabric  entirely  for  the  panels.  It  is  the  most 
radical  innovation  in  body  construction  that  has  been 
introduced  since  the  advent  of  the  motor  car.  Moreover, 
the  initial  idea  and  the  first  experimental  work  were  by 
a  man  who  is  not  a  body-builder.  I  feel  in  duty  bound 
to  give  credit  to  Mr.  Childs  for  having  the  courage  of 
his  convictions  and  providing  the  money  to  try-out  his 
theory. 

Practical  Considerations 

Considering  this  form  of  construction  from  the  prac- 
tical point  of  view,  let  us  consider  the  appearance  first. 
The  most  expensive  bodies,  those  that  are  built  for  the 
highest-price  trade,  have  the  top,  upper  back  and  rear 
side-quarters  of  leather.  We  can  remember  that  in  the 
carriage  days  the  leather  Victoria-top  added  a  charm  to 
the  body  design  that  has  never  been  equalled.  The  high- 
finished,  long-grain  landau-leather  used  always  adds  a 
satisfying  finish  to  the  body.  These  comparative  state- 
ments regarding  leather  refer,  of  course,  to  the  conven- 
tional form  of  using  it,   in  which  part  of  the  body  is 


Pig.   4 — Exterior  of"  the   Body  with  the   Holdings  Temporarily 
in   Position   and  Ready  for  the  Fabric   Covering 

painted.  The  subject  of  this  paper  is  a  body  that  is 
covered  entirely  with  a  fabric  that  is  a  perfect  duplicate 
of  landau  leather.  Therefore,  it  will  be  necessary  to 
show  it  to  the  public  before  the  idea  can  be  realized  com- 
pletely. 

The  point  that  the  public  probably  will  be  most  skep- 
tical of  is  durability.  The  matter  of  durability  has  two 
angles.  First,  regarding  the  lasting  quality  of  the 
finish,  the  experimental  product  has  withstood  the  test 
of  all  weathers  for  2  years;  it  is  still  in  daily  use,  and 
the  foundation  of  the  coating  is  so  well  preserved  that  a 
little  friction  with  a  soft  cloth  will  brighten  it  so  that 
it  looks  almost  like  new.     The  care  to  keep  such  a  body 


Fig.   ."> — The  Fabric  Covering   Applied 

looking  fit  is  as  nothing  when  compared  to  what  is  re- 
quired for  a  painted  surface;  it  does  not  need  to  be 
washed,  but  simply  to  be  dusted-off  with  a  cloth  and, 
occasionally,  to  have  a  little  polish  rubbed-in.  The  other 
angle  respecting  durability  is  whether  a  body  so  made 
will  stand-up  in  average  use.  Lapse  of  time  will  be  re- 
quired to  ascertain  this. 

In  working  on  this  body,  no  thought  was  given  to  the 
fact  that  the  construction  was  exceptional.  We  know 
that,  in  all  body  construction,  extreme  rigidity  is  a  "weak- 
ness." We  must  provide  for  compensation  to  take  care 
of  the  weave,  just  the  same  as  is  done  in  bridge  build- 
ing ;  so,  any  form  of  body  construction  will  stand-up  that 
will  absorb  the  shocks  and  return  to  its  original  shape 
after  distortion.  We  believe  that  this  form  of  construc- 
tion has  wearing  qualities  that  will  surpass  those  of 
many  of  the  metal-panel  bodies  now  made.  It  is  reason- 
able to  say  that  it  will  make  the  ideal  all-season  body, 
because  the  fabric  covering  should  be  warm  for  winter 
use  and,  in  summer,  as  there  is  no  medium  to  conduct 
the  heat,  it  may  prove  to  be  equally  as  serviceable  as  the 
body  that  is  composed  of  metal  panels. 

The  weight  of  a  body  made  as  illustrated  is  slightly 
less  than  that  of  an  aluminum-panel  job.  The  weight  of 
the  combined  wire,  buckram  and  fabric  is  less  than  %  lb. 
per  sq.  ft.  Aluminum  construction  weighs  approxi- 
mately T's  lb.  and  steel  1%  lb.  per  sq.  ft.  The  size  of  the 
wood  framing  is  the  same  as  for  aluminum  or  steel  con- 
struction ;  the  steel  body-braces  are  likewise  the  same, 
as  also  are  the  doors,  roof  and  windshield.  In  designing, 
we  made  no  addition  to  the  construction  above  that  re- 
quired for  the  conventional  light-weight  metal-panel  body, 


Fig.   6 — The  Completed  Body  Mounted  on  a  Chassis 
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and  we  are  confident  that  we  have  given  our  customer  a 
serviceable  body. 

The  flat  cost  of  the  covering  and  foundation  material 
on  this  sample  body  was  26  cents  per  sq.  ft.  Aluminum 
would  cost  30  cents,  and  steel,  7  cents  per  sq.  ft.  To 
the  cost  of  both  aluminum  and  steel  construction  stamp- 
ing or  hammer  costs  must  be  added,  as  well  as  the  costs 
of  finishing  and  then  painting.  In  6  weeks  from  the 
time  of  receiving  the  order,  this  body  was  completed 
and  on  its  way.  This  included  considerable  work  that 
would  not  ordinarily  be  required;  special  mudguards, 
side  splashers,  spare-wheel  brackets,  trunk  brackets  and 
the  like.  The  amount  of  the  work  of  designing,  and  that 
of  the  mill  work  and  framing,  are  the  same  as  for  the 
ordinary  body,  but  a  great  saving  is  gained  in  finishing. 
Two  men  completely  finished  the  exterior  and  the  in- 
terior of  this  body  in  two  weeks.  The  entire  outer- 
surface  work  was  finished  first.  During  the  time  of  com- 
pleting the  work  I  realized  how  different  the  conditions 
would  have  been  if  this  body  were  made  with  a  painted 
surface.  At  no  time  was  it  necessary  to  admonish  the 
workmen  to  keep  their  hands  off,  and  no  special  attention 
was  required  to  protect  the  fabric  surface;  but,  had  the 
surface  been  painted,  the  care  of  the  finish  would  have 
been  of  prime  necessity.  Even  when  it  was  put  into  the 
freight-car  for  transportation,  the  body  was  not  covered ; 
if  this  form  of  construction  has  no  other  merit  than  that 
of  having  a  surface  that  is  rugged  and  does  not  de- 
teriorate from  indelicate  handling,  it  cannot  fail  to  win 
its  way  into  general  use. 

The  body  has  one  other  commercial  merit.  Reference 
was  made  previously  to  the  amount  of  time  saved  in 
enameling  the  surface  as  compared  with  painting.  We 
make  the  same  claim  for  the  fabric-covered  body.  One 
day's  labor  is  ample  to  cover  the  exterior  of  a  body  with 
fabric.  This  represents  a  gain  of  from  5  to  11  days, 
according  to  the  quality  of  work.  This  form  of  con- 
struction has  the  merit  of  the  combination  body  in  that 
the  process  is  flexible,  and  changes  in  design  can  be 
made  without  sacrificing  expensive  jigs  and  tools.  More- 
over, the  form  or  shape  of  the  body  does  not  have  to  be 
considered  as  in  the  case  of  a  metal-covered  body,  because 


the  wire,  buckram  and  fabric  can  be  applied  as  easily 
to  a  rounded  surface  as  to  a  straight  one. 

The  question  naturally  arises  as  to  why  this  method  of 
making  bodies  did  not  come  forward  earlier,  since  efforts 
have  been  made  to  use  leather  cloth.  I  want  to  spread 
the  information  that  the  fabric  so  often  called  imitation 
leather  should  be  called  by  its  proper  name,  leather  cloth. 
Leather  cloth  has  been  made  in  only  the  semi-dull  finish 
until  recently,  and  there  was  not  sufficient  luster  in  the 
black  color  to  please  the  eye.  The  high  luster  that  is 
now  obtainable  will  compare  favorably  with  that  of  the 
finest  landau-leather;  therefore,  the  psychological  mo- 
ment seems  to  have  arrived  to  make  use  of  the  material 
in  question  for  body  covering.  It  will  withstand  more 
rough  usage  than  a  painted  surface  will,  and  remain 
presentable  for  2  years;  it  can  then  be  rehabilitated  by 
varnishing  with  carriage  varnish. 

Actual  Advantages 

The  actual  benefits  that  we  have  proof  of,  with  the 
limited  experience  of  making  one  sample-body  of  the 
construction  just  described,  are  less  weight  of  body  than 
results  from  any  other  method  of  construction ;  a  body 
that  can  be  fabricated  more  quickly,  because  the  finish- 
ing is  equal  in  time  to  enameling,  an  absolutely  sound- 
proof body,  because  of  its  shock-absorbing  quality;  a 
comfortable  all-seasons  body,  and  a  flexibility  in  con- 
struction, not  equaled  in  any  other  method,  that  will 
permit  what  have  been  considered  expensive  shapes  to 
be  made  cheaply.  We  feel  that  we  have  demonstrated 
unquestionably,  in  this  experimental  job,  that  we  have 
made  a  body  that  in  finish,  design  and  attractiveness  will 
compare  favorably  with  any  body  made  by  using  the 
customary  materials.  Furthermore,  we  feel  confident 
that  production  bodies  can  and  will  be  made  by  this  new 
plan,  and  that  they  will  be  cheaper  and  better  looking, 
because  there  is  not  the  necessity  of  having  so  many 
manufacturers  follow  the  stereotyped  fashion.  It  is  pos- 
sible, also,  to  use  various  colorings  of  fabric.  Thus,  all 
the  benefits  of  former  practice  are  at  the  command  of 
the  fabric-covered-body  builder,  as  well  as  several  addi- 
tional advantages. 


STANDARDIZATION  OF  OIL-FIELD  EQUIPMENT 


THE  following  resolution  proposed  by  representatives  of 
the  Board  of  Directors  of  the  American  Petroleum  In- 
stitute was  unanimously  adopted  at  the  meeting  of  that 
organization  held'  in  St.  Louis  during  the  early  part  of  the 
month  of  December: 

Resolved,  By  the  group  session  on  standardization  that 
it  is  their  judgment  that  standardization,  simplifi- 
cation and  improvement  of  oil-industry  equipment 
and  methods  is  necessary  and  desirable  and  will 
result  in  great  economics;  and  be  it  further 

Resolved,  That  the  Board  of  Directors  of  the  American 
Petroleum   Institute   be  requested   to  declare  it  to 


be  the  policy  of  the  Institute  to  encourage  and  to 
bring  about  standardization  and  simplification  of 
oil-industry  equipment  and  methods  where  desir- 
able and  practicable  and  to  this  end  that  the  Board 
of  Directors  of  the  Institute  be  requested  to  ap- 
point such  committees  of  the  oil  industry  as  may 
be  advisable  to  carry  on  the  work  in  cooperation 
with  the  executive  staff  of  the  Institute  and  with 
the  various  agencies  ah-eady  contributing  valuable 
work  on  the  subject,  such  as  the  American  Society 
for  Testing  Materials,  the  simplification  bureau  of 
the  Department  of  Commerce.  Bureau  of  Mines  and 
the  Bureau  of  Standards 
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Standards  Committee  Meeting 


THE  reports  of  Divisions,  as  printed  in  the  Decem- 
ber issue  of  The  Journal,  with  the  exception  of 
that  on  Rating  of  Storage-Batteries,  were  duly 
considered  and  acted  upon  by  the  Standards  Committee 
at  its  meeting  on  Tuesday,  Jan.  9,  at  which  Chairman 
E.  A.  Johnston  presided.  Two  reports,  which  are  printed 
in  this  issue  of  The  Journal,  but  had  not  been  prepared 
prior  to  the  issuance  of  the  December  number  of  The 
Journal,  were  acted  upon.  These  related  to  revision 
of  the  present  standards  for  Roller-Chains  and  Roller- 
Chain  Sprockets,  and  a  proposed  Recommended  Prac- 
tice for  Tail-Lamp  and  Registration  Number-Plate 
Illumination  by  the  Lighting  Division. 

The  action  taken  by  the  Standards  Committee  was 
reported  to  the  Council  at  its  meeting  immediately  there- 
after and  to  the  Business  Session  of  the  Society  the 
next  day  and  approved  for  submission  to  the  voting 
members  of  the  Society  for  final  letter-ballot  on  adop- 
tion by  the  Society  as  S.  A.  E.  Standards  and  Recom- 
mended Practices.  The  regulations  governing  the  cast- 
ing and  recording  of  the  letter-ballots  require  that  they 
be  returned  to  the  Society  within  sixty  days  following 
the  Annual  Meeting  of  the  Society.  The  letter-ballots 
will  therefore  be  counted  on  Monday,  March  12. 

In  casting  their  letter-ballots,  Members  should  refer 
to  the  reports  as  printed  in  the  December  issue  of  The 
Journal,  commencing  on  p.  529.  In  the  discussion  of 
each  report  that  follows  in  this  issue,  each  subject,  with 
its  page  reference  only,  is  given  except  for  reports  that 
were  revised  and  the  special  reports  mentioned  in  the 
foregoing  paragraphs. 

The  session  was  opened  with  42  members  in  attend- 
ance by  Chairman  E.  A.  Johnston.  He  first  introduced 
Calvin  W.  Rice,  secretary  of  the  American  Society  of 
Mechanical  Engineers,  who  gave  a  short  talk  on  the 
International  Engineering  Congress  recently  held  in 
Brazil.  In  introducing  Mr.  Rice,  Chairman  Johnston 
said  in  part: 

We  are  assembled  at  this  session  of  the  Annual 
Meeting  of  the  Society  to  receive  the  reports  of  Divi- 
sions covering  the  work  that  has  been  passed  upon  by 
them  since  our  meeting  last  June.  Some  of  these  re- 
ports are  of  extreme  importance  and  will  require  con- 
siderable time  for  adequate  discussion  before  passing 
upon  them. 

As  is  well  known,  this  Society  was  one  of  the  earliest 
proponents  of  engineering  standardization,  and  has 
fostered  this  work  industrially  for  many  years.  Within 
recent  years  there  has  grown  up  a  broader  appreciation 
of  its  great  value  to  the  industry,  so  that  now  our  work 
is  national  as  affecting  all  of  our  industries  and  is  very 
rapidly  receiving  serious  international  consideration. 
We  should  keep  as  well  posted  as  possible  regarding  the 
international  situation  in  order  that  our  efforts  may 
be  adequately  helpful  and  that  the  greatest  benefit  to 
all  industries  may  be  had. 

Calvin  W.  Rice,  secretary  of  the  American  Society 
of  Mechanical  Engineers,  who  was  a  member  of  a  mis- 
sion from  the  United  States  which  attended  the  Inter- 
national Engineering  Congress  in  Brazil  recently,  has 
kindly  offered  to  make  a  few  remarks  regarding  the 
international  standardization  movement  as  brought  out 
at  the  conference  and  as  to  the  status  of  standardization 
in  foreign  countries.  It  is  a  pleasure  to  introduce  Mr. 
Rice  to  you. 
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Mr.  Rice  spoke  as  follows: 

Not  only  is  the  prosperity  of  your  industry,  but  of 
this  Nation,  dependent  upon  the  work  that  you  are  doing 
in  standardization. 

The  United  Engineering  Societies  joined  in  making 
me  a  delegate  to  the  Internationa!  Engineering  Con- 
gress and  I  took  advantage  of  that  trip  to  make  a  tour 
of  South  America  and  call  upon  all  of  the  engineering 
societies.  Having  been  active  in  the  Inter-American 
High  Commission,  I  sought  a  commission  from  Secre- 
tary Hoover,  so  that  the  Inter-American  Commission 
might  be  a  factor  for  good  in  the  nations  that  form 
the  Pan-American  Union.  He  was  glad  to  do  that,  and 
gave  me  a  letter  to  the  Minister  of  Finance  of  each 
nation. 

After  we  arrived  in  Brazil,  I  saw  one  of  the  elder 
statesmen,  who  said,  "Why  do  you  not  have  a  sugges- 
tion for  standardization  come  from  the  Congress?"  So 
it  was  put  through  as  a  resolution  of  the  International 
Engineering  Congress,  that  standardization,  elimination 
of  waste,  simplification  of  product,  all  known  thi-ough- 
out  the  world  as  examples  of  American  enterprise, 
should  be  introduced  in  the  countries  of  the  Pan- 
American  Union.  As  you  know,  in  Germany  they  have 
a  word  "Amerikanische,"  which  means  "the  American 
method  of  doing  things."  This  much  has  been  accom- 
plished. 

Verne  Le  Roy  Havens,  the  editor  of  Ingenieria 
International,  a  Spanish  publication  of  the  McGraw- 
Hill  company,  has  been  the  permanent  secretary  of  the 
International  Engineering  Congress,  and  he  will  write 
all  the  governments  of  the  21  countries  forming  the 
Pan-American  Union,  advising  the  organization  of 
standardization  bureaus  in  each  of  them.  None  exists 
except  in  our  own. 

Progress  of  Standardization  in  South  America 

I  am  happy  to  report  that  since  I  have  returned 
Brazil  has  acted,  and  last  week  I  received  a  letter  an- 
nouncing that  they  had  cabled  to  Secretary  Hoover  for 
the  loan  of  Dr.  W.  E.  Emley,  who  is  down  in  Rio  de 
Janeiro  now,  representing  the  Bureau  of  Standards  in 
connection  with  its  exhibit  at  the  Exposition.  I  assume 
there  is  no  doubt  the  Government  will  loan  Doctor 
Emley  to  assist  Brazil  in  establishing  a  Government 
bureau  on  standardization. 

I  uniformly  called  on  the  ambassador  in  each  nation 
and  explained  the  mission;  then  on  the  engineering 
society;  then  on  the  president  of  the  local  engineering 
society,  and,  in  the  case  of  Argentina  and  of  Cuba, 
where  we  have  associations  of  members  of  engineering 
societies  of  the  United  States,  I  took  the  presidents  of 
those  associations  to  call  on  the  government.  We  pro- 
posed to  the  government  in  each  country  that  they 
organize  a  bureau  of  standai'dization,  for  the  benefit 
of  that  country.  Then  I  got  the  officers  of  the  local 
societies  and  of  our  own  organizations  to  pledge  to  the 
respective  governments  their  services,  in  the  same  way 
that  this  Society  renders  service  to  this  Nation  through 
its  Standards  Committee. 

I  want  you  all  to  feel,  and  you  should  tell  the  com- 
panies you  serve,  if  you  are  officers  of  companies,  that 
they  ought  to  furnish  the  funds  gladly,  either  by  ap- 
propriation or  paying  the  expenses,  and  allow  the  time 
of  your  staff  to  attend  meetings  of  your  Standards 
Committee  Divisions,  because  you  are  promoting  the 
prosperity  of  this  Nation.  If  the  Nation  is  prosperous, 
your  industry  will  be  prosperous.  That  gospel  was 
preached  in  every  country  in  South  America. 


Vol.   XII 


February,  1923 


No.  2 


218 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


People  have  been  going  to  South  America  for  400 
years  to  exploit  the  country.  Pizarro,  when  he  con- 
quered Peru,  for  his  first  ransom  on  the  head  of  the 
Inca  chief  who  gave  a  banquet  in  his  honor,  exacted 
$15,000,000  gold,  taken  from  the  temples  which  that 
Inca  chief  had;  and  then  after  he  had  obtained  that 
money,  Pizarro  murdered  that  chief  and  1000  of  his 
chieftains  in  cold  blood.  That  is  the  worst  story  of 
perfidy  in  all  history,  but  there  have  been  lesser  visits 
and  methods  all  these  years.  I  want  you  to  feel  that, 
for  once,  a  different  type  of  mission  went  to  South 
America;  that  the  engineering  profession,  represented 
by  the  citizens  of  the  country  and  by  our  representa- 
tives who  go  to  these  countries,  either  temporarily  or 
permanently,  shall  contribute  their  talents  to  the  wel- 
fare of  that  nation. 

It  is  to  be  expected  that  Mr.  Havens,  in  his  capacity 
as  Secretary  of  the  International  Congress,  will  notify 
officially  each  country  of  this  resolution  of  the  Congress, 
favoring  the  establishment  in  each  country  of  a  bureau. 
Tomorrow  morning  I  am  to  make  my  official  report  to 
Secretary  Hoovei-,  and,  at  my  suggestion,  we  will  meet 
in  the  Pan-American  Union  with  all  those  departments 
of  the  Government  that  have  anything  to  do  with  South 
America.  There  will  be  the  Pan-American  Union,  the 
Inter-American  High  Commission,  the  Bureau  of  Latin 
Affairs  of  the  Department  of  State,  the  Bureau  of 
Foreign  and  Domestic  Commerce  of  the  Department  of 
Commerce;  then  I  hope  that  by  invitation  the  Bureau 
of  Standards  will  be  there,  and  also  the  Bureau  of 
Simplified  Practice  of  the  Department  of  Commerce  and 
the  American  Engineering  Standards  Committee.  I 
hope  to  pull  all  of  those  forces  together  and  establish, 
gi-adually,  commencing  with  Brazil,  these  standardiza- 
tion bureaus.  Just  think  how  fortunate  it  is,  that 
within  two  months  the  thing  has  been  actually  started 
and  the  United  States  has  been  officially  invited  to 
furnish  a  man  to  instruct  the  government  of  Brazil 
how  to  do  it. 

I  want  you  to  feel,  secondly,  that  there  is  no  one 
thing  in  the  whole  world  so  important  as  foreign  rela- 
tions. The  whole  world  is  looking  to  the  United  States, 
and  nothing  could  be  better  than  for  the  engineering 
profession  to  be  one  of  the  groups  of  citizens  of  the 
world  to  have  a  definite  job,  like  standardization.  It 
is  of  enough  importance  to  be  worthy  of  all  of  your 
energies  and,  as  you  go  ahead  in  your  work  of  stand- 
ardization, I  want  you  to  feel  that  you  are  helping  this 
Nation  to  be  prosperous  and  helping  to  bring  all  nations 
closer  together  and,  if  possible,  make  war  unthinkable. 

In  proposing  a  vote  of  thanks  to  Mr.  Rice  for  address- 
ing the  meeting,  C.  F.  Clarkson  pointed  out  the  increas- 
ing importance  of  our  trade  with  South  America,  rela- 
tively speaking,  in  our  foreign  commerce.  He  also  spoke 
of  the  sincere  and  generous  feeling  on  the  part  of  Mr. 
Rice  for  the  Society,  who  is,  in  his  opinion,  a  very  keen 
and  good  judge  of  economic  values  in  the  professional 
field. 

Action  on  Division  Reports 

The  following  tabulation  indicates  the  recommenda- 
tions, presented  by  the  different  Divisions,  that  were 
accepted  at  the  meeting  of  the  Standards  Committee 
and  approved  by  the  Council,  and  also  by  the  Society  at 
the  Business  Session  of  the  Annual  Meeting  for  sub- 
mission to  the  voting  members  of  the  Society  by  letter- 
ballot.  For  subjects  that  were  approved  as  printed  in 
the  December  issue  of  The  Journal,  page  references 
to  that  issue  only  are  given.  The  additional  reports  that 
were  presented  at  the  Standards  Committee  meeting  are 
printed  in  this  issue  of  The  Journal,  as  are  also  state- 
ments of  the  changes  that  were  made  in  certain  of  the 
reports.  These  should  be  noted  in  the  reports  published 
in  the  December  issue  of  The  Journal. 


REPORTS  ACCEPTED  AND  APPROVED 

Axle  and  Wheels  Division 
Passenger-Car  Front-Axle  Hubs  p.  529 

Chain  Division 
Roller  Chains  and  Roller-Chain  Sprockets 

Printed  in  this  issue 

Electric  Vehicle  Division 


Electric  Vehicle  Motor  Rating 


p.  535 


Electrical  Equipment  Division 
Generator  Flange-Mountings  p.  536 

Starting  -  Motor     Flange  -  Mountings  —  Outboard 

Type  p.  536 

Starting-Motor  Flange-Mountings — Inboard  Type  p.  537 
Starting-Motor  Pinions  p.  537 

Magneto  Mountings  p.  537 

Spark-Plugs  p.  537 

Engine  Division 
Flywheel  Housings  p.  538 

Frames  Division 
Running-Board  Brackets  p.  539 

Iron  and  Steel  Division 
Iron  and  Steel  Specifications  p.  539 

Lighting  Division 
Electric  Incandescent  Lamps  p.  539 

Tail-Lamp  and  Registration-Number-Plate  Illumi- 
nation Printed  in  this  issue 

Lubricants  Division 
Crankcase  Lubricating  Oils  Revised  at  meeting 

Nomenclature  Division 
Automobile  Nomenclature  p.  541 

Parts  and  Fittings  Division 
Plain  Washers  p.  541 

Rod-Ends  p.  542 

Passenger-Car  Body  Division 

Door  Locks  and  Handles  p.  542 

Wood  Screws  p.  542 

Plate  Glass  p.  542 

Screw-Threads  Division 
Gages  and  Gaging  p.  543 

Storage-Battery  Division 
Rating  of  Storage-Batteries  for  Isolated  Electric- 
Lighting  Plants  Revised  at  meeting 
Storage-Battery  Monobloc  Containers 

Revised  at  meeting 

Transmission  Division 
Clutch  Facings  Revised  at  meeting 

Truck  Division 
Vertical  Dumping-Hoist  Platforms  p.  546 


Three-Joint  Propeller-Shafts 
Body  Hold-Down  Clamps 


p.  546 
p.  547 


In  addition  to  the  reports  listed  in  the  foregoing  tabu- 
lation, a  progress  report  on  Differential  Gears  was  sub- 
mitted by  the  Axle  and  Wheels  Division,  the  Truck  Divi- 
sion presented  the  report  on  Motor-Truck  Cabs  that  was 
printed  on  p.  547  of  the  December  issue  of  The  Journal, 
as  a  progress  report,  and  the  report  of  the  Ball  and 
Roller  Bearings  Division  on  Metric  Type  Thrust  Bear- 
ings, that  was  printed  on  p.  536,  was  referred  back  to 
the  Division. 

The  discussions  on  all  of  the  reports  presented  at  the 
Standards  Committee  meeting  are  printed  below. 
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AXLE  AND  WHEELS  DIVISION  REPORT 

Passenger-Car  Front-Axle  Hubs 
(December  issue  of  The  Journal,  p.   529) 

THE  DISCUSSION 

C.  C.  Carlton: — This  report,  which  embodies  a  year's 
work,  can  be  discussed  very  briefly  or  at  great  length, 
as  you  wish.  A  year  ago  standardization  of  truck 
front  hubs  as  S.  A.  E.  Recommended  practice  was  ac- 
complished. This  proposed  S.  A.  E.  Recommended  pi'ac- 
tice  is  for  passenger-car  front-hubs.  It  follows  cur- 
rent practice  very  closely,  and  is  not  an  attempt  to  set 
up  a  final  S.  A.  E.  Standard.  It  is  largely  a  compilation 
of  current  practice  into  a  recommended  practice  rather 
than  the  ultimate  of  what  can  be  accomplished  in  pas- 
senger-car hubs.  We  wish  to  call  particular  attention 
to  the  personnel  of  the  Division  and  Subdivisions  that 
have  worked  it  out,  because  practically  every  manufac- 
turer of  the  article  in  question  is  represented  therein. 

The  ball-bearing  hubs  have  not  yet  reached  the  point 
where  they  can  be  standardized. 

CHAIN  DIVISION  REPORT 

Roller  Chains  and  Roller-Chain   Sprockets 

(Proposed  Revision  of  S.A.E.  Standards) 

This  report,  which  relates  to  two  subjects,  was  finished 
after  the  December  issue  of  The  Journal  was  printed. 
It  is  the  result  of  several  years'  work  done  jointly  by 
the  Chain  Division  and  the  Transmission  Steel  Roller- 
Chain  Committee  of  the  American  Society  of  Mechanical 
Engineers  and  its  technical  subcommittee.  The  art  of 
designing  and  manufacturing  roller-chains  and  their 
sprocket  tooth-forms  has  been  studied  very  carefully  by 
the  chain  manufacturers  with  the  object  of  developing 
standards  that  would  bring  all  makes  of  chains,  sprockets 
and  their  cutters  to  a  common  basis  and  assure  a  high 
quality  of  product  and  satisfactory  operation. 

The  report  embodies  revisions  to  be  made  in  the  pres- 
ent S.A.E.  Standards  shown  on  p.  E3  of  the  S.A.E. 
Handbook.  The  revision  will  include  illustrations  of 
the  sprocket  tooth-forms  and  their  controlling  dimen- 
sions. 

Much  effort  was  made,  particularly  when  the  present 
standards  were  being  formulated,  to  effect  uniformity 
with  British  chain  practice,  but  it  has  not  been  possible 
to  accomplish  this  entirely,  although  with  the  standards 
as  now  developed  interchangeable  operation  can  be  had 
where  necessary.  The  principal  differences  between 
American  and  British  practice  lie  in  some  of  the  chain 
widths  and  roller  diameters  and  to  some  extent  in  the 
sprocket  tooth-forms.    Therefore 

The  Chain  Division  recommends  that  the  present 
S.  A.  E.  Standards  for  Roller  Chains  and  Roller-Chain 
Sprockets,  pp.  E3  and  E4  of  the  S.  A.  E.  Handbook,  be 
revised  as  follows : 

Roller  Chains 

(1)  The    following    note    refers    to    the    formula    for 
minimum  breaking-strengths: 

Note. — These  loads  are  those  at  which  the 
chains  may  break  or  become  permanently 
stretched.  The  actual  working  loads  may  range 
from  1/6  to  1/50  of  the  ultimate-strength,  depend- 
ing upon  the  speed,  the  number  of  teeth  in  wheels, 
the  conditions  of  lubrication  and  the  pulsations 
arising  from  either  the  power  or  the  load  end. 
Chains  should  not  be  selected  on  the  basis  of 
breaking-strength 

(2)  The  Standard  Measuring  Load  is  to  be  changed 
from    "1    per    cent    of    the    average    breaking- 


strength"  to  "IVi  per  cent  of  the  minimum  break- 
ing-streng-th" 

Reason. — The  minimum  allowable  breaking- 
strength  is  given  by  a  formula.  The  average 
breaking-strength  is  not 

(3)  The  Test-Load  is  to  be  changed  from  "one-third 
of  the  average  breaking-strength"  to  "40  per  cent 
of  the  minimum  breaking-strength" 

Reason. — Same  as  in  (2) 

(4)  The  system  of  naming  chain  parts,  p.  E3c,  is  to 
be  changed  as  follows: 

Assembled  Pins,  instead  of  pin  link,  consist  of 
one  pin-link-plate  assembled  with  two  pins 

Pin.  Link  consists  of  two  pin-link-plates  assem- 
bled with  two  pins 

Connecting  Link  consists  of  a  pin  link  with  one 
detachable  pin-plate 

Roller-Chain  Sprockets 

(5)  The  standard  tooth-form  for  block  and  twin-roller 
chains  shall  follow  the  same  specifications  as  those 
for  a  roller-chain  tooth-form  for  the  same  angle 
of  bend 

(6)  Recommended  minimum  cutter-diameters  are  to 
be  as  given  in  the  table 

(7)  Recommended  widths  of  cutters  are  to  be  as  given 
in  the  table 

(8)  Revised  tooth-form  and  cutter  outlines  are  to  be 
in  accordance  with  given  diagrams 

(9)  Minimum  diameter  of  the  sprocket  blanks  for 
roller-chains  to  be  equal  toP  [0.6 —  (cotl80°/r)] 

If  it  is  desired  to  have  the  entire  range  of  teeth 

produced  by  a  single  cutter  brought  to   a  sharp 

point,  this  diameter  should  be   slightly   increased 

(10)   Uniform  designations  for  the  four  principal  types 

of  sprockets  shall  be 

Type  A — Plain-plate 
Type  B— Single-hub 
Type  C— -Double-hub 
Type  D — Detachable-hub 

THE  DISCUSSION 

W.  F.  Cole:— The  first  four  sections  of  the  report 
provide  for  a  slight  revision  of  the  formulas  and  dimen- 
sions that  have  already  appeared  in  the  S.A.E. Handbook. 
(5)   is  really  a  corollary  of   (8). 

(6)  and  (7),  regarding  certain  dimensions  of  cutters, 
also  follow  as  a  corollary  to  (8)  and  if  that  is  adopted 
they  would  naturally  also  be  adopted.  The  tables  simply 
list  the  dimensions  that  are  worked-out  from  the  dia- 
grams. 

(8)  is  in  some  respects  the  most  important  of  all.  Re- 
cently the  Society  adopted  some  standard  tooth-forms 
that  were  published  in  the  S.A.E.  Handbook  on  pp.  E4a 
and  E5.  Very  careful  consideration  was  given  to  the 
working  portions  of  the  tooth  and  no  material  change  in 
them  is  desirable.  The  height  of  the  tooth,  however, 
which  is  a  rather  inconsequential  element,  was  originally 
set  somewhat  arbitrarily,  with  the  result  that  in  working- 
up  the  cutter  designs  in  detail  it  was  found  that  the 
height  of  tooth  first  adopted,  while  readily  produced  with 
single-purpose  cutters,  restricted  the  use  of  certain  hobs 
and  cutters  that  it  was  desired  to  make  to  cover  more 
than  a  single  pitch  as  well  as  a  range  of  teeth. 

Having  found  also  that  the  formula  which  we  had 
adopted,  and  which  was  published  in  the  S.A.E.  Hand- 
book, for  laying-out  teeth,  does  not  readily  lend  itself  to 
practical  use,  we  have  taken  the  opportunity  when  re- 
vising the  height  of  the  tooth  to  simplify  the  formula. 

(9)  is  also  really  a  corollary  of  the  preceding  sections. 

(10)  is  a  uniform  designation  for  the  four  principal 
types  of  sprocket;  Type  A — plain-plate,  Type  B — single- 
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hub,  Type  C — double-hub,  and  Type  D — detachable-hub. 
This  is  included  in  the  report  for  the  sake  of  uniformity 
in  specifying  these  various  forms. 

ELECTRIC  VEHICLE  DIVISION  REPORT 

Electric-Vehicle  Motor  Rating 

(December  issue  of  The  Journal,  p.  535) 

THE  DISCUSSION 

E.  L.  Clark  : — The  recommendation  of  the  Electric 
Vehicle  Division  with  regard  to  the  rating  of  electric- 
vehicle  motors  was  prepared  to  place  all  motors  of  dif- 
ferent makes  on  the  same  rating  basis.  It  is  based  on 
the  standards  of  the  American  Institute  of  Electrical 
Engineers  for  the  type  of  motor  under  consideration, 
the  only  difference  therefrom  being,  as  noted  in  the  last 
paragraph  of  the  report,  that  the  time  specification  has 
been  changed  to  a  4-hr.  from  a  continuous  basis,  and  the 
words  "at  normal  rated  load"  added  at  the  end  of  the 
second  paragraph. 

ELECTRICAL  EQUIPMENT  DIVISION  REPORT 
Before  presenting  this  report,  F.  W.  Andrew,  chair- 
man of  the  Division,  stated  that  the  Division  meetings 
had  been  unusually  well  attended  during  the  past  year. 
At  least  two  of  the  very  large  manufacturers  who  had 
not  had  members  present  heretofore  had  found  that 
they  could  not  afford  not  to  be  represented  at  the  meet- 
ings. 

Generator  Flange  Mountings 

(December  issue  of  The  Journal,  p.  536) 

THE  DISCUSSION 

Leonard  Ochtman,  Jr.  : — I  do  not  know  to  what  extent 
lock-washers  are  used  under  the  shaft  nuts.  In  many 
cases  an  S.A.E.  Standard  plain-washer  3/32  in.  thick 
would  be  used  and  the  shaft  should  be  extended  1/32  in. 
so  that  the  unit  will  not  project  beyond  the  end  of  the 
thread. 

F.  W.  Andrew: — In  that  connection  we  were  careful 
to  canvass  the  gear  and  engine  manufacturers.  They 
told  us  that  the  shaft  should  not  be  even  1  32  in.  longer. 
The  lock-washer  shown  is  a  standard.  Some  sort  of  a 
bearing  under  the  nut  is  necessary,  probably  in  the  form 
of  a  washer.  It  was  the  unanimous  opinion  of  the  Divi- 
sion, representing  practically  all  the  larger  electrical 
manufacturers,  that  this  is  a  very  good  standard. 

E.  W.  Weaver: — Is  not  the  plain  washer  thinner  in  all 
cases  than  the  lock-washer  for  the  same  inside  diameter, 
and  would  not  this  overcome  the  restriction? 

R.  S.  Burnett: — There  are  three  series  of  lock- 
washers;  special-light,  regular  and  special-heavy.  The 
special-washer  for  this  size  has  the  same  light  thickness 
as  the  plain  washer.  The  regular  and  special-heavy  lock- 
washers  are  considerably  thicker. 

Edward  Wallace: — I  notice  that  the  difference  be- 
tween D  and  E  is  about  1/32  in.  If  the  7/32-in.  dimen- 
sion to  the  cotter-pin  hole  were  used,  would  the  pin  fit 
properly  into  the  nut? 

Mr.  Andrew: — Yes.  The  reason  for  the  7  32  in. 
dimension  is  that  every  manufacturer  without  exception 
will  want  a  center-hole  in  the  shaft-end.  It  is  not  de- 
sirable to  break  through  in  drilling  the  cotter-pin  holes 
because  this  breaks  the  drills.  This  point  has  been  pro- 
vided for  and  carefully  checked. 

Spark-Plugs 

(December  issue  of  The  Journal,  p.  537) 

THE  DISCUSSION 

Mr.  Andrew. — This  report  on  spark-plugs  was  sub- 
mitted to  the  Electrical  Equipment  Division  by  a  Sub- 


division of  which  0.  C.  Rohde  was  chairman.  It  was  well 
thought  out.  At  our  Division  meeting  we  spent  con- 
siderable time  discussing  it  and  finally  accepted  it  as  now 
submitted. 

Earle  Buckingham  : — Are  the  threads  at  the  base  of 
the  spark-plugs  the  same  as  specified  in  the  former 
standard  or  have  the  tolerances  been  changed  to  agree 
with  the  National  Screw  Thread  Commission  tolerances 
for  that  size? 

0.  C.  Rohde: — After  the  meeting  of  the  Electrical 
Equipment  Division  there  was  received  a  report  on 
thread  tolerance  from  the  Screw-Threads  Division, 
which  was  approved  by  letter-ballot,  but  is  being  held 
pending  final  settlement  by  the  National  Screw  Thread 
Commission,  and  a  Sectional  Committee,  sponsored  by 
the  Society  and  the  American  Society  of  Mechanical 
Engineers,  which  is  reviewing  the  Commission's  report. 

Charles  M.  Manly: — What  is  the  relative  amount  of 
production  in  this  Country  of  the  two-piece  spark-plugs 
of  the  7s-in.  size  thread,  for  which  I  understand  this  en- 
largement is  principally  needed?  It  seems  to  me  that 
this  is  a  very  important  matter  because  of  the  question 
of  there  being  so  many  spark-plugs  standards  requiring 
as  many  different  sizes  of  wrench.  This  is  one  of  the 
matters  that  has  been  taken  up  by  Secretary  Hoover's 
Division  of  Simplified  Practice  to  reduce  waste.  This 
proposed  change,  if  made,  may  result  in  simply  adding 
another  size,  because  I  question  very  seriously  whether 
the  people  who  make  spark-plugs  of  the  one-piece  type 
will  really  change  over.  There  are  thousands  of  users 
already  equipped  with  spark-plug  wrenches  that  fit  the 
%-in.  hex.  If  we  make  this  change  we  will  have  to 
answer  to  the  public. 

Mr.  Rohde  : — We  have  gone  into  this  matter  very  care- 
fully. Ever  since  the  %-im  hex  standard  was  adopted 
by  the  Society  the  production  of  the  two-piece  plug,  which 
requires  a  larger  hex-size,  has  been  about  60  per  cent  of 
the  total  production.  That  means  that  the  7s-in.  hex  has 
never  really  become  the  general  standard. 

The  present  inside  dimensions  of  both  the  two-piece 
and  the  one-piece  spark-plugs  have  been  used  for  the  last 
10  years.  A  change  from  a  15/16-in.  to  a  7s-in.  hex  is 
impossible  in  the  two-piece  construction  with  the  estab- 
lished inside  dimensions  for  the  gasket  and  porcelain. 
On  the  other  hand,  a  change  from  a  15/16-in.  to  a  %-in. 
hex  in  the  one-piece  plugs  requires  only  a  resetting  of  the 
milling  cutters.  Both  types  are  made  from  the  same  size 
stock,  which  measures  1%  in.  on  the  outside.  The  dif- 
ference in  the  actual  clearance  with  the  two  hex-sizes 
amounts  to  about  1/16  in.  on  the  diameter  across  the 
corners. 

Some  argument  has  been  advanced  that  we  need  a 
smaller  hex-size  because  of  the  decreased  clearances  be- 
tween the  cylinders  of  some  engines.  When  we  come  to 
that  we  will  need  a  new-size  plug  with  a  hex  and  a  thread- 
size  smaller  than  the  present  standard.  We  are  limited 
now  by  the  outside  diameter  of  the  gasket,  which  was 
standardized  at  1V8  in.  for  the  7s-in.  thread.  In  fairness 
to  the  two-piece  spark-plug  manufacturers  we  should 
change  this  standard.  There  are  two  points  to  be  con- 
sidered in  this  connection;  efficiency  as  affecting  inter- 
changeability  and  fairness  to  the  majority  of  the  trade. 
I  believe  that  the  15/16-in.  hex  in  all  types  of  plug  will 
make  a  better,  more  efficient  plug  because  it  is  less  sus- 
ceptible to  wrench-strain,  and  it  will  make  it  possible 
for  the  two-piece  spark-plug  manufacturers  to  make  an 
S.A.E.  Standard  plug  without  having  to  revolutionize 
their  business. 

Mr.  Manly: — Figuring  on  the  basis  that,  of  5,000,000 
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or  more  cars,  40  per  cent  are  at  present  using  the  %-in. 
standard,  something  like  2,000,000  wrenches  would  be 
immediately  junked  if  the  hex  is  changed.  I  hold  no  brief 
for  the  manufacturers  of  either  the  one-piece  or  the  two- 
piece  plug,  but  1  am  interested  in  the  effect  on  the  users 
who  exist  to  the  extent  of  some  2,000,000  at  least,  and 
are  equipped  with  the  %-in.  wrenches.  I  do  not  like  to 
see  the  Society  complicate  the  situation  by  adding  to  the 
so-called  waste.  I  happen  to  be  on  a  committee  that  was 
appointed  to  cooperate  with  Secretary  Hoover  in  his 
prevention-of-waste  program.  It  does  not  put  us  in  a 
good  position  to  have  to  go  before  this  committee  and 
say  that  we  have  scrapped  2,000,000  wrenches. 

Mr.  Rohde: — The  one-piece  spark-plug  makers  pro- 
duce a  large  volume  of  plugs  with  15/16-in.  hex  because 
there  is  a  big  demand  for  them.  The  one-piece  plug  with 
the  Ts-in.  hex  is  required  on  very  few  cars.  There  is 
only  one  car  that  makes  it  necessary  to  use  the  %-in.  hex. 
There  are  a  few  cars  with  close  clearances,  on  which  a 
15/16-in.  hex  plug  can  be  used  without  any  particular 
trouble.  I  do  not  believe  we  are  going  wrong  in  this 
change  because  we  are  decidedly  doing  something  that 
will  benefit  the  majority. 

Mr.  Andrew: — Seven-eighth-in.  two-piece  plugs  are 
being  made.  They  probably  constitute  20  per  cent  of  the 
production  of  that  type  of  plug.  I  believe  that  Marmon, 
Overland,  Oldsmobile  and  probably  some  others  are  using 
it.  Their  tappet-rods  are  so  close  together  that  they 
claim  they  cannot  use  a  wrench  that  will  take  the  15/16- 
in.  plugs. 

I  feel  that  the  trend  of  development  of  two-piece  plugs 
is  toward  the  15/16  in.  If  we  are  to  set  a  standard  at 
all,  it  ought  to  be  15/16  rather  than  %  in.  Sooner  or 
later  we  will  have  to  set  a  new  standard  for  a  smaller 
plug  in  all  dimensions. 

A.  D.  T.  Libby: — I  believe  that  those  who  are  now 
making  7s-in.  plugs  will  still  continue  to  make  them,  and 
that  nothing  we  can  do  in  the  way  of  standardization  will 
ever  change  the  trend  so  far  as  the  manufacture  of  the 
%-in.  plug  is  concerned.  There  is  a  demand  for  the 
15  16-in.  plugs  and  a  satisfactory  two-piece  plug  cannot 
be  made  with  a  7s-in.  hex.  That  has  been  well  considered 
and  set  forth  in  The  Journal.  Getting  a  well-made  two- 
piece  plug  of  the  smallest  dimensions  possible,  resolves 
itself  into  establishing  the  15/16-in.  hex  standard. 

I  do  not  see  that  the  question  of  wrenches  enters  into 
materially.  We  have  7s-in.  plugs  in  use  and  wrenches 
have  been  provided.  The  manufacturers  who  make  Ts-in. 
plugs  will  continue  to  furnish  the  wrenches  with  those 
plugs  and  those  who  make  the  15/16-in.  hex  plug  will 
furnish  wrenches,  but  gradually  more  and  more  of  the 
15/16-in.  plugs  will  be  made. 

Mr.  Manly: — If  this  were  a  new  proposition  and  we 
were  trying  to  decide  whether  to  make  the  plugs  %  or 
15/16  in.,  I  would  be  thoroughly  in  favor  of  the  point  of 
view  that  has  been  expressed.  The  Society  has  had  a 
standard  for  a  number  of  years.  Now  we  propose  to 
substitute  the  15/16-in.  standard  for  it,  throwing  all  the 
former  product  into  the  scrap-heap,  wrenches  and  all. 

In  view  of  the  statement  that  sometime  in  the  future 
there  may  have  to  be  still  another  and  smaller  standard 
plug,  it  seems  to  me  that  a  wiser  move  would  be  for  the 
Society  to  have  two  standards,  one  for  %  and  the  other 
for  15/16-in.  plug. 

Mr.  Rohde: — For  years  we  have  had  two  standard 
spark-plug  sizes,  7/s  and  iy8  in.  Then  we  adopted  the 
metric  size.  In  spite  of  the  fact  that  those  three  sizes 
have  been  standardized,  60  per  cent  of  all  the  plugs  made 
during  that  time  have  been  15/16-in.  hex,  which  was  not 


standardized.  Shall  we  continue  a  standard  just  because, 
as  a  matter  of  sentiment,  we  feel  we  ought  to,  or  shall  we 
specify  the  one  that  meets  the  majority  of  requirements 
and  is  really  wanted  by  the  trade?  We  will  have  two 
sizes,  the  15  16  and  l's  in.  The  question  of  a  still 
smaller  standard  plug  is  entirely  a  matter  of  the  future. 
Spark-plug  manufacturers  do  not  want  it  because  it 
limits  their  working  clearances.  The  car  and  engine  de- 
signers may  drive  us  to  it  eventually.  We  can  wait  until 
they  do.    We  hope  that  they  never  will. 

ENGINE  DIVISION  REPORT 

Flywheel  Housings 

(December  issue  of  The  Journal,  p.  538) 

THE  DISCUSSION 

J.  B.  Fisher: — There  has  been  a  demand  for  some 
time  for  something  in  the  standard  for  flywheel  housing 
limiting  the  space  for  the  flywheel  bolts  and  nuts.  It 
was  proposed  last  year  that  a  clearance  space  6%  in.  in 
diameter  and  %  in.  deep  be  provided.  This  was  later 
changed  to  6V2  in.  in  diameter,  but  was  referred  back  to 
the  Division  because  it  was  too  limiting  on  the  clutch 
design.  Joint  consideration  by  the  Engine  and  the 
Transmission  Divisions  resulted  in  the  recommendation 
now  presented,  which  makes  no  reference  to  the  diam- 
eter and  therefore  does  not  limit  the  clutch  design. 

IRON  AND  STEEL  DIVISION  REPORT 

Iron  and  Steel  Specifications 

(December  issue  of  The  Journal,  p.  539) 

THE  DISCUSSION 

F.  P.  Gilligan: — The  report  of  the  Iron  and  Steel 
Division  is  more  or  less  confirmatory  of  editorial  re- 
visions that  seemed  desirable.  From  time  to  time  re- 
quests are  received  to  recognize  compositions  varying 
slightly  from  the  S.A.E.  Standard  compositions.  In  view 
of  the  fact  that  our  standard  compositions  cover  a 
majority  of  automotive  requirements,  the  Division  felt 
that  it  would  be  best  to  amplify  the  S.A.E.  Standard  for 
Iron  and  Steel  Specifications  by  the  inclusion  of  the  pro- 
posed sentence  in  the  first  paragraph  of  Part  I,  p.  Dl  of 
the  S.A.E.  Handbook. 

With  regard  to  the  second  proposal,  all  the  other  steels 
in  the  3100  group  have  a  sulphur  limit  of  0.045  per  cent 
and  this  report  is  simply  to  confirm  a  sulphur  limit  of 
0.045  per  cent  for  steel  No.  3115,  instead  of  0.040  per 
cent. 

LIGHTING  DIVISION  REPORT 

Electric  Incandescent  Lamps 

(December  issue  of  The  Journal,  p.  539) 

the  discussion 

Hugh  M.  Pierce  : — Has  there  been  any  recommenda- 
tion with  reference  to  the  marking  of  incandescent  lamps 
to  indicate  their  rated  candlepower? 

W.  A.  McKay: — It  is  standard  manufacturing  practice 
to  have  lamps  marked  as  to  their  candlepower. 

Tail-Lamp   and   Registration   Number-Plate 

Illumination 

(Proposed  S.A.E.  Recommended  Practice) 

At  a  joint  meeting  held  last  June  of  members  of  the 
Illuminating  Engineering  Society's  Committee  on  Motor 
Vehicle  Lighting,  and  the  Lighting  Division  of  the  So- 
ciety of  Automotive  Engineers,  a  representative  of  the 
State  of  Massachusetts  asked  the  two  Societies  to  pre- 
pare standard  rear  registration   number-plate   illumina- 
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tion  specifications  for  motor  vehicles.  A  joint  subcom- 
mittee was  thereupon  appointed  which  studied  this  mat- 
ter carefully  and  gathered  necessary  information.  The 
subcommittee  held  a  meeting  in  New  York  City  on  Dec. 
28  at  which  the  subject  and  the  accumulated  information 
were  reviewed  and  the  proposed  specification  drafted  for 
tail-lamp  illumination  of  registration  plates  and  recom- 
mendations made  regarding  the  design  of  registration 
plates.  These  were  considered  at  a  joint  meeting  of  the 
Motor  Vehicle  Lighting  Committee  of  the  Illuminating 
Engineering  Society  and  the  Lighting  Division  on  the 
day  following  and  revised  somewhat.  In  view  of  the  fact 
that  the  legislatures  of  most  States  will  convene  within 
the  next  60  or  90  days  and  probably  consider  or  enact 
legislation  controlling  tail-lamp  illumination,  it  was  the 
sense  of  the  joint  meeting  that  the  proposed  specification 
should  be  officially  approved  by  the  two  Societies  without 
delay. 

Immediately  following  the  joint  session,  the  Lighting 
Division  held  a  meeting  at  which  the  action  of  the  sub- 
committee and  of  the  joint  meeting  of  the  Committees 
of  the  two  Societies  was  approved  and  it  was  unanimously 
voted  to  recommend  the  following  for  adoption  as  S.A.E. 
Recommended  Practice. 


TAIL-LAMP 


AND    REGISTRATION 
ILLUMINATION 


NUMBER-PLATE 


Introduction. — These  specifications  are  intended  to 
apply  only  to  the  illumination,  by  electric  lamps,  of 
opaque  registration  number-plates  for  use  on  automo- 
biles, trucks,  tractors  and  motorcycles. 

Tail-La mp. — A  lighting  unit  used  to  indicate  the 
rear  end  of  a  vehicle  by  a  ruby  light  and  to  illuminate 
the   registration    number-plate. 

Wherever  reference  is  made  in  these   Specifications 
to  the   registration   number-plate   it   designates   a   rec- 
tangle 16  in.  long  and  6%    in.  wide  designed   to  bear  - 
the  registration  numbers,  and  located  1/16  in.  in  front 
of  the  plane  of  the  front  face  of  the  plate-holder. 

General  Construction. — The  opening  in  the  lamp 
through  which  the  light  passes  tc  the  registration  num- 
ber-plate shall  be  covered  with  colorless  glass  and 
shall  be  sufficiently  large  so  that  the  light  will  cover 
the  entire  surface  of  the  plate. 

The  lamp  and  the  plate-holder  shall  bear  such  rela- 
tion to  each  other  that  the  major  portion  of  the  light 
incident  at  any  point  on  the  registration  number-plate 
shall  make  an  angle  of  not  less  than  eight  deg.  with 
the  plane  of  the  plate. 

The  lamp  shall  be  weatherproof  and  dustproof  and 
so  constructed  as  to  withstand  the  shocks  and  vibra- 
tion to  which  it  is  ordinarily  subjected  in  use. 

Laboratory  Test 

Samples  for  Test. — The  samples  submitted  shall  be 
l-epresentative  of  the  lamp  as  manufactured  and  as 
marketed,  and  shall  include  the  bracket  to  which  the 
registration   number-plate   is  to  be  attached. 

Marks  of  Identification. — Each  lamp  submitted  must 
bear  a  distinctive  designation  prominently  and  perma- 
nently indicating  the  name  or  type  of  the  lamp. 

If  the  registration  number-plate  holder  is  detachable 
from  the  lamp,  it  shall  bear  the  same  distinctive  name 
or  mark  as  the  lamp. 

Incandescent  Lamps. — Incandescent  lamps  used  in 
connection  with  the  laboratory  test  shall  be  of  2  cp., 
6  to  8-volt  rating,  and  of  standard  manufacture  for 
automotive  service.  They  shall  be  operated  at  2 
mean  spherical  cp.  during  the  test.  In  the  case  of  tail- 
lamps  involving  the  use  of  special  incandescent  lamps, 
such  incandescent  lamps  shall  be  submitted  together 
with  any  necessary  accessories. 

Illumination  Test — The  lamp  and  registration  num- 


ber-plate holder  which  is  included  with  the  sample  sub- 
mitted shall  be  tested,  using  an  incandescent  lamp  as 
provided  above.  The  apparent  illumination  as  meas- 
ured on  white  blotting  paper  shall  not  be  less  than  0.5 
foot-candle  at  any  point  on  the  registration  number- 
plate.  The  ratio  of  maximum  to  minimum  illumination 
shall  not  exceed  30.     - 

Requirements  for  Acceptance. — No  lamp  shall  be 
considered  acceptable  unless  it  conforms  with  the  re- 
quirements for  measured  illumination  and  the  ruby 
light  is  visible  for  a  distance  of  at  least  500  ft. 

No  lamp  shall  be  considered  acceptable  that  is  found 
unsatisfactory  for  any  of  the  following  reasons:  un- 
stable or  bad  mechanical  construction;  unduly  dark  or 
bright  areas  or  excessive  contrast  in  the  illumination 
on  the  registration  number-plate;  cut-off  of  illumina- 
tion within  IY2  in.  of  the  plate  measured  perpendicu- 
larly to  the  plane  of  the  plate  at  the  edge  farthest  from 
the  light  source. 

Proposed  General  Information 

It  was  felt  that  inasmuch  as  the  character  of  the 
registration  plates  is  an  important  factor  affecting  the 
illumination  specifications,  the  following  should  accom- 
pany the  proposed  specifications  as  General  Informa- 
tion: 

Whereas,  the  laws  of  the  various  States  re- 
quire that  the  rear  registration-plates  of  motor 
vehicles  be  illuminated  so  that  they  are  legible 
at  a  distance  of  approximately  60  ft.,  and 

Whereas,  it  is  impossible  to  accomplish  the 
proper  illumination  of  the  registration  plates  with 
the  present  lighting  equipment,  and 

Whereas,  the  various  motor-car  builders  and 
the  manufacturers  of  lighting  equipment  need  a 
definite  standardization  of  registration  plates  to 
comply  with  these  laws,  and 

Whereas,  the  color  combinations,  size  of  plate, 
size  of  stroke  and  spacing  are  of  vital  importance, 
therefore  be  it 

Resolved,  it  is  the  sense  of  this  joint  meeting 
of  the  Lighting  Committee  of  the  Illuminating 
Engineering  Society  and  the  Society  of  Automo- 
tive Engineers  that  no  specification  for  lighting 
the  registration  plate  can  be  practically  applied 
unless  there  is  a  reasonable  standardization  of 
registration  plates  as  regards 

(1)  Maximum   dimensions   of   the   area  to 
be  illuminated 

(2)  Design  and  spacing  for  digits 

(3)  Color  contrast 

The  joint  committees  further  suggest  that  such  stand- 
ardization might  be  approximately  as  follows: 

(1)  The  area  to  be  illuminated  to  be  included  in 
a  rectangle  not  larger  than  6y2  x  16  in. 

(2)  The  design  and  spacing  of  digits  to  be  such 
that 

(a)    The  stroke  will  not  be  wider  than  %  in. 
(6)    The    spacing   between    strokes    not    less 
than   V2  in. 

(c)  A  space  of  not  less  than  %  in.  will  be 
provided  between   each  third   digit 

(d)  The  opening  in  such  figures  as  3,  6,  9 
and  5  will  be  kept  wide  so  as  to  avoid 
confusion  between  them  or  with  the 
figure  8 

(e)  The  colors  will  be  so  selected  as  to 
secure  high  contrast  between  the  numer- 
als and  the  background 

It  was  also  the  sense  of  the  joint  meeting  of  the  two 
Committees  that  the  proposal  should  be  submitted  to 
the  Motor  Vehicle  Conference  Committee  and  that  that 
Committee  should  give  the  proposal  wide  publicity  and 
urge  the  Conference  of  Motor  Vehicle  Administrators 
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to  give  it  its  support  towards  adoption  by  all  the  States 
of  uniform  legislation. 

It  was  furthermore  the  sense  of  the  joint  meeting 
that  the  Society  of  Automotive  Engineers  should  be 
requested  to  continue  work  on  the  formulation  of  stand- 
ard registration  number-plate  and  bracket-mounting 
dimensions  and  mechanical-strength  specifications. 

LUBRICANTS   DIVISION   REPORT 
Crankcase  Lubricating  Oils 

This  report,  which  was  printed  on  p.  540  of  the  De- 
cember issue  of  The  Journal,  was  revised  by  omitting 
the  Explanatory  Grade-Names,  which  were  referred  back 
to  the  Division;  adding  "Cleveland  Open  Cup"  to  Flash- 
points; "Tests  shall  conform  to  the  methods  of  the 
American  Society  for  Testing  Materials;  and  changing 
"Average  Saybolt  Viscosity"  to  read  "Average  Viscosity, 
Saybolt  Universal." 

THE  DISCUSSION 

K.  G.  Mackenzie: — Certain  changes  in  the  specifica- 
tions that  were  made  last  November  were  not  important 
so  far  as  the  specifications  were  concerned,  and  involved 
chiefly,  I  believe,  extending  the  color  scale  so  that  color 
determinations  might  be  made  on  all  grades  of  oil.  How- 
ever, radical  changes  were  made  in  the  explanatory  grade- 
names.  For  instance,  Specification  No.  40,  which  at  the 
September  meeting  of  the  Division  was  agreed  upon  as 
Heavy,  became  Medium;  Specification  No.  50,  which  was 
Extra  Heavy,  became  Heavy;  and,  most  serious  of  all, 
Specification  No.  60,  which  was  Extra,  Extra  Heavy,  be- 
came Heavy. 

The  first  problem  in  automotive  lubrication  was  the 
selection  of  proper  lubricants.  A  number  of  the  larger 
companies  have  grades  that  have  been  advertised  and 
sold  for  a  long  time  as  light,  medium  and  heavy.  The 
new  grading  would  seriously  change  this  practice.  It 
seems  to  me  that  what  the  Society  desires  is  first  that 
the  oil  companies  recommend  oils  according  to  certain 
S.A.E.  Specification  Numbers  and  then  that  the  petroleum 
refiners  state  in  their  advertising  and  on  their  cans  that 
their  trade-names  and  grades  correspond  to  certain 
S.A.E.  numbers.  Of  course,  there  is  a  difference  of 
opinion  as  to  what  are  light,  medium  or  heavy  oils,  but 
it  would  be  a  serious  thing  for  the  Society  to  state 
definitely  that  a  given  oil  is  light,  medium  or  heavy,  if 
the  statement  did  not  agree  with  the  majority  of  trade 
practices. 

As  a  member  of  the  Lubricants  Division,  I  feel  that 
not  enough  work  has  been  done  by  the  Society  to  deter- 
mine what  oils  should  be  classified  as  light,  medium,  heavy 
or  extra  heavy.  It  is  important  to  include  some  sort  of 
explanatory  grade-names  in  the  specifications,  but  it  is 
unfair  to  ask  the  manufacturers  to  make  changes  to  con- 
form to  the  grades  that  we  may  select  today. 

I  would  like  to  recommend  action  that  would  not  meet 
the  situation  entirely  but  I  think  improve  it  by  chang- 
ing No.  40  from  medium  to  heavy,  and  No.  60  from  heavy 
to  extra  heavy,  to  bring  the  explanatory  grade-names 
more  into  line  with  the  present  grading  practice  and  pro- 
vide for  two  light,  two  medium,  two  heavy,  and  four 
extra-heavy  oils. 

Mr.  Manly: — It  seems  to  me  that  this  report  should 
be  adopted  as  S.A.E.  Recommended  Pi'actice  and  its  pro- 
visions tried  out  for  a  reasonable  length  of  time  before 
adopting  it  as  S.A.E.  Standard.  I  therefore  move  that 
it  be  approved  for  adoption  as  S.A.E.  Recommended 
Practice.     [The  motion  was  seconded.] 

J.  W.  Stack  : — No  standards  have  been  established  in 
the  oil  business  as  to  what  constitutes  a  medium,  a  heavy 


or  an  extra-heavy  oil.  One  refiner's  heavy  oil  may  be 
another's  medium  grade.  However,  in  the  Mountain  and 
the  Central  Western  States  heavy  oils  of  the  most  popu- 
lar brands  today  have  over  500-sec.  viscosity  at  100  deg., 
which  would  bring  them  into  the  60  class  at  210  deg. 
The  extra-heavy  oils,  including  those  for  motorcycles  and 
tractors,  have  about  100-sec.  viscosity  at  210  deg.  For 
many  years  we  have  been  marketing  extra-heavy  oils  of 
about  100-sec.  viscosity  at  210  deg.  and  I  think  that  an 
oil  of  60-sec.  viscosity  at  210  deg.  should  not  be  known 
as  an  extra-heavy  oil. 

H.  C.  Mougey: — For  a  long  time  the  Division  did  not 
recommend  the  use  of  explanatory  grade-names,  but  there 
seemed  to  be  an  insistent  demand  that  some  sort  of  de- 
scriptive names  be  coupled-up  with  the  specification  num- 
bers since  so  many  people  are  in  the  habit  of  referring 
to  oils  only  as  light,  medium,  heavy  and  extra-heavy. 
We  found  that  it  was  impossible  to  assign  a  definite 
name,  such  as  light,  medium  or  heavy,  to  a  definite  specifi- 
cation, and  the  groups  into  which  we  classified  the  sev- 
eral oils,  light,  medium,  heavy  and  extra-heavy,  were  the 
best  compromise  we  could  make  inasmuch  as  the  oil  in- 
dustry itself  had  not  standardized  on  the  viscosities  of 
oils  that  are  sold  under  the  different  classes. 

Mr.  Mackenzie:— In  regard  to  Mr.  Stack's  remarks, 
I  would  say  that  the  Texas  Co.  has  marketed  to  its  entire 
satisfaction  an  extra-heavy  oil  that  corresponds  to  the 
proposed  S.A.E.  No.  60.  Of  course,  this  is  a  naphthene- 
base  oil.  I  think  that  the  general  classification  followed 
by  the  Texas  Co.  is  followed  almost  unanimously  by  those 
firms  which  market  naphthene-base  oils. 

I  would  like  to  offer  an  amendment  to  the  motion, 
changing  the  explanatory  grade-name  of  No.  40  from 
Medium  to  Heavy,  and  of  No.  60  from  Heavy  to  Extra 
Heavy,  because  I  think  some  of  the  companies  would  like 
to  tell  the  public  now  to  just  which  of  the  S.A.E.  Specifi- 
cations they  will  conform.     (This  motion  was  seconded.) 

Chairman  E.  A.  Johnston: — Is  that  amendment  ac- 
ceptable to  you,  Mr.  Manly? 

Mr.  Manly: — I  confess  that  I  do  not  know  very  much 
about  oils  technically  but,  to  bring  the  matter  to  an  issue, 
I  accept  the  amendment.  [The  amendment  was  accepted 
by  the  seconder  of  the  original  motion.] 

H.  S.  Pierce: — If  some  confusion  will  be  brought  about 
by  changing  the  names  now  being  used,  why  not  simply 
use  grade  numbers? 

Mr.  Mougey:— That  was  the  intention  of  the  Lubri- 
cants Division  for  some  time,  because  the  oil  industry  is 
not  agreed  on  names  that  correspond  to  the  different 
viscosities;  but,  as  there  was  such  a  demand  that  names 
of  a  more  or  less  descriptive  nature  be  included  in  the 
specifications,  this  system  was  presented  as  a  way  of 
meeting  this  requirement  without  upsetting  the  commer- 
cial practices  that  differ  among  companies. 

W.  H.  Herschel: — There  are  two  conflicting  points  of 
view  that  the  Division  has  endeavored  to  reconcile.  One 
is  that  of  the  refiners  who  have  certain  brands  of  oil  on 
the  market  which  they  do  not  want  to  change.  The  other 
is  that  we  want  to  help  the  purchasing  agents  who  are 
accustomed  to  buying  oils  by  certain  names  and  desig- 
nations of  light,  medium  and  heavy.  We  wish  to  avoid 
definitely  naming  specific  classes  of  oils,  so  as  not  to  limit 
the  refiners.  But  to  omit  entirely  any  descriptive  names 
would  leave  purchasing  agents,  who  are  unfamiliar  with 
classification  by  viscosities,  entirely  at  a  loss  when  buy- 
ing different  grades  of  oil. 

I  believe  that  the  strictness  with  which  these  specifi- 
cations are  intended  to  tie  a  certain  explanatory  trade- 
name to  an   oil   of  a   certain  viscosity   has   been   over- 
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emphasized.  The  explanatory  grade-names  in  reference 
to  specific  oils  are  merely  given  as  a  guide  to  purchasing 
agents  as  to  approximately  which  grade  of  oil  they  may 
expect  to  be  satisfactory  for  their  particular  use.  If  it  is 
felt  that  the  report  implies  that  a  definite  specification- 
number  should  go  with  a  definite  explanatory  grade- 
name,  the  grade  names  might  be  omitted  and  a  state- 
ment made  that  in  general  such  and  such  specification- 
numbers  correspond  approximately  to  such  and  such  an 
explanatory  name. 

Mr.  Stack  : — I  believe  the  point  that  we  have  been 
discussing  is  relatively  an  oil-man's  marketing  problem 
and  really  not  an  engineering  one.  The  report  should 
be  adopted  as  it  stands  inasmuch  as  the  nomenclature 
was  approved  by  the  Division  after  a  thorough  survey  of 
existing  oils  on  the  market. 

Mr.  Mackenzie: — At  the  conference  in  the  City  of 
Washington  on  Nov.  13  the  matter  was  referred  to  a 
Committee  of  three,  one  representing  the  American 
Petroleum  Institute,  one  the  Society  of  Automotive  Engi- 
neers and  one  the  Inter-Departmental  Specifications  Com- 
mittee. A  majority  report  and  a  minority  report  were 
made  on  behalf  of  this  Committee.  The  majority  report, 
made  by  the  two  first-named  members,  approved  the  pro- 
posed grade-names;  the  minority  report  practically  ap- 
proved the  old  classifications. 

Mr.  Herschel: — As  I  recollect  the  matter,  the  minor- 
ity report  was  in  favor  of  using  a  different  standard  of 
tests  for  oils  and  did  not  really  have  a  bearing  in  this 
connection,  because  it  did  not  consider  any  system  of 
names  for  the  particular  specification-numbers  given  in 
the  Division  report. 

H.  L.  Pope  : — What  we  need  most  is-  definitions  as  to 
what  these  grade-names  mean.  I  do  not  see  how  it  will 
be  possible  to  satisfy  all  concerned  until  those  definitions 
are  agreed  upon.  I  would  like  to  suggest  that  the  grade- 
names  be  eliminated  from  the  report  and  referred  back 
to  the  Division  to  prepare  definitions  for  them. 

Chairman  Johnston: — The  motion  before  you  is  to 
approve  for  adoption  as  S.A.E.  Recommended  Practice 
the  report  as  submitted,  leaving  out  the  descriptive 
names  and  including  references  to  the  Open  Cup  and  the 
American  Society  for  Testing  Materials  methods  of 
testing. 

[The  motion  was  carried.] 

NOMENCLATURE  DIVISION  REPORT 

Automobile  Nomenclature 
(December  issue  of  The  Journal,  p.  541) 

THE  DISCUSSION 

Mr.  Pope: — To  make  much  headway  in  its  work  the 
Nomenclature  Division  requires  considerable  time  on  ac- 
count of  the  large  scope  and  vast  amount  of  detail  in- 
volved. The  main  accomplishment  during  1922  was  to 
lay  down  a  plan  that,  if  properly  carried  out,  will  even- 
tually give  us  a  pretty  complete  nomenclature,  covering 
all  branches  of  the  automotive  industries.  After  the  plan 
had  been  determined,  an  organization  was  gotten  to- 
gether which  in  the  main  has  been  gathering  data  that 
should  result  in  some  fairly  complete  recommendations 
during  1923.  The  subdivisions  appointed  are  working 
on  nomenclatures  for  Aeronautics,  Highway  Transport, 
Power  Farming,  Motor  Transport,  Motorcycles,  Station- 
ary Engine  Operation  and  Industrial  Service. 

The  Nomenclature  Division  report  at  this  time  recom- 
mends that  the  present  Differential  Nomenclature,  in- 
cluded in  Division  12,  Group  4,  of  the  present  S.A.E. 
Standard   for  Automobile   Nomenclature,   be   revised   as 


outlined  by  the  Subdivision  and  approved  by  the  Gear 
Manufacturers'  Association. 

PARTS  AND  FITTINGS  DIVISION  REPORT 

Plain  Washers 

{December  issue  of  The  Journal,  p.  541) 

THE  DISCUSSION 

Mr.  Andrew: — In  looking  over  the  tolerance  allowed 
on  the  thicknesses,  it  seems  to  me  that  ±0.010  in.  is 
pretty  liberal  on  a  washer  1  32  in.  thick. 

F.  G.  Whittington  : — We  did  not  think  that  tolerance 
could  do  any  harm,  and  certainly  it  would  be  less  re- 
strictive. 

Mr.  Andrew: — What  material  may  these  washers  be 
made  of? 

Mr.  Whittington: — Usually  of  scrap  stock,  or  stock 
that  is  not  held  very  close  to  nominal  thickness. 

STORAGE  BATTERY  DIVISION  REPORT 
Rating  of  Storage-Batteries  for  Isolated  Electric- 
Lighting  Plants 

At  the  Standards  Committee  Meeting  the  Division  pre- 
sented a  revised  report  in  place  of  that  printed  on  p.  545 
of  the  December  issue  of  The  Journal.  The  revised  re- 
port is  printed  below  in  full. 

RATING     OF     STORAGE-BATTERIES     FOR    ISOLATED     ELECTRIC- 
LIGHTING  PLANTS 

(1)  Lead-acid  storage-batteries  for  isolated  electric 
lighting-plant  service  shall  have  two  ratings,  a  con- 
tinuous rating  and  an  intermittent  rating.  The  ratings 
shall  be  determined  at  an  initial  electrolyte-tempera- 
ture of  80  deg.  fahr.  and  be  based  on  a  final  voltage 
of  not  less  than  1.75  volts  per  cell. 

(2)  Continuous  Rating. — The  continuous  rating 
shall  be  the  capacity  in  ampere-hours  of  the  battery 
when  it  is  discharged  continuously  at  the  8-hr.  rate. 

(3)  Intermittent  Rating. — The  intermittent  rating 
shall  be  the  capacity  in  ampere-hours  of  the  battery 
when  it  is  discharged  intermittently  over  a  period  of 
72  hr.  The  standard  test  to  determine  this  capacity 
shall  be  as  follows: 

Discharge  at  a  current  rate  equal  to  1/24  of 
the  intermittent  ampere-hour  rating  of  the  bat- 
tery for  an  initial  period  of  4  hr.,  followed  by  a 
16-hr.  rest;  then  discharge  at  the  same  rate  for 
two  8-hr.  periods,  each  followed  by  a  16-hr.  rest, 
and  for  a  final  discharge  period  of  4  hr. 

The  rest  periods  are  arranged  so  as  to  avoid 
night  work  when  the  test  is  begun  at  noon. 

(4)  Except  for  the  final  voltage  per  cell,  the  ratings 
apply  to  nickel-iron  batteries  as  well  as  to  lead-acid 
batteries. 

(5)  Both  ratings  should  be  cataloged  in  the  follow- 
ing form : 

S.A.E.  Ampere-Hour  Capacity  Rating:  100-140: 
The  first  number  represents  the  capacity  based  on 
the  continuous  rating  and  the  second  number  the 
capacity  based  on  the  intermittent  rating. 

THE  DISCUSSION 

W.  E.  Holland: — The  rating  of  storage-batteries  for 
isolated  electric-lighting  plants  has  been  under  animated 
discussion  for  the  last  4  years.  After  a  number  of  meet- 
ings of  the  Isolated  Electric-Lighting  Plant  Division,  the 
Society  adopted  a  72-hr.  intermittent  rating  but,  as  this 
did  not  prove  satisfactory  to  the  Farm  Lighting-Plant 
group  of  the  National  Gas  Engine  Association  or  to  a 
large  number  of  the  manufacturers,  the  Division  of  the 
Standards  Committee  attempted  to  standardize  an  8-hr. 
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continuous  method  of  rating.  This  also  met  with  con- 
siderable opposition  and  the  work  came  to  a  deadlock. 
There  seemed  to  be  no  way  out  until  the  subject  was  re- 
cently reassigned  by  the  Council  to  the  Storage-Battery 
Division,  and  we  decided  that  the  only  standard  that 
could  be  recommended  at  this  time  is  a  double  standard. 
This  was  done,  after  very  careful  consideration  of  the 
history  of  the  work,  by  unanimous  vote  of  the  members 
of  the  Division. 

As  there  was  a  slight  objection  to  some  of  the  wording 
of  its  recent  report,  the  Division  met  this  morning  and 
came  to  a  decision  as  to  how  the  final  recommendation 
should  read. 

Storage-Battery  Monobloc  Containers 

This  recommendation,  which  was  printed  on  p.  545  of 
the  December  issue  of  The  Journal,  was  revised  by 
changing  the  last  line  under  "Height  from  Top  of  Ribs 
to  Top  of  Container"  to  read  "Maximum  variation  of 
different  compartments  of  the  same  container,  1  32  in." 

TRANSMISSION    DIVISION    REPORT 

Clutch   Facings 

The  caption  under  the  cut  on  p.  546  of  the  December 
issue  of  The  Journal  should  read  "Proposed  Dimensions 
for  Clutch-Facing  and  Rivet  Holes,"  and  the  fifth  line  of 
the  indented  paragraph  in  the  second  column  should  read 
"the  rivet-hole  sizes"  instead  of  "the  rivet  sizes." 

TRUCK  DIVISION  REPORT 

Before  presenting  the  recommendations  of  the  Divi- 
sion for  consideration  by  the  meeting,  F.  A.  Whitten, 
chairman  of  the  Division,  reviewed  briefly  what  had  been 
accomplished  in  the  past  6  months.  He  said  among  other 
things 

The  Truck  Division  this  year  has  endeavored  to  fol- 
low the  practice  of  last  year's  Division,  which  seemed 
very  commendable,  by  concentrating  on  the  things  that 
we  thought  could  be  done.  We  carefully  studied  all 
the  subjects  that  were  referred  to  us,  and  by  a  process 
of  elimination  finally  decided  to  disregard  certain  sub- 
jects because  they  were  not  important,  or  it  did  not 
seem  possible  to  formulate  standards  for  them  at  the 
time. 

There  are  only  two  important  subjects  in  progress,  I 
believe,  before  the  Division.  The  first  is  power  takeoff 
shaft-ends,  which  is  in  the  hands  of  a  Subdivision  for 
circularization  and  a  report. 

The  other  very  important  subject  which  is  still  before 
the  Division  is  that  of  motor-truck  ratings,  so-called. 
The  name  is  rather  indefinite.  The  subject  was  assigned 
as  a  special  one  to  the  Division  because  there  seemed 
to  be  no  doubt  that  in  the  licensing  of  trucks  to  operate, 
the  Motor  Vehicle  Commissioners  of  the  various  States 
would  be  guided,  to  an  extent  that  they  never  had  been 
guided  before,  by  the  detailed  construction  and  the 
safety  of  the  trucks  in  operation.  There  are  various 
reasons  for  this,  some  pertaining  to  highways  and  others 
to  the  safety  of  other  vehicles  on  the  highways.  A 
number  of  suggestions  were  made  as  to  the  nature  of 
possible  recommendation  and  the  matter  referred  to  a 
Subdivision  that  has  worked  with  the  National  Auto- 
mobile Chamber  of  Commerce  and  other  organizations 
interested  in  the  subject.  This  was  advisable  because 
there  are  considerations  more  vital  in  some  ways  to  the 
manufacturers  than  the  engineering  ones. 

It  seemed  at  one  time  that  the  matter  involved  finding 
some  way  of  regulating  and  registering  the  capacity 
of  trucks  and  the  strength  of  certain  elements,  such  as 
axles,  steering-gears  and  brakes,  but  procedure  in  this 
direction  did  not  prove  very  practical.     The  subject  is  a 


large  one  and  we  can  only  report  progress  at  this  time. 
As  a   result  of  concentration  on   a   few  subjects  the 
Division  has  made  only  three  recommendations. 

Vertical  Dumping-Hoist  Platforms 

(December  issue  of  The  Journal,  p.  546) 

THE  DISCUSSION 

F.  A.  Whitten: — The  first  of  our  recommendations  is 
on  vertical  dumping-hoist  platforms;  that  is,  the  sub- 
structure on  which  vertical  hoists  of  the  hydraulic, 
screw-operated  and  plunger  types  are  mounted  on  the 
chassis  frame.  This  subject  was  taken  up  because 
various  companies,  in  mounting  the  hoists,  drill  all  sorts 
of  holes  in  the  frame,  which  results  in  weakening  and 
sometimes  the  failure  of  this  member. 

It  was  originally  intended  to  recommend  certain  stand- 
ard dimensions,  but  this  was  not  feasible  because  of  the 
possibly  necessary  variation  between  designs. 

Body  Hold-Down  Clamps 
(December  issue  of  The  Journal,  p.  547) 

the  discussion 

Mr.  Whitten:— In  connection  with  the  subject  of 
Body  Hold-Down  Clamps,  there  has  been  a  demand  from 
various  sources  for  improved  methods  of  mounting 
bodies  on  chassis.  Bodies,  in  the  majority  of  cases,  are 
not  supplied  by  the  truck  builders  and  all  sorts  of  means 
have  been  used  for  fastening  them  down.  This  has 
caused  all  of  us  more  or  less  trouble. 

UNACCEPTED  RECOMMENDATION 

BALL  AND  ROLLER  BEARINGS  DIVISION 

Metric-Type  Thrust  Ball-Bearings 

(December  issue  of  The  Journal,  p.  531) 

THE  DISCUSSION 

F.  W.  Gurney: — There  has  been  considerable  discus- 
sion regarding  this  matter  of  metric  bearing-sizes.  We 
all  know  that  there  is  great  opposition  throughout  the 
Country  to  the  general  adoption  of  the  metric  system 
that  has  been  dragged  into  this  matter.  I  hope  there 
will  be  a  general  expression  of  opinion  and  a  clearing- 
up  of  misunderstanding  on  the  subject  at  this  time  and 
I  will  ask  H.  E.  Brunner  to  make  the  report  for  the  Sub- 
division, as  D.  F.  Chambers,  who  is  its  chairman,  is  not 
present. 

H.  E.  Brunner: — Approximately  a  year  ago,  the  Ball 
and  Roller  Bearings  Division  appointed  a  Subdivision  to 
undertake  the  standardization  of  metric-type  thrust  ball- 
bearings by  bringing  the  various  manufacturers  into 
agreement  on  definite  sizes  of  bearings.  This  neces- 
sarily involved  making  concessions,  and  in  this  manner 
the  dimensions  of  the  thrust  bearings  as  given  in  the 
report  were  selected. 

The  problem  was  one  of  getting  the  exterior  dimensions 
agreed  upon,  the  bores  being  practically  standard  at  the 
time.  While  this  is  a  proposed  new  standard,  it  is  not 
necessarily  a  new  series  of  bearings  nor  a  new  group  of 
bearings.  It  antedates  the  so-called  inch-dimension 
standard  of  today  and,  so  far  as  the  metric  phase  of  the 
situation  is  concerned,  I  do  not  see  why  it  should  neces- 
sarily stand  in  the  way  of  the  adoption  of  a  standard 
for  a  class  of  bearings  that  has  been  so  generally  used. 
This  standard  would  make  it  better  for  the  manufac- 
turers by  eliminating  the  difference  existing  in  bearings 
of  corresponding  sizes. 

J.  T.  R.  Bell: — It  seems  to  me  that  in  view  of  the 
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opposition  the  matter  should  be  postponed.  There  are 
many  arguments  for  and  against,  and  the  subject  ought 
to  be  threshed  out  more  thoroughly. 

Mr.  Andrew: — Are  not  the  bearings  of  this  type  we 
are  now  using  predominatingly  in  metric  sizes? 
Mb.  Brunner: — Yes. 

Mr.  Andrew  : — My  company  uses  both  metric  and  inch- 
size  bearings.  We  find  no  difficulty  whatever  in  putting 
inch-size  balls  into  metric-size  bearings.  I  think  the 
matter  should  be  carried  at  this  time  in  favor  of  the 
metric  bearings  as  they  are  already  a  standard  in  our 
Handbook  insofar  as  the  ranges  of  sizes  and  tolerances 
are  concerned. 

Mr.  Manly: — In  the  consideration  of  this  thrust- 
bearing  proposition  before  the  Division,  the  most  im- 
portant point  was  that  we  could  not  get,  apparently,  any 
real  information  on  what  is  the  general  attitude  of  the 
American  manufacturer  toward  the  metric  sizes.  Those 
of  us  who  have  spent  considerable  time  on  this  subject 
certainly  urge  that  those  here  today  speak  freely  on  this 
whole  question  so  we  can  get  some  idea  of  what  the  gen- 
eral attitude  of  the  automotive  industry  is.  We  are 
bound  to  have  metric  thrust-bearings  in  aeronautical 
work  and  it  will  be  very  important  to  have  the  bearings 
interchangeable,  but  that  will  represent  a  small  portion 
of  the  total  automotive  use  of  thrust  bearings  at  least 
for  the  next  few  years  and  I  think  it  is  not  important 
from  the  point  of  view  of  the  total  automotive  production. 
R.  G.  Cornforth: — The  view  of  our  company  on  the 
matter  is  that  of  the  thrust  ball-bearings  used,  the  inch 
sizes  are  by  far  in  the  majority. 

It  seems  that  it  has  been  the  practice  of  the  Society 
to  standardize  in  inch  dimensions  and  to  avoid,  if  pos- 
sible, all  metric  dimensions ;  in  fact,  the  standards  for 
American  automobiles  are  almost  entirely  in  inches.  It 
has  been  the  practice  in  international  work  for  the  coun- 
try that  leads  in  the  production  of  any  article  to  take 
the  lead  in  setting  a  standard.  Surely,  there  is  no  ques- 
tion that  the  United  States  is  far  in  the  lead  in  the  auto- 
motive and  the  machine-tool  industries.  From  these 
standpoints  alone,  I  think  it  is  reasonable  to  think  that 
it  would  be  a  step  backward  to  standardize  in  metric 
dimensions. 

There  was  some  thought  during  the  war  that  we  needed 
standardization  in  inch  dimensions  due  to  the  fact  that 
in  the  construction  of  airplanes  we  were  unable  to  obtain 
bearings  of  foreign  manufacture  which  were  in  metric 
dimensions.  This  confused  the  matter,  and  we  had  to 
make  our  own  bearings.  We  were  building  planes  to 
meet  the  demand  overseas,  the  parts  being  interchange- 
able with  the  parts  used  there.  However,  airplanes  are 
practically  a  new  proposition.  Inasmuch  as  they  will  be 
developed  extensively  in  the  years  to  come,  let  us  star: 
this  bearing  standardization  right,  and  in  the  inch 
system. 

Mr.  Gurney: — Referring  to  one  point  that  Mr.  Corn- 
forth  brought  out,  there  is  no  intent  to  supersede  the 
present  inch  standard1  that  has  existed  for  several  years. 
The  standard  that  is  now  proposed  is  one  that  is  natur- 
ally based  upon  the  old  millimeter  standard  and  has 
equivalents  in  inch  dimensions.  It  might  be  mentioned 
that  converting  millimeters  to  inches  gives  figures  in 
decimals  that  naturally  have  to  be  used  in  the  produc- 
tion of  anti-friction  bearings.  This  proposed  standard 
goes  hand-in-hand  with  what  may  sooner  or  later  be  an 
international  standard  because  at  the  present  time  con- 
siderable work  is  going  on  in  that  direction. 


"See  S.  A.  E.  Handbook,  pp.  C35  to  C39. 


Mr.  Manly  : — This  matter  is  of  much  more  importance 
than  the  mere  discussion  of  the  thrust  bearings  them- 
selves. For  more  than  2  years  a  joint  committee  spon- 
sored by  the  American  Society  of  Mechanical  Engineers 
and  this  Society  has  been  working  on  this  proposition  in 
connection  with  the  Swedish  and  German  committees. 
0.  Wikander,  a  member  of  this  committee,  is  now  in 
Europe  getting  further  data. 

I  accepted  membership  on  this  committee  largely  to 
see  whether  or  not  there  is  any  possibility  of  interna- 
tional standardization.  If  we  can  not  agree  on  inter- 
national standards  in  connection  with  ball  bearings, 
there  is  no  possibility  of  international  cooperation  in 
the  matter  of  standardization.  If  it  wei-e  a  proposal 
in  connection  with  threads  or  gears  I  feel  it  would  be 
absolutely  hopeless,  because  there  are  measurements  in- 
volved that  cannot  be  converted;  there  can  be  no  inter- 
changeability  of  either  gears  or  screw  threads. 

As  to  ball  bearings,  we  have  the  annular  series,  which 
are  so  extensively  used  that  I  imagine  no  one  would 
favor  such  a  handicap  on  industry  as  the  abandonment 
of  their  metric  sizes.  This  matter  of  thrust  bearings 
brings  up  the  question  whether  we  shall  have  two  stand- 
ards, an  English  and  a  metric,  for  thrust  bearings,  so 
that  there  can  be  some  guide  toward  eventual  interna- 
tional standardization,  or  the  Society  shall  take  the  lead 
in  being  absolutely  opposed  to  any  attempt  to  bring 
about  international  standardization  of  products? 

This  is  a  very  big  and  important  matter  and  should 
not  be  simply  thrown  back  into  the  Committee's  hands. 
We  have  been  trying  to  ascertain  the  sentiment  of  the 
American  industries  on  it,  and  do  not  want  it  settled 
merely  on  the  basis  of  an  international  exchange-rate 
or  by  a  League  of  Nations.  We  should  have  a  free  ex- 
pression of  opinion  as  to  whether  the  Society  is  ready 
today  to  say  that  this  one  recommendation,  which  is  the 
most  likely  of  any  I  know  of  to  be  carried  through 
as  a  matter  of  international  standardization,  shall  be 
adopted,  or  we  shall  reject  it  and  say  that  henceforth 
it  will  be  of  no  use  to  talk  about  international  standard- 
ization. 

President  B.  B.  Bachman: — I  can  readily  under- 
stand that  there  is  some  demand  for  the  metric-size 
thrust-bearing,  for  the  reason  that  in  automotive  ap- 
paratus, and  possibly  other  apparatus,  it  is  used  in  con- 
junctioa  with  metric-size  annular-bearings.  Naturally, 
measuring  instruments  and  tools  can  be  interchanged 
readily  if  the  dimensions  are  similar.  On  the  other 
hand,  there  has  arisen  a  large  usage  of  the  inch-size 
bearings,  probably  in  connection  with  plain  bearings 
"  and  plain  journals  and  that  in  this  connection  the  inch 
sizes  would  be  most  logical. 

We  always  have  a  difficult  problem  when  a  large  body  of 
experienced  men  attempts  to  divert  by  arbitrary  action 
the  course  that  experience  has  pointed  out.  We  have  among 
our  present  standards  illustrations  of  attempts  to  create 
standards  that  in  themselves  were  logical  and  defensi- 
ble, but  that,  through  commercial  restriction,  have  never 
come  into  usage.  This  is  a  phase  of  the  problem  that 
we  should  consider  very  seriously. 

The  minority  report  printed  on  p.  535  of  the  December 
issue  of  The  Journal  relates  in  large  part  to  the  division 
of  opinion  regarding  inch  and  metric  dimensions,  but  it 
contains  also  the  statement  that  some  of  the  sizes  pre- 
sented can  be  criticized  from  a  design  standpoint.  In  my 
estimation  that  is  considerably  more  serious  than  whether 
the  bearings  are  in  metric  or  inch  dimensions. 

As  a  matter  of  the  Society's  procedure,  this  is  one  of 
the   cases    in   which    complete    discussion    in    Standards 
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Committee  meetings  is  advisable.  Whatever  the  out- 
come of  our  discussion  may  be,  I  thoroughly  believe 
that  where  a  logical  division  of  opinion  exists  among 
competent  minds  on  a  subject  of  this  character,  action 
should  be  delayed  until  an  agreement  can  be  reached, 
irrespective  of  the  merits  of  the  two  sides  of  the  case. 

Finally,  I  do  not  believe  we  will  ever  have  adequate 
standards  action  by  a  majority  vote;  it  should  be  by 
practically  unanimous  consent. 

Mr.  Pope: — There  is  no  question  but  we  should  try 
to  use  the  inch  measurements  in  all  our  work,  but  those 
who  expect  to  get  foreign  business  under  present  cir- 
cumstances, in  some  cases  at  least,  must  compete  with 
the  foreign  dimensions.  If  we  want  to  sell  in  South 
America,  for  instance,  or  if  any  foreign  country  goes 
into  South  America  with  its  goods,  it  must  use  the 
metric  system  unless  there  is  sufficient  merit  in  the 
article  made  to  inches  to  compete  with  the  metric  arti- 
cle made  in  foreign  countries. 

We  are  building  the  Wright  Hispano  engine,  which 
resulted  from  our  building  the  French  engines  for  the 
French  Government,  and  have  been  using  metric  meas- 
urements. We  are,  however,  designing  our  new  engines 
in  inch  measurements,  including  the  ball-bearings.  But 
we  might  get  a  sufficient  order  from  some  foreign  coun- 
try to  make  it  advisable  to  continue  to  build  interchange- 
ably with  the  French  Hispano,  the  English  Hispano  and 
the  Spanish  Hispano.  I  can  conceive  of  a  ball-bearing 
manufacturer  in  this  Country  becoming  so  efficient  in 
the  production  of  ball  bearings  that  he  could  compete 
with  a  foreign  manufacturer,  but  in  so  doing  he  would 
have  to  supply  the  ball  bearings  that  the  foreign  market 
wants.  Unless  we  can  convince  such  a  market  that  the 
inch  is  the  right  standai'd,  it  will  want  the  metric  stand- 
ard. 

Can  we  not  state  in  our  standards  that  it  is  desirable 
and  recommended  that,  so  far  as  possible,  American 
manufacturers  design  their  product  to  English  measure- 
ments for  ball  bearings,  but  that  wherever  a  manufac- 
turer is  forced  to  make  metric  ball-bearings  he  should 
follow  the  metric  standard? 

Earle  Buckingham  : — As  I  understand  it,  these 
metric  thrust-bearings  have  the  same  bores  and  outside 
diameters  as  the  metric  radial  bearings  that  we  already 
have.  I  see  no  reason  why  the  question  of  metric  versus 
inch  measurements  should  enter  at  all.  I  think  there  are 
not  many  here  who  would  care  to  see  the  inch  system  of 
measurement  abandoned  entirely  in  favor  of  the  metric. 
Neither  do  I  see  how  the  adoption  of  a  series  of  thrust 
bearings  like  this  would  lead  us  in  any  way  to  that  step. 
If  we  have  a  series  of  radial  bearings  and  we  wish  to 
use  thrust  bearings  in  conjunction  with  them,  it  is  es- 
sential that  we  have  the  proper  bearings  to  do  so. 

I  understand  that  these  metric  bearings  are  not  pro- 
posed to  the  exclusion  of  the  present  standard  of  inch- 
type  bearings  that  was  formulated  by  the  Ball  and 
Roller  Bearings  Division  some  years  ago  for  use  where 
the  inch  sizes  are  preferable.  I  think  the  question 
should  be  decided  solely  on  its  own  merits;  if  there  is 
sufficient  demand  for  thrust  bearings  of  these  general 
dimensions,  I  see  no  reason  why  we  should  not  adopt 
them. 

Mr.  Gurney: — It  should  be  understood  that  it  is  not 
the  function  of  the  Standards  Committee  to  create  new 
standards  that  it  can  force  on  the  industry.  What  we 
ought  to  arrive  at  today  is  the  facts  as  to  what  bear- 
ings of  this  type  are  at  present  being  used  or  will  be 
used. 

There   has   been   in   existence   for  years    a   series    of 


thrust  bearings  in  inch  sizes.  This  new  line  that  the 
Subdivision  has  worked  out  is  merely  to  recognize 
standards  that  are  already  in  existence  and  use.  That  Is 
all  the  Standards  Committee  can  do,  practically,  any- 
way. We  cannot  reach  up  into  the  air  and  draw  out 
standards  that  we  can  compel  the  industry  to  use. 

It  should  be  borne  in  mind  that  all  the  bearings 
originally  laid  out  in  the  metric  sizes,  such  as  the  an- 
nular bearing  sizes,  are  being  used  and  applied  prac- 
tically universally  throughout  the  industry  in  inch  di- 
mensions. 

I  do  not  know  of  a  single  company  in  this  Country 
that  deals  with  these  dimensions  in  metric  terms,  as 
the  limits  and  tolerances  are  universally  expressed  in 
inch  dimensions,  usually  in  decimals  carried  out  to  the 
fourth  place.  The  common  limit  of  measurement 
throughout  the  industry  is  what  we  usually  call  the 
tenth,  meaning  0.0001  in. 

It  is  unfortunate  for  us  that  the  original  annular 
sizes  that  were  established  in  Germany  nearly  20 
years  ago  were  metric  sizes.  It  would  be  fine  if  all 
of  this  could  be  wiped  out  and  we  could  start  anew 
with  the  knowledge  and  experience  we  now  have.  We 
could  avoid  considerable  trouble. 

The  geometric  progression  of  sizes  is  ideal  and  I 
wish  it  could  be  adopted,  but  this  is  practically  impossi- 
ble. It  would  mean  the  carrying  along  of  two  inde- 
pendent standards  for  a  long  time  until  one  or  the  other 
should  become  obsolete.  We  know  that  the  intervals 
between  the  sizes,  the  5-mm.  intervals  on  the  bore  and 
the  10-mm.  intervals  on  the  outside,  are  too  great  on 
the  smaller  sizes,  but  they  are  all  right  on  the  larger 
sizes.  We  very  much  wish  that  they  might  be  changed 
to  a  geometric  progression  but  none  of  us  feels  that 
we  can  afford  to  establish  new  sizes  and  double  our 
whole  equipment  of  jigs,  fixtures,  dies  and  gages. 

Mr.  Bell: — I  am  not  opposed  to  either  one  standard 
or  the  other.  This  matter,  as  it  now  stands,  is  a  com- 
mercial one  entirely.  The  five  or  six  companies  making 
ball  bearings  in  metric  sizes,  who  are  the  older  and  were 
until  a  few  years  ago  the  larger  firms,  are  in  the  ma- 
jority on  the  Standards  Committee.  One  or  two  other 
companies  are  making  by  far  the  larger  number  of  these 
thrust  bearings  which  are  used  in  steering-gears  and 
clutches  on  practically  every  type  of  car;  and  so  far  as 
I  can  find  out  they  are  made  in  three  to  four  times  the 
number  of  the  metric  type. 

This  particular  metric  type  of  bearing  has  been  in  ex- 
istence in  these  sizes  from  16  to  20  years,  the  same  length 
of  time  as  the  annular  bearings,  and  is  used  by  the 
majority  of  manufacturers. 

Mr.  Libby: — I  want  to  emphasize  very  strongly  Mr. 
Bachman's  thought  that  when  we  adopt  standards  we 
ought  to  have  a  practically  unanimous  vote.  I  have 
been  on  one  of  the  Divisions  for  the  last  6  or  7  years 
and  I,  too,  have  become  convinced  that  that  ought  to 
be  the  rule. 

It  seems  that  there  is  a  great  difference  of 'opinion 
on  this  thrust-bearing  subject  and  that  it  ought  to  be 
referred  back  to  the  Division  for  further  consideration 
and  accumulation  of  data,  with  possibly  consultation 
with  the  Aeronautic  Division.  I  gather  from  the  dis- 
cussion that  the  percentage  of  these  bearings  in  pro- 
duction is  rather  small.  No  great  harm  can  be  done 
by  laying  this  matter  over  pending  further  development. 

D.  F.  Chambers  :— As  we  all  know,  the  metric  system 
of  bearings  was  inherited  from  Europe,  particularly  in 
the  annular-bearing  sizes.  I  do  not  know  exactly  where 
the    demand    came   from    for   these   metric-size    thrust- 
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bearings,  except  that  they  have  been  made  in  this  Coun- 
try for  about  15  years. 

Our  company  must  use  both  the  inch  and  the  metric 
systems  on  account  of  the  demand.  I  was  unable  to 
gather  very  definitely  in  our  18  months'  work  just  ex- 
actly what  the  requirements  are  in  the  number  of  sizes, 
or  in  quantity  production,  but  certain  sizes,  mostly  of 
the   double-direction   type,   are   in   considerable   demand. 

With  regard  to  whether  the  containers  would  have 
sufficient  strength  when  using  the  larger  diameters  of 
ball  with  the  proposed  outside  diameters  of  bearing,  it 
has  been  agreed  that  the  cage  designs  would  be  suf- 
ficiently strong.  We  used  about  10  different  companies' 
lists  of  bearings  and  from  them  worked  up  a  compromise 
in  sizes  in  the  proposed  standardization. 

There  was  brought  up  at  our  meetings  the  matter  of 
trying  to  standardize  ball  sizes.  That  is  really  impossi- 
ble because  the  ball  sizes,  as  well  as  the  number  of  balls 
used,  vary  between  makes  and  designs.  Our  only  object 
in  proposing  the  adoption  of  a  standard  is  to  establish 
the  boundary  or  volumetric  dimensions. 

Mr.  Manly: — This  project  did  not  grow  out  of  the 
air.  At  least  four  companies  have  been  listing  metric- 
type  thrust-bearings  for  many  years.  We  had  consid- 
erable trouble  in  getting  thrust-bearings  for  our  air- 
planes in  1915  and  1916  when  the  submarine  campaign 
was  shutting  off  importations  pretty  extensively.  We 
had  built  a  number  of  engines  at  Buffalo  at  the  Curtiss 
plant  that  were  designed  to  use  S  K  F  thrust-bearings. 
The  submarines  got  some  of  the  ships  that  were  bring- 
ing the  bearings  over  and  our  whole  production  was 
held  up.  We  had  to  procure  substitutes.  We  found  that 
no  two  companies  listing  these  metric-type  thrust-bear- 
ings were  working  to  the  same  dimensions.  We,  there- 
fore, had  to  take  some  that  were  over-size  and  have 
them  reground  as  the  quickest  way  to  meet  the  situa- 
tion. 

That  impressed  on  me  the  importance  of  the  American 
manufacturers  and  the  American  engineering  societies 
cooperating  with  the  Europeans  in  trying  to  bring  some 
order  out  of  the  chaos  that  exists  at  the  present  time 
due  to  the  lack  of  standardization  for  these  thrust- 
bearings.  We  are  not  trying  to  force  upon  the  American 
manufacturer  the  substitution  of  metric  thrust-bearings 
for  the  inch  thrust-bearings;  nor  do  we  recommend  the 
use  of  one  as  opposed  to  the  other. 

There  is,  has  been  and  no  doubt  will  continue  to  be 
a  certain  demand  for  metric-type  thrust-bearings.  This 
report  is  simply  an  attempt  to  get  those  manufacturers 
in  this  Country  who  list  metric-type  thrust-bearings  to 
do  two  things:  to  come  together  and  adopt  a  standard 
to  which  they  will  all  work,  and  to  try  to  get  such  a 
standard  lined-up  with  the  work  that  is  being  done  in 
Germany,  Sweden  and  the  other  countries  that  are  using 
the  metric  standard.  When  we  do  adopt  some  standard 
it  should  harmonize  with  the  largest  number  of  foreign 
standards  and  prevent  at  any  time  such  trouble  as  has 
arisen  before. 

I  am  very  sure  that  there  will  continue  to  be  in  avia- 
tion work  a  strong  demand  for  the  continuance  of  the 
metric-type  thrust-bearings. 

Mr.  Cornforth  : — Let  us  not  forget  that  we  are  lead- 
ing in  the  building  of  automobiles;  our  product  is  widely 
used  abroad  in  preference  to  foreign  makes.  When  will 
the  time  be  that  American  labor  conditions  will  be  such 
that  we  can  meet  competition  with  foreign  labor?  That 
is  the  chief  thing  that  brings  the  cost  of  bearings  up 
today.  It  seems  to  me  that  a  metric  standard  would 
encourage  importation  and  disrupt  our  market. 


C.  T.  Myers: — This  Country  not  only  produces  from 
80  to  90  per  cent  of  the  automobiles  in  the  world  but  it 
will  sell  them  all  over  the  world.  We  are  very  much  con- 
cerned not  only  in  the  building  of  these  automobiles  but 
in  the  servicing  of  them.  Our  products  will  have  to  meet 
competition  abroad  first  as  American  cars,  trucks  and 
tractors,  and  then  as  individual  machines. 

It  is  of  vast  importance,  considering  the  fact  that  the 
English  dimensions  are  universally  used  in  our  own 
manufacturing,  that  we  have  first  at  least  an  English 
standard  which  will  be  in  a  proper  ratio  for  various  appli- 
cations, because  it  is  inconceivable  that  all  the  different 
automobile  and  truck  companies  will  maintain  service- 
stations  throughout  the  world  where  they  can  service 
every  part  of  their  own  cars.  We  must  come  down  to  the 
point  where,  by  proper  organization,  a  central  warehouse 
can  carry  parts  for  practically  all  American  cars. 

I  think  that  is  the  viewpoint  we  should  bear  in  mind 
in  this  situation.  We  will  have  to  fight  for  foreign  trade. 
We  ought  to  have  standards  that  are  our  own,  that  con- 
form with  our  own  tool  equipment,  our  own  manufac- 
turing methods.  If  the  English-dimension  series  of 
thrust-bearing  standards  is  not  what  it  ought  to  be  at 
present,  the  Division  should  undertake  that  piece  of  con- 
structive work.  If  after  that  there  is  a  demand  for 
metric-size  thrust-bearings  in  this  Country,  they  should 
consider  and  submit  such  a  standard  because  we  should 
never  again  be  in  the  position  to  which  Mr.  Manly  re- 
ferred of  having  to  depend  on  a  foreign  manufacturer  to 
furnish  even  the  metric-size  thrust-bearings  that  we  may 
need. 

Mr.  Gurney: — It  seems  to  me  that  this  matter  nar- 
rows right  down  to  the  question  of  whether  the  demand 
for  these  metric  sizes  is  large  enough  and  of  sufficient 
importance  for  us  to  recognize  it  as  a  standard. 

Mr.  Pierce: — Mr.  Manly  spoke  regarding  the  inter- 
national standardization  aspect  of  this  case.  I  think 
that  every  time  we  attempt  international  standardization 
the  problem  of  whether  it  shall  be  expressed  in  metric  or 
inch  dimensions  will  come  up.  If  we  accept  and  put  on 
our  records  standards  in  the  metric  dimensions,  it  will 
in  a  way  strengthen  the  other  fellow's  side  of  the  case  in 
the  majority  of  instances.  If  we  make  and  use  our 
products  almost  exclusively  in  inch  sizes  and  if  we  pre- 
dominate in  the  production  of  any  article,  it  seems  to  me 
the  inch  sizes  should  be  used. 

Chairman  Johnston: — This  matter  has  been  dis- 
cussed thoroughly  enough  for  us  to  make  some  decision. 
There  is  a  motion  before  you,  which  has  been  seconded, 
that  the  proposed  metric  series  of  thrust  bearings  be 
adopted. 

[A  count  of  those  voting  in  favor  of  and  against  the 
motion  was  taken] 

Chairman  Johnston: — The  motion  is  lost. 

Mr.  Manly: — I  move  that  this  matter  be  referred 
back  to  the  Division  that  originally  submitted  it. 

[The  motion  was  seconded] 

George  R.  Bott: — The  Ball  and  Roller  Bearings  Di- 
vision has  been  functioning  for  about  8  years,  and 
considerable  has  been  done  in  the  standarization  of  bear- 
ings. The  standardization  of  inch-size  thrust-bearings 
was  accomplished  after  much  work  and  the  question  of 
metric-size  thrust-bearings  has  been  before  the  Division 
for  about  5  years. 

After  studying  it  we  realized  that  there  is  very  little 
objection  to  a  metric  standard  for  the  reason  that  those 
who  desire  inch-size  thrust-bearings  can  certainly  obtain 
them,  and  if  there  is  a  demand  for  1,000,000  or  2,000,000 
bearings   that   demand   should  be  filled.     The   standard- 
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ization  of  these  metric-size  thrust-bearings  is  not  a  ques- 
tion of  whether  we  wish  to  use  metric  sizes  or  inch  sizes, 
but  a  question  of  standardizing,  making  a  fewer  number 
of  types  or  varieties  of  metric  sizes.  Of  five  makes  of 
metric  bearing,  the  sizes  of  which  deviate  possibly  1  or 
2  mm.,  the  bores  are  strikingly  standard,  and  the  out- 
side diameters  vary  little.  The  differences  are  largely 
in  the  heights. 

The  effort  in  this  work  has  been  to  standardize  on  a 
few  sizes  of  metric  thrust-bearing  so  that  they  will  all 
be  alike.  That  has  its  great  advantages.  It  is  not  a 
question  of  placing  the  metric-size  bearings  before  the 
manufacturers  and  demanding  that  they  be  used;  it  is 
a  question  of  standardization  by  trying  to  eliminate  large 
numbers  of  sizes. 

It  has  been  stated  that  the  automobile  industry  de- 
sires inch-size  thrust-bearings.  That  is  true  and  it 
should  be  so.  There  are,  however,  demands  for  metric 
thrust-bearings,  chiefly  in  the  tool  industry,  and  we  are 
proceeding  in  the  proper  way  if  we  standardize  so  that 
the  user  could  get  the  same  bearings  from  one  or  a  half 
dozen  different  manufacturers.  It  is  not  a  question  of 
using  the  metric  system;  it  is  not  a  question  of  using  the 
inch  system.  All  designers  have  a  right  to  use  what- 
ever they  please.  The  machine-tool  industry  uses  a  great 
many  metric  size  S.  A.  E.  Standard  radial  annular-bear- 
ings, and  metric  thrust-bearings. 

Speaking  from  the  standards  point  of  view,  we  desire 
the  reduction  of  the  large  number  of  sizes  so  that  the 
manufacturers  who  make  metric  thrust-bearings  will 
have  a  minimum  standard  to  work  to  for  the  future. 
Then  the  man  who  decides  to  use  metric  bearings  for  one 
reason  or  another  will  have  a  chance  of  getting  a  par- 
ticular size  from  one  or  a  half  dozen  sources. 

To  those  who  think  that  they  will  be  handicapped  by 
another  standard  of  thrust-bearings,  I  want  to  say  that 
it  will  not  affect  them.  It  will  permit  the  Standards 
Committee  to  bring  together  the  odd  sizes,  and  to  do  its 
standardization  work  properly.  It  will  enable  each  manu- 
facturer of  bearings  to  make  the  sizes  that  are  in  de- 
mand; it  will  enable  the  manufacturers  of  inch  thrust- 
bearings  to  make  as  many  as  they  care  to  make  and, 
likewise,  it  will  enable  the  manufacturers  of  metric 
thrust-bearings  to  standardize  on  one  set  of  sizes  so  that 
they  can  supply  their  demand. 

Chairman  Johnston: — Gentlemen,  it  has  been  moved 
and  seconded  that  this  subject  be  referred  back  to  the 
Division. 

[The  motion  was  carried  | 

PROGRESS  REPORTS 

In  addition  to  the  various  recommendations  that  were 
discussed  and  voted  on  at  the  meeting  of  the  Standards 
Committee,  two  progress  reports  were  presented.  One  of 
these  reports,  that  of  the  Axle  and  Wheels  Division  on 
Differentia's,  with  such  discussion  as  followed  its  sub- 
mission, is  printed  below.  The  other  report  on  Motor- 
Truck  Cabs  that  was  presented  by  the  Truck  Division 
was  printed  on  p.  547  of  the  December  issue  of  The 
Journal.  The  remarks  made  by  F.  A.  Whitten,  chair- 
man of  the  Division,  in  submitting  the  report  are  printed 
below. 

AXLE  AND  WHEELS  DIVISION 

Differentials 

For  some  time  there  has  been  a  feeling  that  differ- 
entials  should  be   standardized.     This   has   resulted    in 

2The   tentative    recommendation   of   the   Subdivision    will  be 
found  on  p.   124  of  the  January  issue   of  The  Journal. 


the  appointment  of  a  Differential  Subdivision  of  the 
Axle  and  Wheels  Division  of  the  Society,  and  a  special 
differential  standardization  committee  in  the  American 
Gear  Manufacturers  Association.  The  personnel  of  the 
two  committees  is,  to  a  certain  extent,  over-lapping. 
This  is  fortunate  as  it  avoids  duplication  of  work,  and 
insures  harmony. 

The  first  part  of  the  differential  standardization  pro- 
gram embraces  two  sizes  of  differential,  the  inside  parts, 
of  which  have  become  automatically  standai-dized  to  a 
very  large  extent,  through  their  use  over  a  period  of 
years,  by  several  of  the  most  prominent  manufacturers 
of  differentials  and  axles. 

The  inside  pinion  and  the  bevel  gear  of  the  smaller 
size  are  an  10-18  tooth  combination  cut  5/7  pitch.  The 
pinion,  as  well  as  substantially  the  tooth  proportion, 
has  been  in  general  use  in  a  wide  variety  of  differentials 
for  some  years,  so  that  the  standardization  of  that 
much  should  not  be  difficult.  Where  the  differences  do 
occur,  they  are  chiefly  in  the  matter  of  the  hubs  of 
the  gears,  and  variation  in  practice  as  to  the  method 
of  supporting  these  gears  in  the  case.  Some  manu- 
facturers support  the  gear  entirely  in  the  differential 
spider,  others  support  it  entirely  in  the  case,  while  still 
others  endeavor  to  get  a  bearing  in  both  places.  In 
the  form  under  consideration",  the  support  is  entirely 
in  the  spider. 

The  other  size  is  a  11-20  combination,  also  of  5/7 
pitch.  This  size  likewise  is  already  in  very  general  use, 
and  we  should  not  find  it  very  difficult  to  reach  an  agree- 
ment upon  it. 

The  report  includes  the  spider  for  the  smaller  size, 
and  the  corresponding  spider  for  the  larger  size.  These 
spiders  are  quite  conventional.  The  bores  are  ground  to 
provide  a  seat  for  the  hubs  of  the  side  gears. 

There  are  also  included  in  tabular  form  the  principal 
dimensions  of  the  cases  for  both  sizes  of  differential. 
On  account  of  the  wide  variety  of  design  in  general  use, 
it  has  been  found  very  difficult  to  arrive  at  a  har- 
monious and  consistent  set  of  dimensions  foe  the  case. 

Th<»re  should  not  be  any  great  difficulty  in  arriving 
at  a  satisfactory  conclusion  as  to  the  inside  dimensions, 
since  these  would  be  made  to  agree  with  the  corre- 
sponding dimensions  of  the  inside  parts  already  dis- 
cussed. 

For  the  outside  dimensions  it  is  necessary  to  take 
care  of  a  great  variety  of  practices  as  to  the  location  of 
the  flange  by  which  the  bevel  gear  is  mounted,  as  well 
as  varying  hub-sizes,  to  accommodate  different  kinds 
and  sizes  of  bearing. 

In  the  case  of  the  flange  location  it  was  found  feasible 
to  establish  diameter  standards,  but  no  attempt  has 
been  made  to  locate  the  flange  with  reference  to  the 
center  of  the  differential  more  than  to  show  a  maximum 
center-dimension.  In  the  matter  of  hub  dimensions, 
the  various  bearing  manufacturers  have  been  consulted, 
and  average  sizes  arrived  at  which  were  in  agreement 
with  their  recommendations. 

It  will  be  noted  that  both  of  these  sizes  of  differen- 
tial are  of  the  four-pinion  type.  The  two-pinion  type 
of  differential  has  been  kept  in  mind  in  the  course  of 
this  work,  but  it  was  not  thought  best  to  put  anything 
out  on  that  type  before  the  four-pinion  type  shall  have 
been  first  more  thoroughly  established.  The  two-pin- 
ion design  would  be  based  on  substantially  the  same 
inside  parts,  although  it  will  probably  be  necessary  to 
modify  the  designs  of  the  hubs  on  the  side  gears  when 
used  in  two-pinion  cases. 

What  the  Subdivision  now  desires  from  the  member- 
ship is  a  general  expression  of  opinion  as  to  its  work 
thus  far.  Is  it  practicable  for  us  to  attempt  at  com- 
plete standardization  as  shown?  Does  this  work  meet 
with  sufficient  approval  to  warrant  proceeding  with 
other -sizes,  perhaps  both  larger  and  smaller,  after  these 
two  sizes  shall  have  been  completed  and  adopted? 

It  is  realized  that  this  is  a  more  complete  dimensional 
standardization  than  is  usual  in  S.A.E.  Standards  prac- 
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tice,  but  it  is  the  feeling  of  the  Subdivision  that  it  is 
worthwhile  to  have  this,  as  a  guide,  to  manufacturers 
and  designers.  It  is  not  to  be  expected  that  in  every 
case  a  designer  would  be  able  to  accept  the  entire 
design  from  end  to  end.  It  is  the  thought,  however, 
that  the  designer  would  use  the  dimensions  indicated 
on  the  standard  to  just  as  great  an  extent  as  possible. 
In  that  way  we  would  hope,  gradually,  to  reduce  the 
immense  number  of  designs  that  are  now  in  use,  and 
for  which  there  is  no  real  reason,  except  that  the  de- 
signer in  laying-out  his  work  has  no  standard  from 
which  to  start,  and  in  many  cases  lays-out  the  propor- 
tions very  largely  to  suit  his  own  fancy. 

The  Subdivision  hopes  that  all  members  interested  in 
the  report  will  take  the  designs  as  submitted  which  are 
given  in  full  on  p.  124  of  the  January  issue  of  The 
Journal,  and  lay  them  out  full-size  on  the  drawing- 
board  in  their  own  axles,  and  from  that  base  their  crit- 
icisms and  suggestions. 

THE    DISCUSSION 

Mr.  Burnett: — The  object  in  bringing  this  report 
before  the  meeting  is  to  get  discussion  on  it.  It  re- 
lates to  an  important  subject.  We  want  to  have  the 
benefit  of  as  much  discussion  as  possible  while  the  pro- 
posed recommendation  is  being  formulated.  We  will 
appreciate  it  if  those  having  any  criticisms,  suggestions 
or  comments  to  make  on  the  report  will  send  them  to  us 
promptly  at  the  office  of  the  Society. 

TRUCK  DIVISION 

Motor-Truck  Cabs 

(December  issue  of  The  Journal,  p   547) 

The  Discussion 

Mr.  Whitten: — The  subject  of  Motor-Truck  Cabs  is 
one  on  which  the  Division  has  done  considerable  work. 
It  was  thought  that  we  had  reached  a  point  where  a 
recommendation  could  be  made.  We  have  since  found 
that  certain  dimensions  in  the  report  do  not  seem  to  be 
acceptable,  and  at  a  special  meeting  of  the  Division  yes- 
terday it  was  decided  to  withdraw  the  recommendation 
for  the  time  being.  If  possible,  cab  dimensions  will  be 
included  also  for  speed-wagons,  making  three  sizes  of 
cab  to  cover  all  requirements  from  speed-wagons  to  6-ton 
trucks. 

Attendance  at  Meeting 

The  members  of  the  Standards  Committee  and  the 
Society  and  the  guests  in  attendance  were 
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C.   M.   Manly 

G.  J.  Mercer 
C.  A.  Michel 
A.  H.  Miller 
G.  L.  Miller 
F.  -U  Morse 
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THE  ANNUAL  MEETING 


Registration   Large    and   Great    Interest   Displayed   by 
Tbose  Who  Attended 

Go-getters  are  men  who  know  what  they  want  and 
then  go  and  get  it.  The  Annual  Meeting  was  a  meeting 
of  go-getters.  Attendance  at  this  meeting  constitutes 
star  performance  in  automotive  go-getting.  There  were 
more  than  600  star  performers  this  time.  They  knew 
they  wanted  additional  automotive  engineering  and  com- 
mercial knowledge,  to  secure  the  maximum  number  of 
contacts  with  the  good,  live,  uptodate,  automotive  data 
that  were  presented,  to  meet  other  go-getters  and  to  talk 
things  over.  So,  they  came  and  got  all  these  desirable 
results,  and  more!  They  got  inspiration  for  future 
effort;  inspiration  is  all  that  keeps  any  of  us  in  the  go- 
getting  class.  New  ideals,  new  ideas,  new  plans  and  pur- 
poses are  continuously  necessary  to  our  existence  and  to 
our  progress  and,  since  they  come  to  us  so  seldom,  most 
often  we  must  go  and  get  them.  Those  who  seek,  will 
find.  In  this  instance,  as  in  the  many  previous  ones, 
each  man  who  attended  was  well  rewarded. 

Beginning  with  the  usual  all-day  session  of  the  Stand- 
ards Committee,  on  Jan.  9,  the  results  of  which  are 
annually  so  important  and  so  far-reaching,  the  program 
of  the  week,  replete  with  engineering  and  human  interest, 
was  carried  through  whole-heartedly  and  successfully  to 
its  conclusion  on  Jan.  12,  following  the  presentation  of 
the  unusually  complete  papers  and  discussion  that  con- 
stituted the  session  devoted  to  engine  cooling. 

The  business  session  held  on  the  morning  of  Jan.  10 
was  of  more  than  ordinary  interest,  a  summary  of  the 
work  of  the  past  year  and  an  outline  of  the  Society's 
plans  for  the  year  to  come  being  presented.  The  follow- 
ing outline  of  what  transpired  as  the  program  of  the 
1923  Annual  Meeting  unfolded  is  an  illuminating  record 
of  automotive  progress  and  an  earnest  of  greater  achieve- 
ment yet  to  come. 

MEMBERSHIP  CONDITIONS  SATISFACTORY 


Slightly  More  Names  on  Roll  Than  Last  Year 

The  report  of  the  Membership  Committee,  which  was 
presented  by  L.  C.  Hill  in  the  absence  of  Chairman  Lon 
R.  Smith,  is  given  below. 

Membership  Department  Summary 

On  Dec.  31,  1922,  there  were  5135  members  of  the 
Society,  excluding  Enrolled  Students  and  including 
Service  Members,  Foreign  Members,  Members,  Associ- 
ates, Juniors,  Affiliate  Members  and  Affiliate  Member 
Representatives.  The  addition  of  214  Enrolled  Stu- 
dents bring  the  overall  total  to  5349,  32  more  than  last 
year. 

Service  Members,  Foreign  Members  and  Affiliate 
Member  Representatives  show  an  increase  of  23,  14  and 
9  respectively.  On  the  contrary,  Members,  Associates, 
Juniors,  and  Affiliate  Members  show  a  decline  of  50, 
39,  47  and  2.    The  greatest  numerical  increase,  124,  is 


in  Enrolled  Students,  contrasted  with  a  decrease  of  92 
for  all  the  other  grades  combined. 

The  above  are  net  figures  showing  final  totals  after 
the  subtraction  of  the  following:  Deceased,  12;  Re- 
signed in  good  standing,  166;  Dropped  as  delinquents, 
480;  and  Cancelled,  22.  The  total  deduction  is,  there- 
fore, 680. 

CAMPAIGNS 
In  the  earlier  part  of  the  year,  the  Society  conducted 
a  campaign  to  enroll  more  of  the  major  executives  of 
the  industry.     We  have  added  five  of  the  most  promi- 
nent in  the  past  year. 

We  are  also  conducting  a  campaign  in  the  passenger- 
car  field,  as  an  investigation  showed  surprisingly  few 
passenger-car  men  on  the  Society's  roster,  relative  to 
the  total  membership. 

The  Society  should  be  able  to  increase  the  number  of 
production  men  on  the  rolls  considerably  during  the 
coming  year.  The  national  Production  Meeting  held  in 
Detroit  on  Oct.  26  and  27  was  attended  by  248  non- 
members  who  should  be  good  prospects,  especially  as 
the  Detroit  Section  is  planning  a  number  of  production 
meetings  to  develop  the  interest  aroused  by  the  first 
meeting. 

Dec.  31, 

1920 

18 

50 

2,706 

1,495 

692 

112 


Grade 
Service  Members 
Foreign  Members 
Members 
Associates 
Juniors 

Affiliate  Members 
Affiliate  Member 
Representatives 


Dec.  31, 

Dec.  31, 

1921 

1922 

65 

88 

67 

81 

2,723 

2,673 

1,509 

1,470 

671 

624 

107 

105 

117 


85 


94 


Enrolled  Students 


5,190 
41 

5,231 


5,227 
90 

5,317 


5,135 
214 

5,349 


ACTION  ON  RECOMMENDED  STANDARDS 


Practically  All  Division  Reports  Approved  as  Sub- 
mitted 

At  the  meeting  of  the  Standards  Committee  on  Tues- 
day, Jan.  9,  17  Divisions  submitted  reports  for  Stand- 
ards Committee  action,  30  recommendations  being  ap- 
proved in  original  or  amended  form,  and  one  recom- 
mendation being  referred  back  for  further  consideration 
to  the  Division  that  formulated  it.  With  the  exception 
of  the  report  of  the  Chain  Division  and  the  recommenda- 
tion of  the  Lighting  Division  on  Tail-Lamp  Illumination, 
the  reports  were  printed  in  the  December  issue  of  The 
Journal. 

The  Ball  and  Roller  Bearings  Division  report  on 
Metric-Type  Thrust  Ball  Bearings  caused  a  considerable 
amount  of  discussion,  principally  with  regard  to  the 
policy  in  American  standardization  of  setting  up  stand- 
ards in  the  metric  system.  Discussion  indicated  rather 
an  even  division  of  opinion,  and  it  was  finally  voted  to 
refer  this  report  back  to  the  Division. 

The  Chain  Division  report,  which  was  not  completed 
in  time  for  publication  in  the  December  issue  of  The 
Journal,  consisted  of  several  parts  relating  to  the  mini- 
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mum  breaking-strengths  of  roller-chains  and  to  standard 
sprocket  tooth-forms  and  cutters  for  them.  The  recom- 
mendations involve  revisions  of  the  present  standards 
as  published  in  the  S.A.E.  Handbook.  The  report,  the 
presentation  of  which  was  accompanied  by  lantern-slides 
illustrating  the  application  of  the  recommendations,  was 
approved. 

The  report  of  the  Lighting  Division  on  Tail-Lamp 
Illumination  was  submitted  at  the  meeting  in  mimeo- 
graphed form,  it  having  been  formulated  too  late  for 
inclusion  in  the  December  issue  of  THE  Journal.  The 
recommendation  was  based  on  joint  action  of  the  Illumi- 
nating Engineering  Society  and  the  Society,  largely  at 
the  request  of  one  of  the  New  England  States,  because  of 
recent  legislation  enacted  relating  to  the  approval  of 
automobile  tail-lamps  and  registration-plate  brackets. 
It  was  felt  that  it  is  important  to  have  standard  speci- 
fications in  this  connection  inasmuch  as  many  of  the 
States,  which  are  considering  relevant  legislation,  can 
probably  be  favorably  influenced  toward  using  a  stand- 
ard specification.  It  is  important  to  note  that  the  Society 
has  not  gone  further  than  to  participate  in  the  prepara- 
tion of  what  the  Division  considers  a  suitable  technical 
specification  for  testing  tail-lamps  and  tail-lamp  illumina- 
tion.    The  Division's  report  was  approved  as  presented. 

The  report  of  the  Lubricants  Division  on  standard 
specifications  for  Crankcase  Lubricating  Oils  was  dis- 
cussed at  considerable  length  with  regard  to  the  ex- 
planatory grade-names  use'd  in  conjunction  with  the  pro- 
posed specification  numbers  for  the  several  grades  of  oil. 
Modifications  of  the  explanatory  grade-names  were  sug- 
gested, but  were  not  generally  favored.  The  report  was 
finally  approved  for  adoption  as  S.A.E.  Recommended 
Practice,  with  the  omission  of  the  explanatory  grade- 
names. 

The  Truck  Division  recommendation  for  Motor-Truck 
Cabs  was  withdrawn  as  a  recommendation  for  adoption 
and  presented  as  a  progress  report  only,  as  a  result  of 
recent  action  taken  by  the  Division. 

A  progress  report  was  submitted  also  by  the  Axle 
and  Wheels  Division,  on  Differential  Gears,  lantern- 
slides  being  shown  of  the  tentative  recommendation  as 
printed  in  the  article  on  Current  Standardization  Work 
in  the  January  issue  of  The  Journal. 

The  detailed  discussions  of  the  Division  reports,  to- 
gether with  the  complete  recommendations  submitted 
for  action  subsequent  to  the  publication  of  the  Decem- 
ber issue  of  The  Journal,  are  printed  elsewhere  in  this 
issue.  A  mail  vote  on  the  final  adoption  of  the  reports 
will  close  on  March  12.  All  of  the  Society  Members  who 
are  entitled  to  vote  will  be  furnished  letter-ballots  in 
accordance  with  the  regulations  governing  the  Standards 
Committee. 

GREATER  INTEREST  IN  MEETINGS  SHOWN 

More   and   Better  Papers   Offered   for  Presentation  — 
Plans  for  the  Future 

C.  F.  Scott,  chairman  of  the  Meetings  Committee,  re- 
ported that  seven  Society  meetings  were  held  during  the 
year  1922  as  compared  with  five  in  the  previous  year. 
The  Production  Meeting  was  a  new  development  and,  he 
hoped,  the  beginning  of  like  meetings.  This  meeting 
was  highly  successful,  the  attendance  at  the  technical 
sessions  being  as  large  as  that  of  some  of  the  technical 
sessions  at  the  Annual  and  Semi-Annual  Meetings  of  the 
Society.  The  general  character  of  the  technical  papers 
presented  at  the  meetings  he  stated  was  better  than  be- 
fore;  and   the   Committee  was   in   receipt   of   numerous 


offers  of  papers  for  presentation  at  the  meetings  of  the 
Society. 

A  regional  meeting  is  to  be  held  at  Cleveland  in  April. 
The  subject  will  be  transportation,  the  plan  of  conduct- 
ing the  meeting  being  along  the  same  general  lines  as 
that  for  the  Detroit  Production  Meeting,  with  technical 
sessions  in  the  morning  and  visits  to  factories  in  the 
afternoon. 

The  time  and  place  of  the  holding  of  the  1923  Summer 
Meeting  have  not  been  determined  as  yet  since  the  main 
factor  entering  into  the  selection  of  places  for  the  Sum- 
mer Meetings  of  the  Society  has  become  the  recreational 
facilities  available  rather  than  central  location. 


SOCIETY  OFFICERS  FOR  J  923  ELECTED 

A  Greater  Number  of  Ballots  Cast  Than  at  Any  Previous 
Election 

Immediately  after  the  convening  of  the  business  ses- 
sion on  Wednesday  morning,  Jan.  10,  President  B.  B. 
Bachman,  who  was  in  the  chair,  appointed  L.  S.  Keil- 
holtz,  J.  A.  Anglada  and  C.  E.  Heywood  as  tellers  of  the 
election  of  officers  to  serve  during  this  administrative 
year  and  of  councilors  to  serve  during  1923  and  1924. 

After  canvassing  the  ballots  the  tellers  reported  that 
952  ballots  had  been  cast,  32  of  these  being  void.  The 
total  count  on  the  election,  with  scattering  votes,  was  as 
follows : 


H.  W.  Alden 
H.  M.  Crane 


President 
First  Vice-President 


917 


917 


916 


Second  V ice-President 
Representing  Motor-Car  Engineering 
A.  F.  Masury 

Second  Vice-President 

Representing  Aviation  Engineering 

E.  P.  Warner  915 

Second  Vice-President 

Representing  Tractor  Engineering 

A.  W.  Scarratt  917 

Second  Vice-President 

Representing  Marine  Engineering 

E.  J.  Hall  917 

Second  Vice-President 

Representing    Stationary    Internal-Combustion 

Engineering 

L.  W.  Witry  916 

For  Members  of  the  Council 

(To  serve  for  2  years) 

A.  J.  Scaife  °20 

W.  A.  Chryst 

F.  W.  Gurney 

For  Member   of  the   Council 
(To  serve  for  1  year) 
H.  M.  Swetland 

For  Treasurer 
C.  B.  Whittelsey  920 


917 


919 


SOCIETY'S   FINANCIAL  CONDITION   SOUND 

Deficit  for  1922— Income  and  Expense  Approximately 
Equal  Now 

The  Treasurer's  Report  was  presented  in  the  form  of 
a  brief  summary,  which  is  given  below,  by  General  Man- 
ager Clarkson  in  the  absence  of  the  Treasurer,  C.  B. 
Whittelsey,  who  was  unable  to  attend  on  account  of  ill- 
ness. This  report,  which  was  printed  in  the  January 
issue  of  The  Journal,  indicates  a  sound  financial  con- 
dition. 

The    annual    audits    of    Rankin    &    Co.,    public    ac- 
countants, list  the  assets   of  the   Society  at  approxi- 
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mately  $154,000  on  Sept.  30,  1922,  and  $150,000  on  the 
same  date  of  1921. 

These  were  offset  by  debts  of  approximately  $31,000 
in  1922  and  $17,000  in  1921,  leaving  an  unexpended  re- 
serve of  approximately  $122,000  at  the  close  of  the  last 
fiscal  year,  which  was  about  $15,000  less  than  on  Sept. 
30,  1921. 

The  Society's  income  for  the  fiscal  period  ended  Sept. 
30,  1922,  was  in  round  numbers,  $248,000  and  for  the 
preceding  fiscal  period  $243,000. 

The  expense  for  the  same  period  was  $263,000  in 
1922  and  $233,000  in  1921,  leaving  a  deficit  in  1922  of 
about  $15,000  as  compared  to  unexpended  income  of 
about  $10,000  in  1921. 

On  Sept.  30,  1922,  the  Society  owned  Government 
and  railroad  bonds  having  a  par  value  of  $78,000  and  a 
market  value  of  $76,000.  Ten  thousand  dollars  has 
been  invested  in  securities  since  Sept.  30,  bringing  the 
total  up  to  $88,000. 

There  has  been  very  little  relative  change  in  the 
status  of  the  Society's  finances  since  Oct.  1.  The  in- 
come for  the  first  three  months  of  this  fiscal  year  was 
approximately  the  same  as  the  expense.  We  hope  to 
keep  the  expense  within  the  income  figures  throughout 
the  year  and  at  least  to  be  able  to  show  no  loss  at  the 
end  of  the  current  fiscal  period. 


PROBLEMS  OF  THE  SECTIONS 


Section  Dues,  Appropriations  and  Affiliation  with  Other 
Local  Bodies  Discussed 

A.    K.    Brumbaugh,    Chairman   of   the   Sections   Com- 
mittee, presented  the  following  report: 

No  new  Sections  were  formed  in  1922,  but  the  ones  in 
existence  at  the  start  of  the  year  have  each  carried 
through  a  series  of  valuable  Sections  Meetings.  A  bet- 
ter appreciation  of  the  value  of  Sections  Meetings  has 
been  evidenced  by  the  members  and  the  growing  im- 
portance of  Sections  as  an  activity  of  the  Society  has 
been  appreciated  in  a  greater  degree  by  the  Council. 
A  number  of  important  problems,  many  of  them  funda- 
mental, have  arisen  during  the  year.  All  of  these  have 
been  carefully  studied  by  the  Committee  and  referred 
to  the  Council  with  definite  recommendations  as  to 
their  solution. 

The  suggestion  that  Section  dues  should  be  waived 
has  received  support  from  several  sources  during  the 
year.  The  Sections  Committee  studied  the  matter  with 
care  and  voted  to  support  the  present  practice  of 
charging  $5  for  annual  dues  in  each  of  the  Sections. 
The  major  part  of  the  administrative  expense  of  the 
Sections  is  now  borne  by  the  national  treasury.  It  is 
believed  unfair  to  have  all  Sections'  expenses  covered 
by  national  dues,  for  the  reason  that  a  large  percentage 
of  the  members  in  the  Society  are  never  able  to  enjoy 
the  privileges  of  Section  membership,  due  to  their  resi- 
dence in  cities  that  are  not  served  by  the  local  Sections. 
The  most  equitable  solution  seems  to  be  to  ask  the  local 
members  to  pay  dues  in  the  Sections  for  the  privilege 
of  attending  Sections  Meetings. 

Having  supported  the  charging  of  Sections  dues,  the 
Committee  was  faced  with  the  problem  of  placing  some 
tangible  value  on  membership  in  the  Sections  so  that 
the  officers  of  the  Sections  would  find  it  easier  to  collect 
dues.  It  was  found  that  many  members  of  the  Society 
continued  to  enjoy  the  advantages  of  attending  Sec- 
tions Meetings  after  having  refused  to  pay  dues  to  the 
Section.  This  practice,  logically  unfair,  resulted  in  the 
Metropolitan  Secticn  charging  admission  to  its  meetings 
for  Society  members  who  were  not  members  of  the  Sec- 
tion. The  Detroit  Section  instituted  the  practice  of 
asking  each  member  for  his  Section  membership-card 
at  the  door  of  the  meeting  and  insisting  that  he  request 
one  of  the  members  of  the  Section  to  invite  him  into  the 
meeting  as  a  guest,  if  he  was  not  a  member  of  the  Sec- 


tion himself.  The  officers  of  the  Metropolitan  Section 
seem  to  be  agreed  that  their  scheme  is  working  satis- 
factorily. The  Detroit  Section  found  that  its  practice 
resulted  in  a  number  of  additional  members  joining  the 
Section.  The  Council  now  has  this  whole  matter,  out- 
lined above,  under  consideration. 

Study  of  the  financial  reports  of  the  Sections  on  Sept. 
1  showed  that  the  past  methods  of  appropriating  money 
from  the  National  Society  to  each  of  the  Section 
treasuries  had  not  been  equitable.  Some  of  the  smaller 
Sections  were  given  more  money  than  they  needed;  and 
one  or  two  of  the  larger  Sections  were  given  insufficient 
funds  and  found  it  necessary  to  raise  money  by  sub- 
scription to  offset  their  deficits.  After  careful  study, 
the  Sections  Committees  recommended  to  the  Council 
that  future  appropriations  to  the  Sections  be  made  ac- 
cording to  the  following  formula:  A  basic  appropria- 
tion of  $250.00  to  each  Section;  $1.00  for  each  member 
of  the  Society  residing  within  the  Section  territory  as 
designated  by  the  Council;  and  $2.00  for  each  member 
of  the  Section  who  had  paid  his  Section  dues  by  April  1. 

Checking  the  appropriation  as  computed  by  this  for- 
mula against  the  funds  claimed  to  be  needed  by  each 
of  the  Section  treasurers,  it  was  found  that  the  national 
appropriation,  combined  with  the  local  Section  dues, 
would  suffice  to  take  care  of  the  expenditures  of  all 
of  the  Sections.  This  formula  plan  has  been  approved 
by  the  Council. 

During  1922  a  number  of  the  Sections  were  asked  to 
amalgamate  with  other  Sections  of  national  engineer- 
ing societies  in  what  are  known  as  local  engineering 
clubs  or  associations.  The  object  in  each  case  was  to 
have  the  clerical  work  of  all  of  the  associations  taken 
care  of  by  a  single  paid  secretary  with  a  consequent 
reduction  in  overhead  to  each  of  the  Sections.  In  each 
case  these  local  engineering  associations  have  estab- 
lished club-rooms  for  the  holding  of  engineering  meet- 
ings. The  Buffalo,  the  Cleveland  and  the  Mid-West 
Sections  have  joined  such  associations.  The  Detroit 
Section  decided  against  such  an  affiliation  because  of 
the  belief  that  the  Section  was  sufficiently  large  to  carry 
its  own  overhead  and  that  any  affiliation  would  result 
in  diminishing  of  the  Section  prestige.  The  Sections 
Committee  has  regarded  favorably  any  affiliation  with 
local  engineering  associations,  provided  the  identity  of 
the  Society  were  not  lost  or  interest  in  its  activities  as 
a  Society  diminished. 

Requests  have  been  received  from  at  least  two  of  the 
Sections  for  the  approval  of  some  form  of  local  mem- 
bership in  the  Section  for  men  who  are  not  members 
of  the  national  Society.  It  will  be  recalled  that  at  one 
time  the  Sections  had  such  a  form  of  affiliation,  known 
as  Section  Associateship.  This  form  was  discontinued 
because  its  privileges  were  often  abused  by  men  who 
felt  that  they  enjoyed  the  same  privileges  in  the  Society 
as  its  members.  A  reestablishment  of  this  practice 
would  be  replete  with  problems.  It  has  been  suggested 
that  such  local  Associates  should  not  be  extended  any 
privilege  other  than  attendance  at  local  Section  meet- 
ings. The  Journal  would  not  be  mailed  to  them  and 
they  could  not  attend  national  meetings  of  the  Society 
without  payment  of  the  customary  fees  for  non-mem- 
bers. The  Washington  and  the  Detroit  Sections  feel 
that  there  are  a  number  of  men  in  their  territories  who 
would  contribute  to  their  financial  support  by  paying 
for  the  privilege  of  attending  the  local  meetings.  The 
interest  of  these  men  in  the  Society  is  purely  a  local 
one;  they  seldom  attend  national  meetings;  in  many 
cases  they  are  young  men  unable  to  pay  the  more  costly 
dues  to  the  national  Society.  No  decision  has  been 
reached  in  this  matter,  for  it  is  of  recent  origin;  how- 
ever, the  1923  Sections  Committee  will  recommend  some 
definite  action  to  the  Council. 

In  general,  with  few  exceptions,  the  officers  of  the 
Sections  during  the  year  1922  have  shown  praiseworthy 
devotion  to  their  responsibilities.    The  character  of  pa- 
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pers  presented  at  Sections  meetings  has  constantly  im- 
proved; and  authors  must  have  something  meritorious 
to  present  before  they  are  accorded  the  privilege  of  ad- 
dressing Sections  meetings.  Service  to  the  Sections  on 
the  part  of  the  Society  staff  has  been  broadened.  As- 
sistance is  given  in  the  selection  of  meetings  topics  and 
speakers  and  in  soliciting  Section  membership.  Pub- 
licity service  on  Sections  meetings,  in  The  Journal,  the 
trade  press  and  the  newspapers,  has  been  extended  by 
the  staff  organization  to  the  Section  secretaries.  A 
Sections  Bulletin  has  been  created  for  the  purpose  of 
circulating  items  of  interest  among  the  Sections  officers 
and  committeemen  periodically.  The  Sections  meetings 
are  being  reported  more  fuly  in  The  Journal  of  the 
Society,  the  salient  points  in  the  papers  and  discussion 
being  stated. 

The  Sections  Committee  of  1922  has  been  impressed 
with  an  increasing  importance  of  the  Sections  as  out- 
posts of  the  national  Society.  Sections  meetings  will 
increase  in  value  and  prestige  until  they  are  close  rivals 
of  the  national  and  regional  meetings  of  the  Society. 
It  will  be  considered  as  much  of  an  honor  to  present 
a  paper  before  a  meeting  of  a  Section  as  before  one  of 
the  national  meetings.  Section  activities  will  develop 
a  stronger  local  interest  in  the  affairs  of  the  national 
Society  and  result  in  the  strengthening  of  its  position 
in  general. 


WHAT  CAUSES  WHEELS  TO  WABBLE 


Ball-and-Socket   Joints    and    Elimination    of    Castering 
Suggested  as  Remedies 

Following  the  Business  Session,  the  paper  by  Herbert 
Chase,  entitled  Critical  Study  of  Modern  Automotive- 
Vehicle  Steering-Systems,  was  presented  by  the  author 
and  discussed.  In  presenting  this  paper  Mr.  Chase 
pointed  out  that  steering-systems  as  a  whole  have  changed 
but  little  for  many  years  and  inasmuch  as  the  conven- 
tional layout  has  operated  with  reasonable  satisfaction 
in  most  cases  it  has  been  given  relatively  little  attention. 
Among  the  common  faults  of  the  steering-system  is  the 
excessive  effort  required  in  its  normal  operation,  the 
primary  causes  of  hard  steering  being  friction  and  faulty 
design  of  the  system.  The  use  of  anti-friction  bearings 
of  both  the  ball  and  the  roller  type  in  the  steering-gear  to 
take  thrust  and  also  radial  loads  was  commented  on,  after 
a  brief  discussion  of  the  causes  of  hard  steering,  such  as 
incorrect  location  of  steering-arms  and  distortion  of  the 
various  parts  of  the  steering  system,  under  either  the 
load  of  the  vehicle  or  that  imposed  by  the  steering  opera- 
tions, the  weight  of  the  front  wheels  of  the  vehicles  and 
the  length  of  the  moment-arms.  Mr.  Chase  then  took  up 
the  question  of  the  angular  position  of  the  knuckle-pivot 
and  the  locating  of  the  knuckle-pivot  as  close  to  the  cen- 
tral plane  of  the  wheel  as  is  reasonable  without  involving 
unnecessary  expense. 

One  of  the  most  common  faults  of  the  steering  system 
and  one  whose  causes  are  least  understood,  said  Mr. 
Chase,  is  that  of  wheel  wabble,  which  is  the  periodic  oscil- 
lation in  the  angular  position  of  the  wheel  and  the  axle 
spindle  about  the  knuckle-pivot,  the  result  being  that  the 
wheel  follows  a  course  which  deviates  alternately  to  the 
right  and  the  left  of  a  straight  line.  The  three  primary 
causes  of  wheel  wabble  according  to  Mr.  Chase  are 
(a)  unstable  equilibrium  of  wheels  carried  on  knuckles 
with  inclined  pivots,  (6)  faulty  layout  of  drag-links  with 
reference  to  the  springs  and  (c)  a  lack  of  balance  or 
failure  of  the  wheels  to  run  true.  In  discussing  the  ques- 
tion of  drag-link  location  Mr.  Chase  said  that  the  best 
layout  is  the  one  which  causes  the  least  motion  at  the 


wheel  spindle  about  the  knuckle-pivot  when  the  axle  is 
moved  under  the  influence  of  the  spring  action. 

In  opening  the  discussion  of  the  paper,  Cornelius  T. 
Myers  emphasized  the  importance  of  brakes  and  steering 
mechanisms  from  the  standpoint  of  safety.  He  thought 
that  a  feature  of  major  importance  in  the  layout  of  the 
steering  mechanism  is  the  relation  of  the  travel  of  the 
ball  on  the  steering-knuckle  arm  when  under  the  influ- 
ence of  the  spring  vibration  to  the  ball  on  the  arm  of  the 
steering-gear  itself.  The  arc  followed  by  the  spring- 
seat  and  that  described  by  the  outer  ball  in  the  drag- 
link  should  coincide  as  closely  as  possible  for  a  distance 
equal  to  the  usual  movement  of  the  springs.  The  tend- 
ency to  wabble  is  due  largely  to  the  varying  amounts  by 
which  these  two  paths  diverge  in  any  particular  steering 
layout. 

Another  point  brought  out  by  Mr.  Myers  was  that  the 
wabbling  seems  to  be  greatest  when  there  is  a  percepti- 
ble amount  of  wear  in  the  steering-pivot  bushings,  the 
wheel  bearings,  the  tie-rod  connections  and  similar  parts. 
When  successive  bumps  or  depressions  in  the  road  sur- 
face synchronize  with  the  taking  up  and  giving  out  of 
the  total  amount  of  wear  or  slack,  the  wabbling  seems  to 
be  most  severe  and  somewhat  analogous  to  snapping  a 
whip  or  more  directly  to  snapping  a  chain  in  which  the 
links  are  long  in  proportion  to  their  width. 

Unbalanced  forces  set  up  in  the  front  wheels  by  the 
weight  of  the  tire-valves  and  adjacent  parts  also  in  his 
opinion  exert  an  influence  on  wabbling;  he  is  still  ex- 
perimenting upon  this  point.  As  the  wheel  spindles  are 
not  horizontal  these  unbalanced  weights  move  toward 
and  away  from  the  chassis  as  the  wheels  revolve,  it  be- 
ing apparent  that  when  the  position  of  the  valve  in  the 
left  wheel  bears  a  certain  relation  to  the  position  of  the 
valve  in  the  right  wheel  the  forces  set  up  as  these  valves 
revolve  tend  to  counteract  each  other  and  balance,  al- 
though on  the  other  hand  the  relative  location  of  the  two 
valves  might  be  such  that  two  forces  would  be  additive. 
In  support  of  this  he  mentioned  cases  where  wabbling 
had  started  on  comparatively  smooth  concrete  roads  when 
the  car  was  driven  in  one  direction  but  no  wabbling  had 
occurred  when  the  car  was  turned  and  driven  over  the 
same  stretch  in  the  opposite  direction  at  the  same  speed. 
When  this  wabbling  occurred  on  smooth  hard  roads  it 
usually  took  place  at  nearly  double  the  speed  at  which  it 
took  place  on  rough  roads. 

In  his  opinion  the  conditions  under  which  violent  wab- 
bling takes  place  depend  upon  a  number  of  different  fac- 
tors such  as  the  steering  layout,  the  inequalities  of  the 
road,  the  vibration  period  of  the  springs,  the  speed  of  the 
car,  the  weight  of  the  front  end  of  the  car,  the  moment 
of  inertia  about  the  vertical  axis,  the  tire  inflation  and 
the  wear  and  looseness  of  the  front  axle  and  the  steering- 
gear  parts.  While  often  minor  changes  of  one  kind  or  an- 
other apparently  cure  the  trouble,  it  is  latent  if  the  steer- 
ing mechanism  is  not  correctly  laid-out,  and  will  reappear 
under  somewhat  different  conditions  than  at  first.  One 
way  to  minimize  wabbling  is  to  turn  the  car  steadily 
and  not  too  sharply  to  one  side  or  the  other.  In  this 
connection  it  was  pointed  out  that  it  is  best  as  a  rule 
to  drive  on  the  right  side  of  a  crowned  road  so  that  a 
little  left-arm  pull  on  the  steering-wheel  must  be  exerted 
continually  to  maintain  a  straight  course.  In  this  way 
the  slack  is  taken  out  of  the  loose  steering  connections 
and  any  wabbling  due  to  looseness  only  obviated,  while 
a  further,  turning  toward  the  left  or  the  crown  of  the 
road  will  take  any  slack  produced  when  wabbling  is  started 
by  impressed  vibration  from  road  bumps  and  often  damp 
out  the  wabble  before  it  becomes  severe. 
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In  continuing  the  discussion,  Prof.  E.  P.  Warner 
pointed  out  that  looseness  in  the  steering-gear  is  not  the 
only  cause  of  wabble,  since  a  motorcycle  with  a  rigid 
steering-gear  is  subject  to  this  phenomenon,  as  is  also  the 
bicycle.  Mention  was  also  made  of  the  British  scooter  on 
which  the  operator  stood  on  a  platform  where  the  vehicle 
became  entirely  unmanageable  at  speeds  above  12  m.p.h. 
In  connection  with  the  wabbling  of  motorcycles  and  bicy- 
cles it  was  pointed  out  that  the  wabble  was  cured  by 
changing  the  curvature  of  the  fork,  which  was  the  same 
thing  as  eliminating  the  castering  effect  in  an  automo- 
bile. 

M.  C.  Horine  took  exception  to  Mr.  Chase's  recom- 
mendation that  anti-friction  bearing  be  used  in  steering- 
gears  since,  he  stated,  they  tend  to  produce  hard  steer- 
ing. He  did  not  agree  with  the  use  of  a  center-point 
steering  arrangement,  saying  that  it  is  difficult  to  oper- 
ate easily  at  low  speeds  as  the  action  is  that  of  grinding 
rather  than  rolling  the  wheel  about  a  point.  The  toe- 
ing-in  or  foregather  of  the  wheels  is  a  problem  of  the 
automobile  industry  only,  as  apparently  the  builders  of 
horse-drawn  vehicles  solved  it  satisfactorily  in  their  field 
some  time  ago.  One  cause  of  wheel  wabble,  Mr.  Horine 
believes,  is  the  use  of  standard  front-axles  for  vehicles 
of  different  wheelbases,  thus  producing  a  varying  angu- 
larity of  the  steering-arm.  He  took  exception  to  Mr. 
Myers'  statement  regarding  the  ranking  of  brakes  before 
the  steering  mechanism  from  the  viewpoint  of  safety, 
stating  that  personally  he  would  much  prefer  to  be  able 
to  steer  a  vehicle  and  trust  to  being  able  to  stop  it,  than 
to  have,  means  for  stopping  the  vehicle  and  not  be  able 
to  steer  it.  He  also  mentioned  the  use  of  the  straight 
fork  on  a  certain  make  of  motorcycle  about  15  years  ago 
as  a  successful  means  for  curing  the  wheel-wabble  that 
caused  trouble.  In  this  arrangement  the  center  line  of 
the  fork  was  extended  to  intersect  the  axle,  instead  of 
coming  behind  it  and  intersecting  the  road  at  a  point 
in  front  of  the  point  of  tire  contact. 

0.  A.  Malychevitch  said  that  irreversibility  is  an  im- 
portant factor  in  steering  and  mentioned  the  Schneider 
steering-mechanism  employed  on  the  Paris  omnibuses  as  a 
good  example  of  mechanism  in  which  no  wabbling  occurs. 

Exception  was  taken  by  0.  M.  Burkhardt  to  the  state- 
ment made  by  Mr.  Chase  that  road  shocks  in  the  plane  of 
the  wheel  have  a  minimum  moment  about  the  knuckle- 
axis  and  consequently  are  transmitted  in  a  less  degree  to 
other  parts  of  the  steering  mechanism.  He  stated  that 
while  the  moment  is  less  it  is  transmitted  more  com- 
pletely. The  amount  of  foregather  can  be  determined 
easily  by  geometric  methods.  In  his  opinion,  bearing 
loads  are  very  important  in  the  effect  that  they  exert  on 
the  action  of  steering  mechanism. 

A.  J.  Scaife  spoke  of  the  experience  of  the  White  Co. 
with  a  ball-and-socket  joint  on  the  steering-rod  end. 
He  stated  that  after  being  used  for  some  time  the  ball 
became  oval  and  the  steering  was  cramped,  thus  leading 
the  White  organization  to  abandon  this  construction. 
Wheel-wabble  is  extreme  with  loose  mechanism;  he  cited 
a  case  where  a  taper  wedge  inserted  between  the  spring 
and  the  spring  perch  on  the  front  axle  had  eliminated  the 
wabbling,  whereas  taking  up  the  joints  had  not  proved 
successful. 

L.  H.  Pomeroy  spoke  of  the  possibilities  of  shackling 
the  spring  at  the  front  end  as  in  the  De  Dion  car  and 
also  in  the  buses  used  by  the  Fifth  Avenue  Coach  Co. 
in  New  York  City.  He  pointed  out  that  the  angle  at 
which  the  steering-arms  and  their  projection  intersect 
the  axis  of  the  chassis  exert  a  considerable  influence  on 
wheel-wabble.     In  support  of  this  he  mentioned  a  case 


where  the  projections  of  the  steering-arms  intersected 
the  chassis  axis  at  a  point  distant  from  the  front  axle 
an  amount  equal  to  56  per  cent  of  the  length  of  the  wheel- 
base  and  the  wheels  wabbled  very  badly,  while  by  chang- 
ing this  position  of  intersection  to  62Vi  per  cent  of  the 
wheelbase  satisfactory  results  were  obtained.  In  his 
opinion  wheel  wabble  results  from  two  or  three  con- 
tributary  causes  and  not  from  one  alone.  He  cited  a 
case  where  a  car  that  wabbled  badly  when  equipped  with 
demountable  wheels  and  rims  was  rendered  entirely  free 
from  this  phenomenon  by  the  use  of  standard  wheel  equip- 
ment. Another  cause  of  wheel  wabble  was  the  maintain- 
ing of  an  unnecessarily  tight  grip  on  the  steering-wheel 
by  the  driver. 

Dr.  H.  C.  Dickinson  discussed  the  question  of  wheel- 
wabble  from  the  viewpoint  of  the  application  of  the 
fundamental  laws  of  harmonic  vibrations.  He  pointed 
out  that  the  periodic  wabble  of  the  wheel  must  follow 
the  law  of  a  pendulum  and  tend  to  return.  When  a  sys- 
tem is  forced  out  of  position  there  is  of  course  a  force 
tending  to  restore  it  to  its  normal  state  but  the  damp- 
ing exerted  by  friction  is  not  greater  than  this  force  of 
restitution.  In  his  opinion  there  would  be  no  wabble  if 
there  was  no  castering  action  and  a  completely  irreversi- 
ble steering  gear  would  not  wabble.  Wabble  would  like- 
wise be  absent  if  friction  in  the  system  were  greater 
than  the  force  applied  to  maintain  the  vibration  of  the 
system.  In  support  of  Mr.  Pomeroy's  theory  that  a  hard 
grip  of  the  steering-wheel  may  be  responsible  for  wheel- 
wabble,  Dr.  Dickinson  pointed  out  that  such  a  grip  of 
the  wheel  would  induce  wabble  since  the  physiological 
reaction  applies  a  greater  force  to  return  the  road  wheels 
to  their  proper  position  than  that  which  throws  them  out. 
Another  cure  for  wheel-wabble  is  to  provide  in  the  sys- 
tem for  a  resistance  to  motion  that  is  greater  than  the 
force  tending  to  throw  the  wheels  out  of  position.  Ab- 
normal sidesway  also  reinforces  the  normal  tendency  of 
the  wheel  to  wabble. 

Mr.  Chase  in  concluding  the  discussion  stated  that  in 
his  opinion  the  castering  angle  does  affect  wabble,  thus 
taking  exception  to  Mr.  Myers'  statement.  In  support 
of  his  position  Mr.  Chase  cited  an  instance  where  a  car 
was  absolutely  out  of  control  with  a  castering  angle  of 
10  deg.,  while  changing  this  angle  cured  the  wheel- 
wabble.  The  usual  angle  varied  from  1%  to  3  deg.,  al- 
though 6  deg.  was  a  maximum.  In  reply  to  Mr.  Horine 
Mr.  Chase  stated  that  the  use  of  anti-friction  bearings 
shows  that  they  are  practical  and  that  the  proper  size 
of  bearing  will  reduce  the  effects  of  corrugation  men- 
tioned by  Mr.  Horine.  The  laying-out  of  the  drag-links 
is  a  geometrical  problem  and  there  are  a  number  of  lay- 
outs that  will  operate  more  or  less  satisfactorily.  The 
drag-link  arrangement  shown  in  the  paper  in  which  the 
steering  mechanism  was  in  front  of  the  front  axle  is  in 
Mr.  Chase's  opinion  a  very  good  arrangement.  Placing 
the  steering-gear  back  of  the  axle  would  be  better  if  it 
were  possible  to  shackle  the  spring  at  the  rear  end,  al- 
though he  considered  the  arrangement  of  front  shackling 
proposed  by  Mr.  Pomeroy  as  being  desirable  under  cer- 
tain conditions.  In  Mr.  Chase's  opinion  the  proper  lubri- 
cation of  the  ball-and-socket  joint  in  the  steering- 
mechanism  will  minimize  the  wear  and  it  is  no  more 
difficult  to  replace  a  ball  when  it  becomes  worn  out-of- 
round  than  it  is  to  replace  a  pin  in  the  pin-and-yoke  type. 
A  further  advantage  of  the  ball-and-socket  construction 
is  that  a  socket  with  a  spring-backing  provided  for  con- 
tinuous taking-up  of  the  wear.  In  conclusion  Mr.  Chase 
stated  that  even  if  there  were  no  castering  wabble  would 
occur. 
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COMMERCIAL-AIRPLANE  DESIGN 


How   Economical,   Safe,   Speedy   and   Comfortable 
Machines  Should  Be  Built 

At  the  aeronautic  session  held  on  the  evening  of  Jan.  9, 
Prof.  E.  P.  Warner  discussed  commercial  airplane  de- 
sign in  general  terms,  under  the  main  divisions  of 
economy,  safety,  speed  and  comfort,  in  presenting  his 
paper  on  the  Design  of  Commercial  Airplanes.  He  men- 
tioned possible  reductions  of  first  cost  by  designing  for 
long  life  and  reliability,  the  effect  of  the  former  on  the 
depreciation  allowance  being  obviously  advantageous. 
Safety  was  stated  to  be  dependent  upon  reliability,  struc- 
tural strength,  stability,  control,  fire  prevention  and  the 
reduction  of  the  risk  of  injury  to  passengers  in  the  event 
of  a  crash.  Minimizing  the  bad  results  of  a  crash  were 
considered  suggestively.  He  believes  that,  since  speed  is 
governed  almost  solely  by  the  ratio  of  wing  loading  to 
power  loading,  speed  will  always  be  kept  as  low  as  possi- 
ble without  any  loss  of  business  to  competing  companies. 
Among  other  desirable  measures  to  secure  comfort,  he 
specified  adequate  ventilation  and  the  elimination  of 
noise. 


CREATING  A  DESIRE  TO  FLY 


An  Outline  of  a   Possible  Public   Commercial-Airplane 
Demonstration 

The  second  paper  at  the  aeronautic  session,  by  C.  G. 
Peterson,  presented  immediate  possibilities  in  the  way 
of  commercial-airplane  service.  Stating  that  the  hereto- 
fore impossible  barriers  to  commercial  aviation  have  been 
costs  and  the  lack  of  desire  of  the  public  to  fly  often,  or 
to  fly  at  all,  Mr.  Peterson  proposed  that  the  public,  which 
must  constitute  the  market  for  airplanes  on  a  commer- 
cial basis,  be  educated  by  a  demonstration  of  safe  and 
reliable,  pay-load  airplane-service  extended  over  an  in- 
definite period,  and  outlined  a  plane  that  includes  the 
surmounting  of  cost  deterrents. 

He  marshaled  arguments  and  statistics  to  show  that 
such  a  public  demonstration  can  be  made  by  a  proper 
and  adequate  equipment,  operation  and  maintenance  of 
the  United  States  Aerial  Mail  Service,  since  it  has  been 
demonstrated  already  by  this  service  that  mail  can  be 
carried  safely  by  air  throughout  hard  Northern  winter 
weather. 

His  statistics  include  consideration  of  the  present  vol- 
ume of  mail,  special-delivery-letter  and  parcel  or  pack- 
age-carrying possibilities  as  revenue  producers,  and 
necessary  postal  rates. 

An  extensive  estimate  of  the  cost  of  equipping  and 
operating  a  night-flying  line  between  New  York  City 
and  Chicago,  based  on  present  equipment,  was  presented. 
The  author  expressed  the  belief  that  passenger  traffic 
will  follow,  without  any  solicitation  on  the  part  of  the 
operators,  just  as  soon  as  the  public  realized  that  the 
mail  airplanes  fly  sai'e'y  and  on  time. 


COMPETITIVE  BIDS  HURT  AVIATION 


Does  Government   Procedure   Discourage   Rather  Than 
Encourage  Development? 

In  his  aeronautic-session  paper  on  The  Development 
and  Construction  of  Military  Airplanes  in  Peacetime, 
F.  H.   Russell  considered  the  reconstruction  period  fol- 


lowing the  war  and  the  conditions  prevailing  on  Jan.  1, 
1923.  Present  conditions  were  stated  to  be  far  from 
satisfactory  because  of  Government  competition  with 
the  aeronautic  industry  and  lack  of  appreciation  of  both 
the  necessity  for  and  the  requirements  of  a  healthy  in- 
dustry. 

The  solutions  proposed  by  the  author  are  (a)  that 
Government  agencies  inspire  and  direct  the  industry  in 
the  development  of  the  types  desired  and  the  peacetime 
supply  thereof,  through  the  operation  of  equipment;  and 
(6)  that  airplanes  of  one  type  such  as  a  type  of  engine 
or  automobile,  be  considered  as  proprietary  and  not  sub- 
ject to  open  competitive  bidding. 

Mr.  Russell  summarized  the  current  situation  in  re- 
gard to  conditions  most  detrimental  to  progress.  His 
view  of  the  peacetime  prob!em  of  the  Government  en- 
gineer is  that  it  involves  first  the  selection  of  those  types 
of  planes  which  are  required  for  actual  military  training 
and  operations;  and,  second,  the  guidance  and  support 
of  the  industry  toward  the  development  of  such  designs, 
having  in  mind  constantly  that  the  airplane  developed 
must  not  only  be  satisfactory  for  the  service  desired, 
but  be  cresigned  in  detail  so  as  to  be  suitable  for  quantity 
production. 

With  regard  to  civilian  aircraft  organizations,  the 
author  stated  that  they  must  consist,  not  only  of  a  capa- 
ble group  of  creative  engineers,  but  also  of  men  trained 
and  experienced  in  manufacturing.  The  physical  facili- 
ties should  include  wind-tunnels  and  aero  dynamic, 
physical  and  chemical  laboratories,  and  also  the  latest 
types  of  production  machinery.  Any  separation  of  en- 
gineering from  production,  such  as  is  found  in  connec- 
tion with  types  of  airplane  developed  by  small  engineer- 
ing units,  or  production  without  adequate  creative  en- 
gineering, Mr.  Russell  believes,  is  bound  to  result  dis- 
astrously. The  two  must  go  together.  In  his  opinion, 
the  Government  should  establish  a  policy  whereby,  under 
proprietary  orders,  a  company  can  specialize  in  the  de- 
velopment of  one  design  or  class  of  aircraft,  build  it 
continually  in  small  quantities,  and  improve  it.  He 
stated  that  such  a  civilian  organization  should  be  re- 
quired to  furnish  standardized  specifications,  blueprints, 
bills  of  material  and  the  like  which,  in  time  of  national 
emergency,  could  at  once  be  placed  in  the  hands  of  ex- 
ecutives controlling  factories  outside  of  the  industry  for 
quantity  production. 


SAFE  FLYING  A  PRESENT  PUBLIC  ASSET 


Regular  Aerial  Transportation  of  Passengers  Over 
Water  Accomplished 

A  widely  prevalent  barrier  to  the  success  of  commer- 
cial aviation  was  stated  by  Harry  Bruno,  in  his  aeronau- 
tic-session paper,  to  be  the  difficulty  of  convincing  the 
public  that  we  have  successful  commercial  aviation  now. 
As  a  representative  of  an  aerial-transportation  company 
now  maintaining  regular  service  over  water,  he  believes 
this  country  to  be  ahead  of  Europe  in  regard  to  over- 
water  aerial-transport.  His  company  maintains  in  ser- 
vice 27  flying-boats  that  have,  in  the  past  3  years,  made 
2125  flights,  carried  9107  passengers  and  flown  739,047 
passenger  miles  without  any  injuries  or  deaths  result- 
ing. 

He  said  that  the  actual  cost  of  gasoline  and  oil,  main- 
tenance and  depreciation  is  small  compared  with  the  cost 
of  persuading  the  public  to  come  to  the  starting-points 
of  the  different  routes,  that  the  public  does  not  demand 
a  speed  of  more  than  from  65  to  90  m.p  h.  and  that  the 
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ordinary  individual  cannot  comprehend  a  speed  as  great 
as  125  m.p.h.  His  belief  is  that  the  public  is  favorably 
inclined  toward  flying,  and  that  successful  operation,  as 
in  the  case  of  the  700-mile  mail-and-passenger  service 
now  conducted  in  South  America,  will  eventually  cause  a 
change  in  public  sentiment.  In  further  support  of  this 
belief,  he  said  that  during  the  first  month  of  the  flying 
service  between  Cleveland  and  Detroit,  a  90-min.  trip, 
the  passengers  were  mostly  women  and  children;  but 
that  during  the  second  month  of  operation  the  passengers 
were  mostly  business-men. 

A  further  possibility  in  the  development  of  commer- 
cial aviation  was  stated  to  be  service  as  an  adjunct  to 
railroad  operation. 

GENERAL  COMMENT  ON  AERONAUTICS 


Some  Interesting  Views  Expressed  by  Members  in 
Attendance 

C.  M.  Manly  was  a  leader  in  the  discussion  at  the 
aeronautic  session.  He  emphasized  the  need  of  selling 
the  idea  of  commercial  aviation  to  the  public,  inclusive 
of  the  farmer  and  other  people  in  the  rural  districts, 
and  made  suggestive  comment  upon  the  aeronautic  situ- 
ation in  general. 

E.  R.  Blythe  spoke  of  the  inconveniences  incident  to 
starting  on  an  aerial  trip  and  of  the  necessity  of  mini- 
mizing them  in  line  with  encouraging  passengers  to 
travel  in  this  way.  He  believes  that  regularly  operated 
aerial  express-lines  would  be  most  helpful  in  securing 
public  confidence  in  aeronautics. 

C.  D.  Hanscom  discussed  postal  rates  in  connection 
with  Mr.  Peterson's  paper  and  believed  that  a  letter  could 
be  carried  by  aerial  mail  between  New  York  City  and 
Chicago  for  0.8  cents. 

Archibald  Black  discussed  Professor  Warner's  state- 
ment that 

At  present  it  seems  impracticable  to  realize  a  com- 
mercial speed  of  more  than  85  m.p.h.  on  lines  running 

without   subsidy,   as  the  costs  of   operation   at  higher 

velocities  than  that  become  prohibitive. 

Mr.  Black  thinks  that  a  speed  of  105  or  110  m.p.h.  can 
be  maintained  without  increase  in  the  cost. 

Edward  Shildhauer  suggested  a  lighter-than-air  air- 
craft service  as  a  backbone  between  such  points  as  New 
York  City  and  Chicago,  supplemented  by  airplane  service 
radiating  from  such  terminals;  the  main-line  flying  to 
be  done  at  night,  with  arrivals  at  dawn,  and  the  airplane 
service  to  start  at  dawn,  with  return-trips  each  after- 
noon. 

Other  expressions  by  representative  men  in  atten- 
dance included  a  suggestion  that  an  appeal  for  commer- 
cial aviation  be  made  to  the  sporting  blood  of  the  public, 
that  unusual  markets  for  aircraft  service  can  be  un- 
earthed, such  as  patrol  and  photographic  service,  and 
that  difficulties  incident  to  aircraft  flying  in  fog  and  at 
night  be  overcome. 


MEASURING  MOTOR-FUEL  VOLATILITY 

Further  Data  on  the  Initial-Condensation  Temperatures 
of  Various  Mixtures 

The  first  paper  presented  at  the  fuel  session  on  Thurs- 
day afternoon,  Jan.  11,  was  by  R.  E.  Wilson  and  D.  P. 
Barnard,  4th.  In  this  paper,  which  was  presented  by  Mr. 
Barnard,  the  method  for  measuring  the  dew-points  or 
initial-condensation  temperatures  of  motor-fuels  when 
mixed  with  air  in  various  proportions  as  outlined  in  an 


article  by  these  authors  that  appeared  in  the  November, 
1921,  issue  of  The  Journal  was  extended  to  include  a 
larger  number  of  fuels.  In  the  earlier  article  only  three 
fuels  were  considered,  while  in  the  paper  presented  at 
this  session  the  results  of  an  investigation  of  14  fuels 
ranging  in  volatility  from  the  lightest  aviation  gasoline 
to  a  rather  high-boiling  commercial  kerosene  were  given. 
Much  of  this  work  was  done  in  connection  with  the  co- 
operative fuel-research  program  conducted  jointly  at  the 
Bureau  of  Standards  by  the  American  Petroleum  Insti- 
tute and  the  Society.  The  paper  describes  certain  modifi- 
cations and  improvements  in  the  method  previously  de- 
scribed for  preparing  equilibrium  solutions  and  measur- 
ing the  vapor  pressures  of  motor-fuels.  A  series  of 
empirical  curves  from  which  it  is  possible  to  determine, 
data  from  the  distillation  curve  being  given,  the  dew- 
point  of  a  non-aromatic  hydrocarbon  fuel  with  a  degree 
of  accuracy  sufficient  for  all  ordinary  purposes,  was 
shown  in  the  form  of  lantern  slides.  As  a  result  of  the 
work  done  by  the  authors  the  conclusion  is  drawn  that 
the  85-per  cent  point  is  the  best  single  measure  of  the 
effective  volatility  of  a  motor  fuel  from  the  standpoint  of 
distribution  and  crankcase-oil  dilution.  This  paper  with 
the  illustrations  of  the  curves  mentioned  will  be  pub- 
lished in  an  early  issue  of  The  Journal. 


EXPERIMENTAL  SURVEY  OF  CARBURETION 


Results  Obtained  at  Purdue  University  with  Kerosene 
and  Gasoline 

This  paper,  which  was  printed  in  the  January  issue  of 
The  Journal,  gives  in  considerable  detail  the  results  of 
an  experimental  study  of  the  carburetion  of  gasoline  and 
kerosene  as  conducted  at  the  Purdue  University  Engi- 
neering Experiment  Station.  In  presenting  this  paper, 
C.  S.  Kegerreis,  one  of  the  authors,  outlined  very  briefly 
the  methods  employed  and  exhibited  a  number  of  slides 
that  showed  the  results  of  the  experiments  in  graphic 
form. 

In  opening  the  discussion,  P.  S.  Tice  stated  that  he 
did  not  entirely  agree  with  the  points  brought  out  by 
Messrs.  Kegerreis  and  Young,  since  he  had  found  that 
gasoline  and  kerosene,  when  used  in  the  same  engine 
with  equal  temperatures  and  substantially  no  fuel  liquid 
on  the  wall,  give  equal  mean  effective  pressures  and 
thermal  efficiencies  with  less  exhaust-heat  lost  and  pro- 
portionately the  same  loss  to  the  jacket  if  detonation 
should  occur.  He  also  stated  that  the  mixture-ratios  for 
maximum  power  and  maximum  thermal-efficiency  under 
equal-temperature  conditions  differ  only  as  the  calorific 
values  of  the  fuels.  It  had  been  his  experience  that  the 
maximum  efficiency  is  not  obtained  at  the  lower  limit  of 
inflammability  as  stated  by  Mr.  Kegerreis,  and  he  be- 
lieved that  the  conclusion  arrived  at  by  the  latter  must 
have  resulted  from  the  limitation  of  his  method  of  pre- 
paring the  charge,  since  his  limits  represent  more  fuel 
in  the  charge  than  the  proportions  found  to  give  the 
maximum  efficiency.  Mr.  Tice  had  found  that  the  lower 
limit  of  inflammability  is  quite  consistently  0.0445  lb.  of 
kerosene  per  pound  of  dry  air;  a  mixture  ratio  of  1  to 
22.5.  In  view  of  this  fact  he  was  of  the  opinion  that 
some  of  Mr.  Kegerreis's  conclusions  on  the  metering  re- 
quirements of  the  carbureter  for  acceleration  and  good 
car-performance  under  throttle  manipulation  were  in 
error.  In  support  of  these  points,  Mr.  Tice  drew  a  num- 
ber of  diagrams  which  will  be  presented  in  a  later  issue 
of  The  Journal  with  his  full  discussion  of  the  paper. 
In  conclusion   he   stated   that   the   use   of  a  steady-flow 
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apparatus  is  of  very  doubtful  value,  particularly  if  the 
carbureter  is  to  be  used  in  conjunction  with  only  four 
or  a  lesser  number  of  cylinders. 

The  next  speaker,  H.  S.  McDewell,  pointed  out  that  the 
method  employed  in  the  paper  to  reproduce  test  condi- 
tions did  not  give  the  usual  conditions  that  obtain  in 
operation,  since  the  throttle  plates  employed  would  catch 
the  fuel  that  crept  on  the  walls  of  the  manifold  and  cause 
it  to  be  subsequently  vaporized.  While  the  testing  plant 
used  by  the  authors  would  undoubtedly  compare  car- 
bureters under  the  same  conditions,  these  are  not  the 
conditions  that  obtain  in  the  engine. 

E..  H.  Sherbondy,  the  next  speaker,  said  that  the  car- 
bureter has  two  functions  to  perform;  metering  the  fuel 
and  the  air  and  diffusing  the  fuel  throughout  the  air. 
For  that  reason  choke-tubes  and  sprays  had  been  de- 
veloped. To  determine  the  loss  of  pressure  across  a 
carbureter  he  had  built  an  air-meter  and  tested  a  num- 
ber of  carbureters  of  the  conventional  type.  In  making 
these  tests  he  found  that  the  pressure-drop  from  the  en- 
trance to  the  throat  was  greater  than  that  through  the 
venturi  tube.  By  changing  the  form  of  entrance  to  the 
carbureter  it  was  possible  to  pass  as  much  air  through  a 
l^-in.  carbureter  as  was  ordinarily  possible  with  a  1%- 
in.  carbureter  of  the  conventional  type. 

J.  G.  Willett  asked  whether  it  would  not  be  possible  to 
vary  the  amount  of  air  and  fuel  handled  by  the  carbureter 
with  changes  in  the  car  speed.  Mr.  Tice  in  answering 
this  question  said  that  the  so-called  fuel-lag  is  respon- 
sible for  mixtures  firing  at  one  speed  and  not  at  another. 

W.  L.  Dempsey  expressed  the  view  that  engines  should 
be  improved,  as  well  as  carbureters.  He  pointed  to  the 
Diesel  engine  as  the  most  economical  form  of  power- 
)lant,  burning  practically  any  grade  of  fuel  without 
crankcase  wastage.  During  the  burning  of  the  fuel  the 
temperature  ranges  from  900  to  950  deg.  fahr.  In  the 
internal-combustion  engine  the  temperature  must  be  kept 
well  above  the  critical  value  at  which  the  fuel  condenses 
out  of  the  mixture.  At  the  present  time  the  air  and  the 
fuel  are  mixed  in  the  carbureter  and  passed  on  to  the 
manifold  where  condensation  occurs.  The  drawbacks  of 
the  Otto  cycle  are  a  waste  of  fuel  into  the  crankcase  and 
out  through  the  exhaust.  To  secure  satisfactory  oper- 
ation a  dry  gas  is  necessary,  and  if  the  mixture  tem- 
perature is  maintained  above  the  critical  point  from  the 
time  the  mixture  leaves  the  carbureter  to  that  of  the  end 
of  the  compression-stroke,  the  economy  of  operation  will 
be  increased.  In  conclusion,  Mr.  Dempsey  emphasized 
the  necessity  of  supplying  sufficient  oxygen  to  form 
carbon  dioxide  and  water  and  maintaining  a  high  tem- 
perature. 

In  response  to  a  question  by  A.  D.  T.  Libby  as  to 
?  hether  super-heated  steam  was  fed  with  the  kerosene, 
Mr.  Kegerreis  replied  in  the  negative. 

Neil  MacCoull  said  that  he  had  noted  a  temperature- 
drop  of  100  deg.  with  the  air  at  250  deg.  fahr.  He  asked 
whether  the  spark  position  was  kept  constant  or  ad- 
vanced in  the  tests.  Mr.  Kegerreis  stated  that  the  tem- 
perature was  measured  at  a  point  10  in.  from  the  car- 
bureter; also,  that  the  spark  was  held  at  the  point  to 
give  high  power  in  all  cases. 


NATURAL  GASOLINE  AS  AN  ENGINE  FUEL 


Utilization  of  a  Product  Extracted  from  Natural  Gas 
Will  Relieve  Shortage 

The  last  paper  presented  at  the  fuel  session  was  read 
by  W.  M.  Welch  in  the  absence  of  the  author,  Lloyd  F. 
Bayer,  of  the  Tidal  Refining  Co.    After  pointing  out  that 


the  problem  of  securing  the  largest  possible  supply  of 
the  best  possible  motor-fuel  is  one  that  concerns  both  the 
petroleum  and  the  automotive  industries,  the  paper  de- 
scribes the  two  processes  employed  to  secure  natural 
gasoline,  which  term  is  accepted  generally  by  the  petro- 
leum industry  as  applying  to  the  gasoline  product  ex- 
tracted from  natural  gas.  The  first  of  these  is  the  com- 
pression process,  which  is  applied  to  casing-head  gas  and 
consists  in  subjecting  the  relatively  rich  gas  to  high 
pressure  and  cooling  to  or  below  atmospheric  tempera- 
ture, thus  resulting  in  the  direct  condensation  of  gaso- 
line. In  the  other  method,  which  is  known  as  the  ab- 
sorption process,  the  gas  is  brought  into  contact  with  a 
heavy  oil  that  originally  has  no  gasoline  content.  After 
this  oil  has  absorbed  the  gasoline  it  is  heated  to  distill 
off  the  gasoline,  the  two  operations  of  absorption  and 
distillation  being  continuously  repeated  within  a  closed 
system.  The  use  of  natural  gasoline  to  render  certain 
fractions  of  the  crude  oil  that  of  themselves  would  not 
meet  the  requirements  of  an  acceptable  grade  of  motor- 
fuel  sufficiently  volatile  for  satisfactory  use  is  gone  into 
at  some  length.  To  assure  the  greater  volatility  neces- 
sary in  winter  with  motor-fuels,  particularly  those  of 
high  end-point,  it  is  desirable  to  increase  the  percentage 
of  natural  gasoline  used.  This  is  practicable  since  the 
consumption  of  gasoline  is  much  less  in  the  winter  than 
in  the  summer,  while  the  production  of  natural  gasoline 
increases  to  some  extent  in  the  winter.  Mr.  Bayer 
stated  that  the  production  of  natural  gasoline  amounts 
to  about  10  per  cent  of  the  total  gasoline  production,  and 
that  this  is  a  very  satisfactory  proportion  in  which  to 
use  natural  gasoline  with  the  average  motor-fuel  to  give 
it  the  desirable  volatility  characteristics. 

In  the  past  the  use  of  natural  gasoline  has  been  at- 
tended with  varying  success,  depending  altogether  upon 
the  intelligence  that  was  displayed  in  combining  it  with 
other  products  to  form  the  finished  motor-fuel.  This 
formerly  resulted  in  the  use  of  a  blended  fuel  that  was 
unsatisfactory  for  a  number  of  reasons,  but  the  Associ- 
ation of  Natural  Gasoline  Manufacturers  is  making  every 
effort  to  produce  only  blends  that  will  be  satisfactory. 
Dynamometer  tests  have  shown  that  the  addition  of  15 
per  cent  of  natural  gasoline  to  a  good  commercial  gaso- 
line increases  the  brake  horsepower  developed  and  de- 
creases the  fuel-consumption  per  horsepower-hour.  The 
starting  and  accelerating  characteristics  were  improved 
as  the  percentage  of  natural  gasoline  was  increased,  this 
improvement  being  very  marked  at  10  per  cent  and  reach- 
ing a  maximum  when  15  per  cent  of  natural  gasoline  was 
added.  Another  advantage  of  the  use  of  natural  gaso- 
line is  that  the  initial  boiling-point  can  be  lower  and 
the  percentage  distilled  off  at  212  deg.  fahr.  materially 
increased. 


ARE  WE  INTERESTED  IN  HIGH  COMPRES- 
SION? 


Its  Effects  on  the  Internal-Combustion  Engine  Analyzed 
and  Discussed 

In  opening  the  session  devoted  to  a  discussion  of  the 
subject  of  detonation,  Chairman  H.  L.  Horning  called 
attention  to  the  three  fundamentals,  reaction-velocity, 
compression  and  temperature,  as  the  factors  influencing 
detonation.  He  spoke  of  how  specifically  the  three  papers 
presented  dealt  with  these  factors  and  asked  that  they 
be  kept  continuously  in  mind  whenever  detonation  was 
under  consideration. 

The  paper  by  J.  H.  Holloway,  H.  A.  Huebotter  and 
G.  A.  Young  is  a  report  of  a  series  of  tests  they  con- 
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ducted  during  the  summer  of  1922  at  the  Purdue  Uni- 
versity Engineering  Experiment  Station  and  was  pub- 
lished in  the  January,  1923,  issue  of  The  Journal.  The 
work  consisted  of  research  into  the  operation  of  internal- 
combustion  engines  under  comparatively  high  com- 
pression on  ordinary  gasoline  without  detonation.  The 
compression-ratio  of  the  engine  was  6.75  and  the  com- 
pression pressure  was  122  lb.  per  sq.  in.,  gage.  The 
ingoing  charge  was  passed  through  a  hot-spot  vaporizer 
and  thence  through  a  cooler  between  the  carbureter  and 
the  valves.  Jacket-water  temperatures  between  150  and 
170  deg.  fahr.  were  carried  at  the  outlet  port  of  the 
jacket. 

The  source  of  the  two  phases  of  detonation  encountered 
in  this  work  is  believed  to  be  overheated  areas  in  the 
combustion-chamber.  The  methods  of  combating  these 
hot  spots  were  stated  in  detail,  and  the  special  equip- 
ment applied  to  the  engine  to  accomplish  the  desired 
result  was  described.  The  effects  of  load,  speed,  com- 
pression-ratio and  mixture-ratio  were  studied,  and 
curves  showing  the  variation  in  the  engine  character- 
istics due  to  each  factor  were  submitted.  All  these  tests 
\\ere  run  without  a  trace  of  detonation,  and  the  results 
of  the  work  indicated  the  following  conclusions: 

(1)  Automobile  engines  designed  to  give  a  uniform 
cooling  of  the  combustion-chamber  walls  will  per- 
mit the  use  of  much  higher  compression-ratios  than 
those  employed  at  present,  with  a  consequent  gain 
in  engine  power  and  economy 

(2)  The  fuel-air  ratio  for  maximum  economy  borders 
upon  the  lean  limit  for  reliable  combustion 

(3)  For  maximum  power,  the  mixture-ratio  used  need 
not  exceed  0.075  lb.  of  gasoline  per  lb.  of  dry  air 

(4)  With  concentrated  heating  of  the  mixture  at  the 
carbureter  outlet,  a  local  temperature  of  125  deg. 
fahr.  is  sufficient  to  give  good  operation  at  full 
throttle 

(5)  Cooling  to  100  deg.  fahr.  at  the  valves  is  desirable 
if  the  compression  pressure  of  the  engine  is  high 

(6)  At  part  loads,  a  hot-spot  temperature  of  175  deg. 
fahr.,  with  or  without  intermediate  cooling,  will 
give  good  results  with  lean  mixtures 


WHAT  CONDITIONS   CAUSE  DETONATION? 


An   Explanation   of   the   Natural  Factors    That   Govern 
This  Gaseous  Phenomenon 

The  second  paper  presented  at  the  detonation  session, 
by  Thomas  Midgley,  Jr.,  and  Robert  Janeway,  analyzed 
the  laws  that  govern  gaseous  detonation.  The  authors 
gave  an  explanation  of  detonation  based  upon  what  are 
considered  incontrovertible  facts,  showing  by  the  func- 
tioning of  well  understood  natural  laws  that  gaseous 
detonation  is  a  phenomenon  that  does  not  require  any 
hypothetical  assumptions  to  account  for  its  existence. 

The  physical  conditions  that  must  exist  within  an  en- 
closed container  when  it  is  filled  with  an  explosive  mix- 
ture of  gases  and  these  gases  are  ignited  were  stated 
and  analyzed  mathematically,  and  an  application  of  this 
analysis  was  made  to  the  internal-combustion  engine. 
The  apparatus  and  the  procedure  were  described,  in- 
clusive of  illustrative  views  and  charts,  and  it  was  shown 
how  the  formulas  can  be  applied,  (a)  for  constant 
throttle  and  varying  the  temperature  of  the  entering 
charge  and  (b)  for  constant  temperature  and  varying 
the  throttle  opening  and  the  compression-ratio.  The  re- 
sults were  discussed  in  some  detail.  In  addition,  refer- 
ence was  made  to  two  of  the  basic  equations  and  they 


were  combined  into  a  single  fundamental  expression- 
containing  only  two  variables.  Further,  a  mathematical 
determination  was  made  of  the  critical  pressure  of 
detonation. 


SPECIAL  ASPECTS  OF  THE  FUEL  PROBLEM 


Suitable  Fuels  for  Use  in  High-Compression  Engines  for 
Aeronautic  Usage 

The  final  paper  at  the  detonation  session  dealt  with 
testing  fuels  for  high-compression  engines.  It  was  writ- 
ten by  Stephen  M.  Lee  and  Stanwood  W.  Sparrow,  and 
was  read  by  Mr.  Lee ;  it  had  been  printed  in  the  January, 
1923,  issue  of  The  Journal. 

The  paper  treats  certain  of  the  methods  used  and  the 
results  obtained  in  two  investigations,  the  fuels  in  ques- 
tion being  benzol  and  ethyl  alcohol,  either  alone  or  as 
blended  with  gasoline. 

The  authors  emphasized  the  necessity  of  mixture-ratio 
runs  when  making  fuel  investigations.  Since  the  ten- 
dencies of  a  fuel  to  detonate  or  preignite  limit  the  condi- 
tions under  which  it  can  be  used,  the  methods  of  estimat- 
ing these  characteristics  were  discussed.  A  graphical 
representation  was  made  to  illustrate  the  relation  be- 
tween compression  pressure,  compression-ratio,  volu- 
metric efficiency  and  indicated  power  so  that,  with  a. 
given  engine,  the  effect  on  detonation  of  changing  engine 
conditions  could  be  estimated. 

Results  characterizing  the  performance  of  the  differ- 
ent fuels  were  mentioned,  and  particular  attention  was 
directed  to  cases  where  these  results  are  in  contrast  with 
current  opinion. 


THE  BIG  NOISE  OF  CYLINDER  DETONATION 


Its  Causes  Analyzed  in  the  Light  of  Present  Knowledge 
and  Research 

The  discussion  at  the  detonation  session  verified  the 
prediction  made  by  Chairman  Horning  that  the  subject 
matter  would  inspire  the  many  prominent  members  of 
the  automotive  and  allied  industries  who  were  present. 
The  rapid-fire  questions  and  answers  that  were  ex- 
changed between  the  members  of  the  audience  and  the 
authors  of  the  papers  gave  proof  of  such  inspiration. 

Thomas  Midgley.  Jr.,  when  opening  the  general  dis- 
cussion, asserted  that  the  physical  characteristics  of  the 
fuel  used  must  be  known  and  specified  for  all  investi- 
gations concerning  detonation. 

E.  D.  Thurston,  Jr.,  called  for  discussion  with  regard 
to  best  power  and  economy  and  how  they  are  related  to 
the  best  fuel. 

Dr.  H.  C.  Dickinson  read  written  comment  from  J.  G. 
Vincent,  who  was  unable  to  be  present,  regarding  the 
subject  of  "rough"  engine  operation,  which  was  tied  to 
statements  regarding  this  matter  made  in  the  Holloway, 
Huebotter  and  Young  paper,  by  Chairman  Horning. 

S.  W.  Sparrow  spoke  of  the  need  of  recognizing  the 
importance  of  compression  pressure  over  that  of  com- 
pression-ratio. 

S.  D.  Heron  discussed  internal  engine-temperatures 
with  reference  to  the  shape  of  the  combustion-chamber, 
and  P.  S.  Tice  referred  to  combustion-chamber  shape 
and  the  effect  of  mixture  temperature  on  the  high-com- 
pression method.  Mr.  Tice  mentioned  also  that  detona- 
tion occurs  in  a  definite  relation  to  the  initial  temperature 
of  the  charge;  the  lower  the  initial  temperature  is,  the 
less  the  tendency  to  detonate  will  be. 

A    lengthy    exchange    of   opinions    was    had    between 
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numerous  discussors  regarding  whether  the  high  value 
or  the  low  value  was  used,  or  should  be  used,  as  the 
heating  value  of  a  fuel  under  consideration.  While  no 
conclusion  was  reached,  the  wide  variations  in  practice 
were  made  evident. 

Many  interesting  questions  and  answers  referred  to 
the  Midgley  and  Janeway  paper,  but  their  details  are  too 
intricate  for  a  general  report  and  must  be  reserved  for 
publication  later.  It  was  brought  out  that  the  detonation 
values  given  by  Mr.  Midgley  apply  only  to  the  particular 
engine  that  was  used,  and  that  these  values  would  be 
different   for  each   engine  under  consideration. 

In  connection  with  the  Lee  and  Sparrow  paper,  with 
regard  to  the  liability  of  burning  the  valves  when  using 
benzol  as  a  fuel,  it  was  stated  that  this  effect  had  been 
found  to  be  no  worse  than  when  using  aviation  gasoline. 
With  reference  to  remarks  made  comparing  constant- 
volume  with  constant-pressure  engines,  Mr.  Lee  stated 
that  the  efficiency  is  mainly  dependent  upon  that  of  the 
air-cycle.  Mention  of  the  possibilities  of  the  Diesel  en- 
gine elicited  numerous  comments  comparing  Diesel- 
engine  fuel-consumption  with  present-day  automotive- 
engine  results  in  this  regard,  expansion-ratios  were  dis- 
cussed with  reference  to  smooth  running  and  the  relative 
merits  of  thin  and  thick  cylinders  were  accorded  atten- 
tion. 

The  foregoing  sketch  of  the  proceedings  at  the  detona- 
tion session  are  only  indicative ;  their  complete  presenta- 
tion in  an  early  issue  of  The  Journal  will  be  necessary 
before  their  full  import  can  be  comprehended. 


RESEARCH  PROMISES  FUEL  SAVING 


Results  of  Society's  Cooperation  with  Petroleum  Indus- 
try Discussed 

In  the  absence  of  Past-President  J.  G.  Vincent,  who 
was  unable  to  be  present,  President  B.  B.  Bachman  pre- 
sided at  the  Research  Session  of  the  Annual  Meeting, 
which  was  held  on  the  morning  of  Thursday,  Jan.  11. 

How  the  Research  Was  Organized 

H.  M.  Crane,  chairman  of  the  Research  Committee, 
confined  his  attention  to  the  fuel  activities  of  the  Com- 
mittee, in  presenting  the  1922  Report.  Tracing  the  his- 
tory of  the  Society's  work  on  fuel  for  the  past  3  years, 
Mr.  Crane  brought  out  the  importance  of  the  gradual 
rapprochement  that  has  taken  place  between  the  petro- 
leum producer  and  the  automotive  engineer,  culminating 
in  the  undertaking  of  a  joint  research  on  the  fuel  prob- 
lem 1  year  ago.  This  concerted  action  had  served,  not 
only  to  clarify  the  issues  involved,  but  also  to  insure  the 
formation  of  rational  conclusions. 

The  fuel  research  fell  into  two  parts,  one  a  program 
carried  out  last  summer  by  the  Bureau  of  Standards,  a 
report  of  which  appears  elsewhere  in  this  issue,  and  the 
other  a  program  carried  out  by  10  companies  in  the  De- 
troit district,  working  under  the  direction  of  the  Re- 
search Department.  Both  tests  covered  a  wide  range  of 
cars,  typical  of  about  75  per  cent  of  the  total  number  in 
use  in  the  Country,  under  a  very  considerable  range  of 
operating  conditions.  Mr.  Crane  explained  that  the  prob- 
lem under  consideration  had  two  phases,  the  question  of 
the  type  of  fuel  that  the  operator  would  like  to  use  if  he 
could  get  it,  and  the  question  of  what  is  the  greatest 
departure  from  the  theoretically  best  fuel  that  can  be 
handled  successfully  in  the  present-day  automobile. 

The  chief  difference  between  the  Bureau  of  Standards 
tests  and  those  conducted  by  the  companies  was  that  the 


latter  represented  a  somewhat  more  advanced  product 
than  was  represented  in  the  Bureau  tests.  In  other 
words,  many  of  the  cars  used  in  the  companies'  tests 
were  of  uptodate  design. 

The  Results  Summarized 

The  results  of  the  tests  indicated  that  in  warm  weather, 
purely  from  a  mileage  point  of  view,  a  fuel  considerably 
worse  than  what  is  now  being  supplied  would  produce 
mileage  almost  in  proportion  to  the  quantity  consumed. 
The  company  tests  seemed  to  indicate  less  satisfactory 
results  with  the  heavier  than  with  the  lighter  fuels. 

Mr.  Crane  reported  the  results  of  a  test  run  made  by 
another  member  of  the  Society,  which  showed  that 
greater  maximum-acceleration  and  car-mileage  could  be 
obtained  with  a  fuel  much  lighter  than  commercial  gaso- 
line, by  regulating  the  jacket-water  temperature.  The 
conclusion  was  that  high  volumetric-efficiency  is  incom- 
patible with  the  best  use  of  heavy  fuels;  that  better 
results  are  obtainable  with  lighter  than  with  heavier 
fuels  in  cars  adapted  to  lighter  fuels,  but  that  in  cars 
adapted  to  heavier  fuels  the  use  of  the  lighter  ones  gives 
no  advantage.  Crankcase-oil  dilution  is  a  sensitive  index, 
but  Mr.  Crane  declined  to  accept  the  presence  of  this 
phenomenon  as  evidence  of  the  inadmissibility  of  any 
fuel. 

R.  E.  Carlson's  paper,  which  appears  elsewhere  in  this 
issue,  summarized  the  results  and  conclusions  derived 
from  the  tests  last  summer  of  the  four  experimental 
fuels  in  four  different  models  of  car,  which  showed  no 
significant  difference  in  fuel  mileage  for  the  different 
fuels.  He  described  also  the  results  to  date  of  experi- 
ments on  a  single  engine  mounted  in  a  refrigerator 
chamber,  the  tests  covering  a  wide  range  of  operating 
temperatures.  It  is  too  early  to  draw  definite  conclu- 
sions from  these  tests.  The  series  of  cold  tests  will  be 
supplemented  by  such  road  tests  as  appear  necessary 
from  the  results  obtained. 

W.  S.  James  continued  the  discussion  of  the  project 
by  explaining  that  the  results  so  far  obtained  in  the  cold- 
chamber  test  cover  a  condition  at  the  low-temperature 
end  in  which  the  fuel  in  the  manifold  must  be  mostly 
liquid,  and  at  the  high-temperature  limit  a  condition  of 
almost  complete  vaporization. 

All  of  the  four  fuels  may  act  alike  when  supplied  to 
the  engine  as  liquids,  or  as  vapor,  but  differently  when 
partially  vaporized.  The  tests  made  so  far  may  not 
cover  the  condition  of  partial  vaporization,  when  maxi- 
mum differences  between  the  four  fuels  would  become 
apparent.  Mr.  James  illustrated  this  point  by  a  sketch 
showing  how  the  distribution  of  either  a  liquid  or  a 
vapor  to  the  different  cylinders  may  be  uniform,  while 
the  distribution  of  a  mixture  of  a  liquid  and  a  vapor  may 
not  be  uniform.  The  Bureau  will  make  further  tests  to 
clear  up  this  point. 

Ten  Companies  Cooperate  in  Service  Tests 

V.  H.  Gottschalk  presented  a  report  of  the  service  fuel- 
tests  run  last  summer  by  10  companies  in  cooperation 
with  the  Research  Department  of  the  Society,  using  four 
fuels  very  similar  to  those  used  at  the  Bureau  of  Stand- 
ards. In  this  series,  59  different  passenger-cars  of  about 
15  different  models  were  run  in  ordinary  service,  each 
car  running  1  week  on  each  of  the  four  fuels. 

The  results  of  these  tests  showed  remarkable  con- 
sistency in  the  mileages  secured  with  the  four  fuels  in 
all  of  the  different  models,  the  differences  being  not  over 
1.9  per  cent  on  the  average.  Measurements  of  crankcase- 
oil  dilution,  however,  showed  a  consistent  increase  from 
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the  A  fuel  to  the  D  fuel;  with  some  of  the  cars  the  dilu- 
tion with  the  D  fuel  was  twice  that  with  B  or  commercial- 
grade  gasoline. 

Petroleum  Industry  Well  Represented 

Dr.  Van  H.  Manning  spoke  on  behalf  of  the  petroleum 
industry.  He  emphasized  the  fact  that  cooperation  be- 
tween the  two  industries  has  resulted  in  the  education 
of  both.  The  oil  industry  will  keep  pace  with  the  auto- 
motive industry  in  its  development  work. 

T.  J.  Litle  said  that  the  important  point  in  these  tests 
is  that  the  drivers  do  not  like  the  D  gasoline.  We  may 
be  able  to  use  it  if  necessary,  but  we  would  much  prefer 
to  use  something  better.  In  this  connection  he  wished 
to  know  why  the  petroleum  industry  did  not  make  more 
use  of  cracking  processes. 

F.  A.  Howard,  replying  to  Mr.  Litle,  said  that  crack- 
ing in  effect  increases  the  supply  of  available  crude  but 
does  not  increase  the  percentage  of  good  fuel.  C.  S. 
Kegerreis  emphasized  the  difficulties  in  starting  and  in 
crankcase  dilution  experienced  with  the  use  of  fuel  D 
and  considered  that  it  would  take  time  to  adapt  auto- 
motive equipment  to  its  effective  use. 

In  connection  with  the  difficulty  experienced  in  start- 
ing, 0.  C.  Rohde  stressed  the  importance  of  spark-gap 
setting.  H.  E.  Pengilly  suggested  that  the  relatively 
better  performance  of  the  B  or  commercial-grade  fuel 
was  due  to  the  fact  that  the  manifolds,  on  the  average, 
were  heated  to  the  temperature  that  suits  this  grade. 
He  expressed  the  opinion  that  if  the  results  were  ex- 
amined carefully  it  might  appear  that  some  of  the  cars 
were  better  adapted  to  make  use  of  the  heavier  grades 
of  fuel  efficiently. 

Herbert  Chase  asked  if  further  data  could  be  given  on 
the  types  of  car  used  in  the  tests  by  the  10  companies. 
Dr.  Dickinson  explained  that  more  data  were  not  given 
because  some  of  the  companies  did  not  want  their  cars 
identified.  He  stated  that  a  similar  series  of  tests  will 
be  run  by  some  or  all  of  the  same  companies  during 
winter  weather. 


AIR-COOLED  PASSENGER  CARS  ADVOCATED 


How  Designers  of  Automobile  Engines  Can  Benefit  from 
Aircraft  Practice 

T.  J.  Litle,  Jr.,  presided  at  the  engine-cooling  session 
held  Jan.  12  as  the  closing  feature  of  Annual  Meeting 
week.  He  believes,  as  stated  in  his  opening  remarks, 
that  the  air-cooled  passenger-car  engine  will  be  supreme, 
but  that  we  do  not  know  how  to  build  it  as  yet.  He  ex- 
pressed high  appreciation  of  Mr.  Heron's  paper  as  an- 
other valuable  contribution  from  the  Government  to  auto- 
motive development,  and  said  that  automotive  engineers 
often  fail  to  realize  how  greatly  the  progress  of  the  in- 
dustry is  assisted  by  such  governmental  agencies  as  the 
Air  Service  and  the  Bureau  of  Standards,  in  view  of  the 
research  data  that  the  Government  makes  available  from 
time  to  time  in  the  published  reports  of  these  organiza- 
tions. 

The  paper  by  S.  D.  Heron  on  Aircraft-Engine  Practice 
as  Applied  to  Air-Cooled  Passenger-Car  Engines,  which 
was  printed  in  the  January,  1923,  issue  of  The  Journal, 
was  presented  by  the  author  briefly,  in  abstract  form, 
with  running  comment  on  the  actual  text.  He  stated  that 
most  of  the  copying  of  aircraft  practice  in  postwar  car- 
design  had  proved  a  failure  because  the  fundamental  dif- 
ference in  duty  had  not  been  realized,  and  proposed  to 
show  wherein  the  automobile  designer  and  the  engine 
builder  can  profit  by  the  use  of  the  practice  developed 


for  air-cooled  aircraft-engines.  After  generalizing  on 
the  main  considerations  involved,  he  gave  an  exposition 
of  the  simplicity  of  layout  of  the  efficient  air-cooled 
cylinder,  as  a  preface  to  a  somewhat  detailed  discussion 
regarding  cylinder  design  and  performance,  inclusive  of 
valve  location,  types  of  finning  and  the  form  of  the 
cylinder-head. 

Cylinder  material,  cooling  surface,  port-arrangement 
for  in-line  engines  and  the  camshaft  and  valve-gear  ar- 
rangement most  desirable  were  treated  at  length  and 
illustrated.  A  consideration  of  sleeve-valve  types,  tem- 
perature and  exhaust-valve  cooling  followed,  accom- 
panied by  many  enlightening  data.  Similar  treatment 
was  accorded  the  subjects  of  air  supply,  a  cooling  system 
for  in-line  engines,  air-blast  direction  and  the  necessary 
quantity  of  air. 

The  desirable  types  of  fan,  spark-plug,  piston  and  fuel 
were  commented  upon  somewhat  briefly.  Mr.  Heron  con- 
cluded that  (a)  the  scaling-down  of  design  in  internal- 
combustion-engine  cylinders  is  a  safe  process,  while 
scaling-up  is  decidedly  unsound;  and  that  (6),  since 
thermal  troubles  have  been  the  greatest  cause  of  diffi- 
culty with  air-cooled  cars,  a  consideration  of  the  designs 
capable  of  full-throttle  operation  is  likely  to  demonstrate 
the  ease  with  which  the  relatively  mild  thermal  effi- 
ciencies of  an  air-cooled  car  can  be  overcome. 

The  two  appendices  to  this  paper,  by  C.  Fayette  Taylor 
and  E.  H.  Dix,  Jr.,  respectively,  related  to  the  experi- 
mental development  of  air-cooled  engine-cylinders  and  the 
foundry  production  of  air-cooled  cylinders  having  the  fins 
cast  integrally. 


RADIATOR  CAPACITIES  FOR  COOLING 


Heat-Dissipating  Properties  of  Three  Types  of  Radiator 

Core 

The  last  paper  of  the  session  devoted  to  engine  cooling 
was  presented  by  Prof.  E.  H.  Lockwood  and  gave  the 
results  of  an  investigation  made  at  the  Mason  Labora- 
tory, Yale  University.  Its  title  is  the  Cooling  Capacity 
of  Automobile  Radiators.  It  was  published  in  the 
January,  1923,  issue  of  The  Journal. 

The  three  types  of  core  investigated  include  the  fin- 
and-tube,  the  ribbon  and  the  air-tube  groups,  classified 
thus  according  to  the  flow  of  the  water  and  the  air.  The 
ratios  of  the  cooling  surface  to  the  volume  are  shown  to 
be  nearly  the  same  in  the  fin-and-tube  and  the  air-tube 
cores;  in  the  ribbon  core  the  ratio  is  somewhat  greater. 

Professor  Lockwood  derived  a  formula  for  computing 
the  heat-transfer  coefficient,  which  is  defined  as  the  num- 
ber of  heat  units  per  hour  that  will  pass  from  one  square 
foot  of  surface  per  degree  of  temperature-difference  be- 
tween the  air  and  the  water.  This  coefficient  is  the  key 
to  ascertaining  radiator  performance;  by  the  use  of  it, 
almost  any  desired  information  can  be  obtained. 

When  the  heat-transfer  coefficients  have  been  found 
for  a  sufficiently  wide  range  of  water-flow's  and  air- 
flows, the  cooling  capacity  of  a  radiator  can  be  computed 
for  any  desired  condition.  Five  fundamental  formulas 
were  given,  together  with  six  derived  formulas,  the 
mathematics  involved  being  given  in  an  appendix. 

The  formulas  cover  topics  such  as  pump  circulation, 
thermo-syphon  circulation,  the  limiting  depth  of  core  re- 
quired, final  temperatures,  weight  of  water-flow  and  the 
like.  The  results  of  applying  the  formulas  to  six  cores 
that  were  selected  as  representative  of  the  three  main 
types  of  radiator  construction  were  illustrated  by  a  series 
of  charts. 
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ENGINE  COOLING  FROM  VARIOUS  ANGLES 


An  Indication  of  the  Trend  of  Thought  Regarding  Cool- 
ing Systems 

Various  phases  of  the  subject  were  discussed  after  the 
presentation  of  the  papers  at  the  session  devoted  to  en- 
gine cooling.  The  subject  of  cooling  by  the  auxiliary  use 
of  steam  was  treated.  Some  further  information  regard- 
ing the  practical  use  of  the  Lockwood  formulas  for 
radiator  calculations  was  presented. 

S.  D.  Heron  demonstrated  a  working  model  of  a  pat- 
tern for  use  in  casting  an  air-cooled  cylinder,  explained 
the  foundry  process  and  exhibited  other  patterns  for 
some  of  the  cylinders  illustrated  in  his  paper. 

L.  H.  Pomeroy  doubted  the  success  of  the  air-cooled 
engine  for  high-class  passenger-car  service,  because  of 
factors  that  tend  to  make  it  noisy.  He  believed  that  the 
chief  source  of  noise  lies  in  the  variations  of  tempera- 
ture and  also  that  the  control  of  vibration  is  influenced 
by  the  temperature  differences.  Further,  that  if  high 
internal  friction  is  a  characteristic  of  an  air-cooled  en- 
gine, it  is  not  a  satisfactory  powerplant. 

C.  P.  Grimes  presented  interesting  comment  on  the 
performance  of  the  well-known  air-cooled  car  he  repre- 
sents, together  with  remarks  on  cylinder  cooling-fins, 
fans  and  the  starting  of  cold  engines. 

H.  S.  McDewell  expressed  the  opinion  that  the  air- 
cooled  engine  would  now  have  the  advantage,  if  the  same 
amount  and  quality  of  research  work  and  development 
had  been  applied  to  it  as  have  been  expended  upon  the 
water-cooled  engine.  He  believes  that  engine  designers 
are  not  in  close  enough  touch  with  aircraft-engine 
practice.  He  called  attention  to  the  fact  that  air  and 
water-cooled  engines  are  both  cooled  also  by  oil,  and  that 
this  factor  should  not  be  neglected.  His  view  concern- 
ing the  scaling-down  of  engines  as  being  safe,  and  the 
scaling-up  being  decidedly  unsound,  coincides  with  that 
expressed  by  Mr.  Heron. 

Thomas  Midgley,  Jr.,  gave  an  outline  of  the  benefit 
obtained  by  using  copper  as  a  surface  for  cooling. 

C.  Lawrance  made  remarks  concerning  internal  engine- 
friction  and  stated  that  it  is  always  desirable  to  remove 
heat  first  from  the  point  nearest  its  source.  He  believed 
that  successful  air-cooled  engines  can  be  produced  in 
sizes  that  are  suitable  for  automotive  usage. 

Dr.  H.  C.  Dickinson  mentioned  the  desirability  of 
maintaining  uniformity  of  the  cylinder  temperature, 
Chairman  Litle  spoke  of  having  seen  red-hot  valves  on  a 
water-cooled  engine  and  Mr.  Grimes  stated  that  the  tem- 
perature of  an  engine  cylinder  is  not  related  to  the 
economy  of  an  engine. 

Mr.  Heron,  in  conclusion,  commented  briefly  upon  the 
various  questions.  He  mentioned  factors  that  tend  to 
produce  silent  engine-running,  and  discussed  tempera- 
ture control  of  the  air-cooled  engine.  He  thought  that 
fins  cast  integrally  with  the  cylinder  are  most  successful. 


MOTORBOAT  ENGINEERS  MEET 


J.  G.  Vincent  to  Present  Paper  at  Motorboat  Meeting 
on  Feb.  28 

The  annual  Motorboat  Meeting  of  the  Society  will  be 
held  at  the  Hotel  Commodore,  New  York  City,  Feb.  28, 
at  10  o'clock.  The  date  selected  occurs  during  the  week 
of  the  National  Motorboat  Show  in  New  York  City.  A 
group  of  papers  on  motorboat  subjects  will  be  read  and 


discussed  in  the  meeting,  and  an  informal  lunch  will 
follow  at  1  o'clock. 

J.  G.  Vincent,  vice-president  of  the  Packard  Motor  Car 
Co.,  will  read  a  paper  on  Modern  Tendencies  in  High- 
Speed  Motorboat  Engine  Design.  Mr.  Vincent's  success 
in  winning  the  Gold  Cup  Trophy  with  his  "Packard 
Chriscraft"  and  his  standing  as  a  designer  of  aircraft 
and  automobile  engines,  assure  the  members  of  an  in- 
teresting and  informative  paper.  Efforts  are  being 
made  to  secure  a  paper  on  Diesel  engines  for  yachts  and 
a  brief  talk  by  a  motorboat  owner  on  the  improvements 
in  motorboat  engines  that  the  owner  considers  desirable 
from  his  standpoint. 

Final  details  of  the  program  for  this  meeting  will 
reach  the  members  in  the  Meetings  Bulletin  about 
Feb.  15. 


ANNUAL  MEETING  IN  DETROIT 


Decision  Made  to  Locate  It  in  the  Middle  West  in  1924 

The  next  Annual  Meeting  of  the  Society  will  be  held 
in  Detroit  in  January,  1924,  probably  during  the  week 
preceding  the  Chicago  Show.  This  recommendation  of 
the  1923  Meetings  Committee  was  approved  at  the  first 
session  of  the  new  Council  of  the  Society  last  month. 
Such  a  distinct  departure  from  past  precedent  has  not 
been  made  without  careful  study  and  sufficient  reason. 
The  demand  for  a  change  in  the  time  and  the  location 
of  the  Annual  Meeting  has  grown  with  each  succeeding 
year,  and  now  it  is  believed  good  judgment  to  alter  prece- 
dent for  the  best  interests  of  the  Society. 

It  has  been  the  belief  in  the  past  that  holding  the 
Annual  Meeting  coincident  with  the  national  automobile 
show  in  New  York  City  resulted  in  a  larger  and  more 
representative  attendance.  Some  have  argued  that  with- 
out the  dual  attraction  the  meeting  could  not  be  suc- 
cessful. This  argument  is  disproved  by  the  success  of 
the  Production  Meeting  in  Detroit  where,  with  the  meet- 
ing as  the  sole  attraction,  technical  sessions  were  at- 
tended by  the  largest  audiences  ever  attending  Society 
meetings,  and  nearly  500  were  seated  at  the  dinner. 
When  programs  are  attractive,  subjects  timely,  speakers 
are  authorities  and  distances  not  too  great,  members 
will  be  drawn  to  Society  meetings  in  satisfactory  num- 
bers. 

Show  Week  Unsatisfactory  Time 

Probably  the  strongest  argument  against  the  New 
York  City  meeting  has  been  its  conflict  with  other  mat- 
ters of  greater  urgency  to  members  attending  the  show. 
Every  visitor  to  New  York  City  feels  in  duty  bound  to 
make  a  careful  study  of  the  exhibits  at  the  show.  This 
is  impractical  in  the  evenings  because  of  the  crowds, 
and  must  be  done  during  the  day  in  conflict  with  Society 
meetings.  Organization,  dealer  and  sales  luncheons  and 
business  meetings  are  other  conflicting  events.  Many 
members  find  it  altogether  impossible  to  leave  the  head- 
quarters of  their  companies  for  any  appreciable  time 
during  the  show  period.  Evenings  are  crammed  with 
business  and  social  activities  that  make  one  reluctant 
about  arising  early  and  attending  professional  sessions. 
It  seems  nearly  impossible  to  get  meetings  started  on 
time  during  show  week;  in  Detroit,  where  the  meeting 
was  the  sole  attraction,  sessions  started  promptly  with 
a  satisfactory  audience  in  point  of  numbers. 

The  New  York  Show  always  attracts  the  major  exec- 
utives from  the  factories  with  the  natural  result  that 
many  engineers  and  production  men  in  minor  capacities 
must  remain  at  home.    A  meeting  arranged  at  any  other 
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period  would  probably  find  these  younger  men  able  to 
leave  their  work.  With  a  location  more  nearly  in  the 
center  of  production,  travel  expense  of  the  younger  men 
will  be  decreased,  and  they  are  more  apt  to  attend  the 
meetings.  The  Annual  Meeting  is  considered  generally 
as  the  most  representative  meeting  held  by  the  Society 
during  the  year;  the  attendance  of  the  younger  men 
who  are  destined  to  carry  on  the  future  work  of  the 
Society,  is  highly  desirable  for  this  reason. 

Summer  Meeting  Location  a  Factor 

The  Meetings  Committee  has  met  an  extremely  dif- 
ficult problem  in  the  selection  of  a  suitable  place  for  the 
Summer  Meeting  of  the  Society.  It  seems  to  be  the  gen- 
eral opinion  that  most  of  the  popular  resorts  suited  to 
our  peculiar  requirements  lie  in  the  Eastern  region. 
It  has  always  been  the  custom  to  hold  the  Summer  Meet- 
ing in  the  Middle  West  and  the  Winter  Meeting  in  the 
East.  A  change  in  this  practice  will  overcome  the  Show- 
Week  handicaps  just  enumerated,  and  place  the  Summer 
Meeting  in  a  district  that  includes  many  splendid  re- 
sorts with  adequate  hotel  and  recreational  facilities. 
This  move  seemed  logical,  and  was  an  important  factor 
in  locating  the  Winter  Meeting  in  the  Middle  West. 

Annual  Dinner  Remains  in  New  York 

The  Annual  Dinner  of  the  Society  will  continue  to  be 
held  in  New  York  City  on  Thursday  evening  of  Show 
Week.  This  dinner  has  become  recognized  as  an  insti- 
tution; it  continues  to  attract  the  industry's  most  rep- 
resentative men,  and  there  has  been  no  suggestion  of  dis- 
continuing it  or  changing  its  time  or  location.  The  an- 
nual sessions  of  the  Standards  Committee  will  also  con- 
tinue to  be  held  in  New  York  City  at  show  time.  This 
practice  makes  it  possible  to  either  shorten  the  Annual 
Meeting  period  or  devote  another  day  to  technical  mat- 
ters in  Detroit.  It  also  allows  a  longer  period  before  the 
Summer  Meeting  for  the  formulation  of  new  standards 
and  recommended  practices. 


NATIONAL  TRACTOR  MEETING 

Chairman  Rumney  of  the  Meetings  Committee  has  ap- 
pointed H.  0.  K.  Meister  chairman  of  a  special  com- 
mittee that  will  arrange  a  National  Tractor  Meeting 
of  the  Society  sometime  during  the  spring.  The  location 
and  date  of  the  meeting  will  be  selected  to  coincide  with 
some  national  tractor  activity,  such  as  a  demonstration 
or  show,  enabling  a  large  number  of  tractor  men  to  at- 
tend. Any  suggestions  or  offers  of  cooperation  in  the 
arrangement  of  the  Tractor  Meeting  should  be  addressed 
to  the  New  York  office. 


AUTOMOTIVE  TRANSPORT  MEETING 


Truck,  Bus,  Taxioab  and  Rail-Car  to  Be  Treated  at 
Cleveland  Meeting 

A  National  meeting  of  the  Society  devoted  to  com- 
mercial automotive  transportation  will  be  held  at  Cleve- 
land some  time  in  April.  Although  the  date  of  the  meet- 
ing has  not  been  set,  the  plan  of  the  technical  activities 
has  been  defined.  There  will  be  at  least  four  engineer- 
ing sessions  devoted  respectively  to  truck,  motorbus, 
taxicab  and  motor  rail-car  transportation.  Operation 
rather  than  design  will  be  featured  in  the  truck  and 
motorbus  meetings.  The  taxicab  session  will  include 
papers  on  both  design  and  operation.  Representative 
motive  power  engineers  of  railroads  that  have  experi- 


mented with  rail-cars,  are  being  asked  to  contribute  their 
experience  to  the  rail-car  meeting. 

The  preliminary  arrangements  for  the  Cleveland 
Transportation  Meeting  are  in  charge  of  a  sub-commit- 
tee of  the  Meetings  Committee  headed  by  A.  J.  Scaife. 
Requests  for  representation  on  the  program  should  be 
addressed  to  the  Society  headquarters  in  New  York  City. 
Progress  in  the  arrangements  will  be  recorded  in  future 
issues  of  The  Journal  and  the  Meetings  Bulletin. 


1923  PRODUCTION  MEETING 


Factory   Problems  Subject  of  National  Meeting  in 
Cleveland  Next  October 

The  Meetings  Committee  announces  that  the  1923 
Production  Meeting  will  be  held  at  Cleveland  during 
October  of  this  year.  This  is  in  accordance  with  the 
plan  in  mind  when  the  Detroit  Production  Meeting  was 
arranged,  that  is,  the  meeting  site  will  be  changed  from 
year  to  year,  but  will  be  located  in  the  region  where  the 
major  portion  of  automotive  parts  and  vehicles  are  pro- 
duced. 

Papers  for  the  1923  Production  Meeting  are  being 
solicited  at  the  present  time.  Perhaps  you  have  a  sub- 
ject in  mind  for  discussion  at  this  meeting;  or,  betrer 
still,  you  may  wish  to  present  a  paper.  Write  to  the 
New  York  office  of  the  Society  and  submit  your  sugges- 
tions. Papers  on  new  processes,  shop  methods  or  pro- 
duction research  are  welcomed.  We  require  timely  pa- 
pers on  factory  economics,  wage  systems,  planning,  pur- 
chasing and  allied  subjects.  Selection  of  papers  will  be 
on  a  competitive  basis,  the  papers  of  greatest  practical 
value  being  given  places  on  the  program.  The  committee 
hopes  even  to  surpass  the  unusually  successful  Detroit 
meeting,  and  asks  the  earnest  cooperation  of  every  man 
engaged  in  the  producing  branch  of  the  industry. 


INDUCTOR  MAGNETO  ADVANTAGES 


Engineer  Outlines  Them  at  Section  Meeting  in  Boston 

M.  E.  Toepel,  electrical  engineer  with  the  International 
Motor  Co.,  addressed  the  members  of  the  New  England 
Section  at  their  meeting  on  Jan.  18  in  Boston.  He  de- 
scribed recent  developments  in  the  polar-inductor  type 
of  magneto,  stating  that  this  type  had  greater  possibili- 
ties than  either  the  rotating  armature  or  the  shuttle 
type.  Important  magneto  parts  can  be  replaced  more 
easily  in  the  polar-inductor  magneto,  spark  characteris- 
tics can  be  changed  to  suit  any  individual  requirement 
and  it  is  possible  to  have  all  sparks  of  the  same  polarity. 
There  are  two  important  disadvantages  met  with  in 
polar-inductor  magnetos;  losses  in  magnetic  flux  trans- 
mission to  the  core  of  the  winding  and  loss  of  efficiency 
when  the  relation  between  the  magnetic  and  the  me- 
chanical break  is  altered  by  the  wear  of  the  actuating 
parts.  Mr.  Toepel  made  a  plea  for  better  weatherproof- 
ing  of  magnetos,  referring  particularly  to  accomplishing 
this  within  the  magneto  rather  than  by  providing  special 
covers,  gaskets  and  the  like. 

A  high-speed  engine  with  positively  operated  valves 
will  be  described  by  Rollin  A  bell  at  the  meeting  of  the 
New  England  Section  to  be  held,  Feb.  15.  A  single  pop- 
pet valve  is  used  in  each  cylinder  of  this  engine,  this 
being  put  in  communication  alternately  with  inlet  and 
exhaust-ports  by  a  rotary  distributor  valve  placed  length- 
wise of  the  cylinder-head.  It  is  claimed  that  the  trap- 
ping of  a  small  charge  of  exhaust  gas  at  the  end  of  each 
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exhaust  stroke  and  the  dilution  of  the  incoming  charge 
with  this  exhaust  gas,  makes  it  possible  to  use  high  com- 
pression without  any  resultant  detonation.  The  meeting 
will  be  held  at  the  Buckminster  Hotel,  starting  at  8 
o'clock,  and  all  members  and  their  friends  are  invited 
to  hear  Mr.  Abell's  interesting  paper. 


KETTERING  FAVORS  RESEARCH 


Surest   Means   of   Avoiding   Crystallization    and    the 
Saturation  Point 

C.  F.  Kettering  was  in  particularly  good  form  when 
he  addressed  the  Buffalo  Section  members  at  their  annual 
dinner,  Jan.  18.  He  based  his  talk  on  a  heading  he  had 
noticed  in  an  advertisement  in  one  of  the  weekly  maga- 
zines, "Search  for  Spices  Led  Columbus  to  Discover 
America."  The  determination  to  accomplish  a  specific 
purpose  led  Columbus  to  make  a  far  greater  and  more 
important  discovery.  Mr.  Kettering  stated  that  a  similar 
result  was  often  encountered  in  physical  research.  It 
was  with  the  purpose  of  finding  a  satisfactory  method 
of  burning  kerosene  in  internal-combustion  engines  that 
the  members  of  Mr.  Kettering's  research  staff  were 
led  through  a  long  series  of  experiments  to  the  funda- 
mental causes  of  detonation  and  the  discovery  of  anti- 
knocking  dopes.  Mr.  Kettering  recommended  that  all 
research  be  started  with  a  definite  purpose  in  mind,  but 
we  must  not  be  surprised  if  our  course  leads  to  discov- 
eries that  were  not  anticipated. 

The  research  man  must  be  continually  asking,  "Why?" 
He  must  not  accept  everything  as  being  fundamentally 
correct  in  its  present  state.  His  viewpoint  must  be  a 
constantly  changing  one.  He  must  not  settle  down  to 
the  state  where  he  feels  that  everything  is  satisfactory ; 
he  must  ask  himself,  "Why  do  I  do  this  thing  this  way?" 
The  fact  that  a  thing  has  never  been  done  must  not  dis- 
courage him  in  attacking  a  problem.  He  must  set  upon 
the  problem  as  it  exists  and  determine  why  it  has  never 
been  solved. 

As  an  illustration  of  the  viewpoint  a  research  man 
must  take,  Mr.  Kettering  quoted  a  recent  experience  he 
had  had  with  automobile  painting.  He  asked  his  men 
this  question :  "Why  not  paint  an  automobile  body  in 
1  hr.  instead  of  30  days?"  The  question  appears  ridicu- 
lous until  it  is  realized  that  the  research  man  immedi- 
ately perceives  that  he  must  attack  the  painting  problem 
in  an  entirely  new  way  if  he  is  to  make  a  satisfactory 
investigation.     He  immediately  realizes  that  such  a  sav- 


ing of  time  cannot  be  accomplished  with  the  present 
methods  and  materials.  This  particular  investigation 
did  not  lead  to  the  discovery  of  a  method  of  painting 
automobiles  in  1  hr.,  but  it  did  lead  to  a  surprisingly 
productive  piece  of  research,  as  a  result  of  which  the 
time  taken  to  paint  an  automobile  at  present  will  be 
materially  reduced. 

It  is  Mr.  Kettering's  belief  that  research  and  continu- 
ous development  will  be  the  salvation  of  the  automotive 
industry.  The  oft-anticipated  point  of  saturation  will 
not  be  reached  so  long  as  each  new  crop  of  automobiles 
represents  a  material  engineering  advance  over  those  of 
the  previous  year.  We  must  not  let  the  automotive  in- 
dustry crystallize;  we  must  not  accept  our  present  auto- 
mobiles as  satisfactory.  It  is  Mr.  Kettering's  belief  that 
there  is  plenty  of  opportunity  for  the  further  develop- 
ment of  the  present-day  automobile.  He  cited  tire- 
changing  and  ill-fitting  side  curtains  as  two  examples  of 
items  that  are  far  from  the  ideal.  We  must  continue  to 
build  automobiles  of  the  finest  material  and  with  the 
best  workmanship,  but  improvement  must  be  rapid,  so 
that  the  new  models  shall  be  attractive  enough  to  the 
owner  to  make  him  anxious  to  part  with  his  old  car. 
Automobile  design  must  and  will  change  in  the  next  five 
years  because  of  public  demand  and  a  continuing  incor- 
poration of  the  results  of  scientific  investigation  into  the 
finished  product. 

Charles  L.  Sheppy  acted  as  toastmaster  of  the  dinner. 
The  speaking  program  was  followed  by  a  most  enjoyable 
program  of  entertainment,  all  the  talent  being  members 
of  the  Buffalo  Section.  Otto  M.  Burkhardt  and  the  mem- 
bers of  his  Dinner  Committee  are  to  be  congratulated 
on  the  success  of  the  dinner  and  the  enthusiasm  it  will 
undoubtedly  arouse  among  the  Buffalo  members  of  the 
Society. 


RADIO  BROADCAST  SUCCESSFUL 

A  group  of  letters  received  from  enthusiastic  radio 
listeners  throughout  the  country  is  evidence  of  the  suc- 
cess of  the  radio  broadcasting  of  the  Annual  Dinner  of 
the  Society  in  New  York  City.  Letters  have  been  re- 
ceived from  points  as  far  distant  as  La  Crosse,  Wis., 
Quebec,  Canada,  Anderson,  Ind.,  Augusta,  Me.,  and  Ash- 
land, Ohio.  Members  of  Mr.  Kettering's  family  at  his 
home  in  Ohio  heard  his  remarks  as  toastmaster. 

The  success  of  this  innovation  will  result  undoubtedly 
in  the  broadcasting  of  future  programs  of  the  Society. 
Papers  at  the  technical  sessions  are  not  suitable  for 
broadcasting  because  of  their  usual  complexity  and  lack 


Schedule  of  Sections  Meetings 

FEBRUARY 

2 — Detroit   Section — Production    Meeting — The   Organization   of   Motor-Car    Construction    from   Layout    to   the 

Finished  Car — L.  V.  Cram,  H.  W.  Hayes  and  others 
2 — Washington  Section— Research  in  Aeronautics — George  W.  Lewis;  Recent  Developments  in  Aircraft  Power- 
plants   in  the  Navy — Lieut.   B.   G.   Leighton,  U.  S.  N. 
7 — Minneapolis  Section — Transportation  on  the  Upper  Mississippi  River  via  Barge,  Motor  Tow-Boat  and  Ter- 
minal Delivery  by  Truck — J.  S.  Brodie 
8 — Indiana  Section — Practical  Application  of  Lubricants — W.  F.  Parish 

8 — Metropolitan  Section — Joint  meeting  with  Automotive  Service  Association — Relation  of  the  Service  Station 
to  the  Factory  and  Engineering  Dept. — Speakers,  J.  W.  Lord  and  B.  B.  Bachman 
15 — New  England  Section — A  High-Speed   Engine  with  Unconventional  Valve-Gear — Rollin  Abell 
20— Dayton  Section— Alloy-Steel  Valves  and  the  Effect  of  Heat  on  Various  Steel-Alloys — Robert  Jardine 
21 — Pennsylvania  Section — Lubrication  Meeting 

23 — Buffalo  Section — The  Manufacture  of  Wire  Wheels — W.  W.  Davison;  The  Future  of  the  Steel  Disc  Wheel — 
J.  W.  White 
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of  appeal  to  the  general  class  of  radio  listeners.  The 
radio  broadcasting  stations  have  shown  an  interest  in 
popular  talks,  however,  and  those  Society  programs  that 
appeal  to  the  public  will  probably  be  carried  via  air  to 
our  members  in  the  future. 


FEATURE  PRODUCTION  MEETINGS 


Detroit  Section  to  Devote  Series  of  Meetings  to  Factory 
Problems 

The  Detroit  Section  intends  to  devote  all  of  its  meetings 
during  the  remainder  of  the  Section  year  to  matters 
closely  related  to  the  producing  arm  of  the  industry. 
It  is  the  intention  to  discuss  jointly  the  engineering  and 
the  shop  phase  of  each  problem  with  the  commendable 
object  of  bringing  designing  and  producing  men  into 
closer  relationship.  Interest  in  the  meetings  is  being 
stimulated  among  factory  men  and  a  large  attendance 
seems  assured. 

The  first  meeting  of  the  series  is  scheduled  for  The 
evening  of  Feb.  2  at  the  General  Motors  Building  on  the 
Grand  Boulevard:  The  Section  will  hold  all  of  its  meet- 
ings at  this  new  location  in  the  future.  L.  V.  Cram 
of  the  Chevrolet  Motor  Co.,  H.  W.  Hayes  of  Dodge  Bros, 
and  representatives  of  the  Ford  and  Studebaker  produc- 
tion divisions  will  address  the  meeting.  They  will  speak 
on  consecutive  steps  in  the  Organization  of  Motor-Car 
Construction  from  the  Layout  to  the  Finished  Car. 
The  meeting  starts  at  8  o'clock  and  will  be  preceded  by 
an  informal  supper  at  6 :30  p.  m. 


MID-WEST  SECTION  LUNCHEON 

The  Mid-West  Section  held  an  informal  luncheon  in 
Chicago,  Jan.  16,  for  the  purpose  of  selectihg  a  nominat- 
ing committee  whose  duty  it  will  be  to  select  a  ticket  of 
officers  for  the  next  Section  year.  The  committee  con- 
sists of  B.  S.  Pfeiffer,  W.  0.  Olson,  F.  H.  Ford,  W.  L. 
Kaiser  and  H.  E.  Kirby.  Reports  were  made  by  several 
committees,  that  on  membership  showing  that  the  Mid- 
West  Section  has  132  members  in  good  standing.  Plans 
for  Mid-West  Section  activity  at  the  summer  meeting 
were  discussed. 


GUERNSEY  TALKS  ON  RAIL-CARS 


Tells  Cleveland  Section  That  Demand  for  Them  is 
Limited 

Charles  0.  Guernsey  addressed  the  Cleveland  Section 
of  the  Society  on  Jan.  19  with  particular  reference  to  the 
self-contained  railroad  car.  Mr.  Guernsey  confirmed  the 
remarks  of  Elisha  Lee,  vice-president  of  the  Penn- 
sylvania Railroad  Co.,  whose  address  at  the  Annual 
Dinner  of  the  Society  is  printed  in  this  issue  of  The 
Journal.  He  stated  that  the  railroads  require  a  vehicle 
that  will  carry  approximately  80  passengers  at  a  speed 
up  to  40  m.p.h.  and  is  capable  also  of  carrying  a  propor- 
tionate amount  of  baggage. 

Mr.  Guernsey  touched  on  the  possible  market  for  such 
a  vehicle  and  it  was  somewhat  surprising  to  learn  that 
some  estimates  placed  this  as  low  as  1500,  the  highest 
estimate  being  about  7000  units.  In  the  course  of  the 
discussion,  which  was  very  animated,  several  speakers 
took  exception  to  this  figure  and  thought  that  possibly 
this  was  the  usual  under-estimate  of  a  new  proposition. 
It  was  brought  out  in  the  discussion,  that  the  expected 
life  of  a  motor-  rail-car  was  about  12  years.    This  would 


require  a  probable  production  of  between  300  and  40C 
per  year.  Mr.  Guernsey  pointed  out  that  the  situation 
was  further  complicated  by  every  railroad  insisting  upon 
its  own  specifications  with  the  result  that  practically 
every  vehicle  was  a  problem  in  itself.  The  automotive 
engineers'  work  on  the  rail-car  is  bringing  the  advan- 
tages of  alloy-steels  and  anti-friction  bearings  forcibly 
to  the  attention  of  the  railroad  people. 


MOTORBUS  CHASSIS  MUST  BE  SPECIAL 


Service  Conditions  Demand  a  Vehicle  Suitably  Designed 
to  Meet  Them 

The  time  is  past  when  any  good  motor-truck  chassis 
equipped  with  a  bus  body  is  a  satisfactory  public  convey- 
ance, in  the  opinion  of  H.  L.  Bollum,  president  of  the 
Twin  City  Motor  Bus  Co.  of  Minneapolis.  Mr.  Bollum 
addressed  the  Minneapolis  Section  of  the  Society  on  the 
evening  of  Jan.  3.  The  trend  of  motorbus  design  is 
toward  longer  wheelbases,  wider  frames  and  a  lower 
center  of  gravity.  It  is  not  reasonable  to  suppose  that 
any  chassis  can  be  built  so  that  it  will  meet  the  require- 
ments of  all  operating  conditions.  Different  motorbus 
chassis  will  be  needed  just  the  same  as  truck  operators 
require  trucks  of  differing  capacity.  Mr.  Bollum  felt 
that  there  will  be  as  much  difference  between  the  differ- 
ent types  required  as  there  is  between  a  touring  car  and 
a  heavy  truck. 

It  is  generally  agreed  that  the  fundamentals  of  good 
motorbus  design  are  stability  and  easy  riding;  touring- 
car  ability  with  motor-truck  stamina  is  wanted.  Strength 
is  essential  not  only  for  durability  but  also  for  safety. 
Ease  of  handling  is  another  important  factor  since  the 
average  driver  is  capable  of  only  a  given  amount  of  work 
and  the  easier  his  bus  steers  and  handles,  the  more  mile- 
age he  can  cover  in  a  day's  work.  Ease  of  operation  also 
lessens  accident  hazards. 

Mr.  Bollum  is  an  advocate  of  the  unit  repair  system 
where  any  unit  such  as  an  engine  or  rear  axle  can  be 
taken  out  and  replaced  from  stock  with  another  unit. 
Under  this  system,  the  worn  part  can  be  repaired  with- 
out unnecessary  delay  to  the  whole  motorbus. 

The  driver  is  the  largest  contributing  factor  to  su 
cessful  motorbus  operation,  in  Mr.  Bollum's  opinion. 
Upon  his  ability,  enthusiasm  and  loyalty  to  his  employer 
depends  the  difference  between  excessive  and  nominal 
operating  costs.  His  actions  have  a  direct  bearing  on 
every  item  of  expense.  He  must  be  a  chauffeur,  me- 
chanician, conductor  and  ticket  agent  all  in  one.  He  is 
the  medium  of  contact  between  the  public  and  the  com- 
pany. Upon  him  rests  the  responsibility  of  maintaining 
his  schedule,  collecting  all  the  fares  and  acting  as  a 
general  information  bureau.  His  employer  expects  him 
to  look  neat  and  clean  despite  the  fact  that  he  must 
change  tires  and  make  roadside  repairs  and  adjustments 
occasionally.  He  must  know  his  place  and  not  be  pre- 
sumptuous, at  the  same  time  tactfully  informing  passen- 
gers that  he  cannot  carry  on  a  conversation  and  drive  a 
motorbus  at  the  same  time. 

M.  O.  Moeller  presented  a  well  prepared  paper  on  the 
Mechanical  Requirements  of  Bus  Service.  He  took  up 
each  unit  in  the  motorbus  chassis  and  explained  the  spe- 
cial design  considerations  that  must  be  kept  in  mind 
when  building  a  satisfactory  motorbus  chassis. 

The  next  meeting  of  the  Minneapolis  Section  will  be 
held  on  Feb.  7  and  will  be  addressed  by  J.  F.  Brodie. 
Transportation  on  the  upper  Mississippi  will  be  outlined 
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giving  the  present  possibilities  for  river  transportation 
in  coordination  with  motor  transport.  Mr.  Brodie  will 
discuss  operations  by  motor  tow-boat  comparing  gas  and 
heavy  oil  engines  and  screw  propulsion  as  opposed  to 
paddle  wheels.  Terminal  facilities  will  be  touched  upon 
as  well  as  the  delivery  and  collection  of  freight  by  motor 
truck.  Minneapolis  Section  meetings  are  held  at  the 
Builders  Exchange  and  start  at  8  o'clock. 


TRUCKS  CANNOT  SUPPLANT  RAILROADS 


Motor  Transport  Officer    Presents    Army's    Emergency 
Control  Plan  at  Washington 

Motor  transportation  can  never,  either  in  an  emergency 
or  in  daily  commercial  practice,  replace  the  long-haul 
railroad  service  in  this  Country.  This  is  the  belief  of 
Major  Brainerd  Taylor  of  the  Quartermaster  Department 
of  the  United  States  Army  who  addressed  the  Washing- 
ton Section  of  the  Society  on  the  evening  of  Jan.  5. 
Major  Taylor  was  detailed  to  represent  the  Army  high- 
way transport  engineers  in  preparing  a  plan  for  relieving 
the  emergency  during  the  railroad  strike  of  1922.  He 
presented  the  details  of  this  plan  at  the  Washington  Sec- 
tion meeting  showing  a  map  and  a  manual  prepared  by 
the  Motor  Transport  Corps  for  use  by  civilian  and  Army 
truck  organizations. 

Major  Taylor  said  that  the  intense  school  of  highway 
transportation  in  France  during  the  war  was  the  best 
school  in  which  a  highway  transport  engineer  could 
possibly  have  received  his  education.  The  field  of  prac- 
tical highway  transportation  in  the  American  Expedi- 
tionary Force  was  more  valuable  to  commerce  than  any 
field  of  transportation  that  commerce  itself  has  developed 
so  far.  The  highway  transport  engineer  is  still  a  new 
and  much  doubted  individual.  If  there  were  more  of 
them  we  would  not  hear  so  much  about  "Ship  by  Truck" 
but  would  hear  more  about  "Ship  by  Highway  Trans- 
port." The  automobile  industry  would  not  be  selling 
trucks,  it  would  sell  fleets  of  trucks.  The  railroads  would 
not  be  talking  about  taxing  the  truck  operator  for  the 
use  of  highways  to  make  competition  fair,  lor  they  would 
be  the  greatest  beneficiary  from  a  highway  transport 
service  that  radiated  from  their  terminals. 

In  the  emergency  plan  described  by  Major  Taylor,  co- 
ordination of  motor  transportation  with  rail  and  water 
transportation  and  highway  traffic  control  are  exercised 
from  the  offices  of  motor  transport  centers  by  chief  dis- 
patchers, through  truck  dispatchers  who  are  located  at 
garages  and  cargo-spotters  who  are  located  at  railroad 
and  waterway  stops  and  terminals.  The  truck  equipment 
at  each  of  the  motor  transport  centers  bears  a  direct 
relation  to  the  amount  of  city  and  country  freight  col- 
lected and  distributed  from  railroads  and  waterway 
terminals  in  that  district. 

The  maintenance  of  motor  vehicles  in  the  system  is 
organized  and  centralized  to  effect  the  greatest  efficiency. 
Light  repairs  are  made  in  garages  under  the  supervision 
of  truck-center  administrative  officers.  Major  repairs, 
overhaul  and  salvage  are  conducted  at  central  shops  and 
depots.  Service  and  fuel  stations  are  connected  by  tele- 
phone through  the  offices  of  the  chief  dispatcher  to 
facilitate  timely  service  and  to  supply  information  for 
the  control  of  the  entire  system. 

A  paper  on  the  Engineering  Aspects  of  Traffic  was 
read  by  W.  P.  Eno  in  which  he  called  attention  to  some 
of  the  material  on  the  control  of  traffic  that  has  been 
published  under  his  direction.  He  stated  that  he  was 
not  in  favor  of  the  present  plan  of  regulating  traffic  by 


towers  as  employed  on  Fifth  Avenue  in  New  York  City. 
He  favored  the  rotary  system  of  traffic  control  at  con- 
gested centers  and  cited  the  arrangement  at  Columbus 
Circle  in  New  York  City  as  an  outstanding  example  of 
the  success  of  this  method.  The  papers  were  followed 
by  a  very  active  discussion  of  specific  examples  of  traffic 
congestion  in  some  of  the  larger  cities. 

The  next  meeting  of  the  Washington  Section  will  be 
held  on  Feb.  2  at  the  Cosmos  Club  Lecture  Hall  starting 
at  8  o'clock.  George  W.  Lewis,  executive  officer  of  the 
National  Advisory  Committee  for  Aeronautics,  will  speak 
on  Research  in  Aeronautics.  His  lecture  will  be  illus- 
trated with  lantern  slides  and  motion  pictures,  the  latter 
showing  the  recent  glider  competition  in  France.  A 
second  paper  will  be  presented  by  Lieut.  B.  G.  Leighton 
who  is  in  charge  of  the  aeronautic  engine  development 
of  the  Navy.  The  title  of  his  paper  will  be  Recent  De- 
velopments in  Aircraft  Powerplants  in  the  Navy.  It  will 
include  a  resume  of  the  lessons  learned  from  the  recent 
Pulitzer  Race  and  the  result  of  the  Navy's  adoption  of  a 
300-hr.  test  for  aircraft  engines  and  its  effect  on  recent 
engine  design.  He  will  also  touch  on  the  Navy's  experi- 
ence with  special  fuels  for  high-compression  engines. 


DETERMINING  VARNISH  QUALITIES 


Demonstration   of  Laboratory  Procedure  Supplements 
Presentation  of  Paper 

The  first  body  engineering  session  was  held  on  the 
afternoon  of  Tuesday,  Jan.  9,  George  W.  Kerr  presiding. 
Papers  on  Automobile  Finishing-Varnish,  by  L.  Valen- 
tine Pulsifer,  and  on  the  Needless  Hardwood  Lumber 
Waste,  by  Frederick  F.  Murray,  furnished  the  material 
for  discussion. 

Mr.  Pulsifer's  paper  was  accompanied  by  a  demon- 
stration of  laboratory  tests.  After  explaining  the  vari- 
ous qualities  that  are  included  under  the  terms  shop 
qualities  and  service  qualities,  with  the  aid  of  members 
of  his  staff  he  showed  how  they  might  be  determined 
experimentally.  First  showing  how  two  varnishes  might 
be  compared  with  regard  to  their  working,  flowing  and 
setting  abilities,  tests  then  were  made  to  indicate  how 
the  viscosity,  elasticity,  moisture  and  alkali  resistance, 
film-factor  and  service-durability  rating  were  ascer- 
tained. The  Kauri  reduction-test  for  determining  the 
gum-oil  ratio  upon  which  the  elasticity  of  the  varnish 
depends  was  described  in  detail. 

Replying  to  a  question  of  S.  G.  Tilden  in  the  discus- 
sion of  the  paper,  Mr.  Pulsifer  said  that  body  polishes 
not  only  do  not  increase  the  life  of  a  varnish  but  fre- 
quently contain  abrasive  material  that  is  destructive. 
Waxing  increases  the  varnish,  but  to  put  on  a  new  finish 
the  old  surface  must  first  be  removed.  Chairman  Kery 
brought  out  the  point  that  a  certain  amount  of  moistur ; 
in  the  drying  room  is  desirable  to  avoid  too  rapid  sett:vig 
of  the  varnish,  usually  a  difference  of  about  20  deg. 
between  the  wet  and  dry  bulbs  of  the  thermometer ;  with 
enforced  drying  this  might  reach  80  or  90.  In  answer 
to  F.  E.  McCleary,  Mr.  Pulsifer  stated  that  on  account 
of  the  number  of  variables  the  use  of  the  violet  ray  thus 
far  was  only  experimental.  Answering  Herbert  Chase, 
he  said  it  was  possible  to  produce  a  durable  finish  that 
is  not  lustrous,  but  that  by  adding  an  excessive  amount 
of  pigment  and  by  rubbing-down  a  varnish  such  as  a 
chassis  varnish  it  might  be  brought  to  a  dull  finish, 
the  durability  would  depend  on  the  quality  of  the  mate- 
rials used.     To  another  query  of  Mr.  McCleary,  he  re- 
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plied  that  toughness  rather  than  hardness  determines 
the  resistance  to  abrasion.  The  results  of  too  quick 
drying  and  too  great  hardness  are  too  little  understood ; 
the  durability  would  be  doubled  if  more  time  were  al- 
lowed in  the  application  of  the  varnish.  In  replying  to 
Mr.  Shidle,  Mr.  Pulsifer  said  that  price  does  not  follow 
the  rating  of  the  varnish  on  the  durability-rating  chart. 
Comparing  varnishes  D  and  A  on  the  chart,  the  ratio 
of  durability  is  6  to  1,  whereas  the  price-ratio  is  about 
2  to  1.  To  Mr.  Kerr's  point  regarding  rust  he  replied 
that  rusting  under  the  varnish  is  due  to  insufficient  clean- 
ing and  to  rust  that  has  not  been  removed  before  the 
primer  was  applied.  To  Mr.  Kendall's  question,  Mr.  Pul- 
sifer stated  that  distilled  water  has  more  effect  in  turn- 
ing varnish  white  than  has  salt  water.  Although  salt 
acts  as  an  abrasive,  it  is  the  dew  and  fog  that  cause  the 
most  damage  on  ships. 


CUTTING  CLOSED-BODY  PRODUCTION 
COSTS 


SIMPLIFIED  HARDWOOD  SPECIFICATIONS 


Revision  of  Existing  Obsolete  Grading  Methods  Urged 
to  Prevent  Waste 

Mr.  Murray  by  lantern-slides  showed  the  process  of 
obtaining  hardwood  lumber,  following  its  course  from  the 
cutting  of  the  tree  to  the  finished  product.  The  views 
included  the  felling  of  ash,  oak  and  gum  trees;  the 
manner  of  transporting  the  logs  to  the  sawmills  by  oxen, 
mules,  tractors  and  steam  trains;  the  methods  of  han- 
dling the  logs  at  the  mill;  quartersawing;  cutting  ve- 
neer; and  loading  the  lumber  on  the  cars.  The  only  way, 
he  said,  in  which  to  get  lumber  into  its  proper  classifica- 
tion is  by  grade  specifications.  Grade  structures  were 
written  before  the  automotive  industry  came  into  exist- 
ence. No.  1  top  grade  is  composed  of  firsts  and  seconds, 
but  there  are  not  enough  firsts  and  seconds  to  go  round. 
Grades,  therefore,  must  be  drawn  in  terms  of  certain 
cut-up  sizes.  Specifications  are  written  in  terms  of  sec- 
ondary defects  but  without  regard  to  how  the  defects 
appear  in  the  board.  The  idea  that  a  board  with  two 
defects  is  only  one-half  as  valuable  as  a  board  with  only 
one  defect  is  erroneous.  But  a  No.  2  board  is  very  de- 
sirable, while  a  No.  3  board  is  suitable  for  toys,  and  so  on. 
By  defining  boards  in  terms  of  the  cut-up  sizes  15  or  20 
per  cent  can  be  saved;  and  5  per  cent  would  be  worth- 
while, because  of  the  diminishing  supply  and  the  in- 
creasing demand.  The  specifications  should  take  a  cer- 
tain cut  as  a  minimum  and  increase  1  in.  at  a  time  up 
to  a  maximum  of  96  in.  The  question  resolves  itself 
into  a  tabulation  of  cut-up  sizes.  A  special  committee 
should  classify  cars  and  in  the  classification  include 
the  various  makes  and  body  styles,  so  that  the  com- 
mittee could  supply  a  list  that  would  represent  the 
automotive  field.  In  the  tabulation  of  the  cut  there  will 
be  shown  a  remarkable  standardization  of  size.  Getting 
'he  data  is  a  greater  task  than  reviewing  the  require- 
ments, and  the  proper  way  of  doing  so  would  have  to 
1;  worked-out.  The  American  specifications  are  the 
greatest  movement  ever  sponsored  by  the  Department 
of  Commerce.  A  good  plan  to  conserve  hardwood  would 
be  for  Congress  to  prohibit  the  shipping  of  lumber  ex- 
cept to  automotive  and  farm  implement  industries,  and 
not  to  the  building  trades.  In  Memphis  a  movement 
started  to  use  2x4-in  pieces  for  building,  to  secure  a 
better  market,  as  more  defects  are  allowed.  The  pro- 
ducers also  look  to  the  railroads  to  use  the  gum  tie. 
By  treating  the  ties  immediately  after  being  cut  the 
incipient  stages  of  decay  are  controlled  and  the  mechani- 
cal wear  and  resistance  to  rot  are  increased. 


Wire  Mesh,  Buckram  and  Leather  Substitutes  Utilized 
Instead  of  Sheet  Metal 

At  the  second  body  engineering  session,  held  on 
Wednesday,  Jan.  10,  with  G.  E.  Goddard  presiding,  the 
papers  were  by  George  J.  Mercer,  on  Cheaper  Closed- 
Body  Construction,  and  by  J.  B.  Davis,  on  the  Testing 
of  Leather  Substitutes  and  Top   Material. 

Mr.  Mercer  called  attention  to  the  fact  that  the  esti- 
mated output  of  closed  cars  for  1922  is  635,000,  which 
is  about  double  that  of  1921  and  nearly  three  times  that 
of  1919;  and  that  the  ratio  of  closed  to  open  bodies  is 
constantly  increasing.  Commencing  with  the  all-wood 
body  similar  to  that  of  a  carriage,  first  aluminum  and 
later  sheet-steel  were  substituted  for  the  panels,  then 
the  all-steel  body  was  introduced.  The  last  named  has 
the  advantage  that  when  assembled  it  can  be  bake- 
enameled,  which  increases  the  durability  and  saves  time. 
But  this  necessitates  the  continuing  of  one  model  for  a 
long  time  and  also  limits  the  finish  to  black.  Other 
methods  of  reducing  the  cost  of  production  include 
smaller  bodies  of  simpler  design  with  straighter  lines 
and  rounded  corners,  fewer  moldings,  duplicate  glass- 
sizes,  simpler  door-hinges  and  trimmings,  fabric  roofs 
and  improved  painting  methods.  A  recent  effort  at 
reducing  the  cost  is  by  constructing  the  body  in  sec- 
tions and  shipping  it  in  the  knockdown  shape.  A  radical 
innovation  is  the  covering  of  the  body  entirely  with 
fabric  over  a  foundation  of  wire  and  buckram  which  is 
fastened  to  the  conventional  wood  framing. 

To  those  who  are  familiar  with  the  California  top  the 
idea  is  not  new  and  the  durability  is  well  known.  The 
fabric  body  has  the  advantage  of  using  a  foundation 
that  is  cheaper,  lighter,  more  easily  and  quickly  ap- 
plied, yet  is  of  sufficient  rigidity  to  retain  its  shape 
when  molded.  In  appearance  it  is  said  to  resemble  the 
landau  leather  that  has  always  added  a  satisfying  finish 
to  high-priced  cars.  Two  years  of  service  in  all  kinds 
of  weather  has  shown  the  finish  to  have  lasting  qualities 
and  brightening  it  requires  nothing  more  than  the  fric- 
tion of  a  soft  cloth;  its  elasticity  is  sufficient  to  absorb 
shocks,  while  at  the  same  time  its  non-conductance  of 
heat  renders  it  warm  in  winter  and  cool  in  summer. 
The  weight  is  said  to  be  3i  lb.  per  sq.  ft.  as  compared 
with  7/s  lb.  for  aluminum  and  1V2  lb.  for  steel.  The 
flat  cost  of  the  covering  and  the  foundation  material 
on  the  sample  body  described  in  the  paper  was  26  cents 
per  sq.  ft.  Aluminum  costs  30  cents  per  sq.  ft.  and 
steel  7  cents,  not  including  the  stamping  and  hammer 
costs  as  well  as  the  finishing  and  painting.  The  work 
of  designing,  millwork  and  framing  is  the  same  as  for 
an  ordinary  body  but  a  great  saving  is  to  be  made  in 
finishing;  two  men  finished  both  the  interior  and  ex- 
terior of  a  car  in  2  weeks.  No  such  care  was  required 
to  protect  the  outer  surface,  which  was  finished  first,  as 
would  have  been  necessary  had  the  surface  been  painted. 
Even  when  shipped  the  body  was  not  covered.  As  enam- 
eling is  a  quicker  operation  than  painting,  the  fabric- 
covered  body  will  effect  a  saving  in  time  of  from  5  to  11 
days  according  to  the  quality  of  the  work  considered. 
Imitation  leather,  more  properly  called  leather-cloth, 
heretofore  has  been  made  only  with  a  semi-dull  finish, 
but  the  high  luster  of  the  new  process  offers  an  addi- 
tional attractive  feature.  Summing  up,  the  actual  bene- 
fits to  be  derived  from  a  fabric-covered  body  are  that 
it   is  of  lighter  weight,   is  more  quickly  fabricated,   is 
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sound-proof  and  suitable  for  all  seasons,  has  unequalled 
flexibility  of  construction  that  will  allow  the  more  ex- 
pensive shapes  to  be  made  cheaply,  and  at  the  same  time 
possesses  a  finish,  design  and  attractiveness  comparable 
to  bodies  made  With  the  customary  materials. 

About  80  persons  were  present  during  the  reading  of 
Mr.  Mercer's  paper  and  the  interest  that  it  aroused  was 
indicated  by  a  lively  discussion  which  was  taken  part 
in  by  Messrs.  E.  W.  M.  Bailey,  Chairman  Goddard,  G. 
W.  Kerr,  L.  C.  Hill,  Edward  Wotton,  P.  W.  Steinbeck, 
Alvin  Hunsicker,  H.  B.  Day  and  L.  L.  Williams.  Replying 
to  questions,  Mr.  Mercer  explained  that  the  forming  of 
the  wire  on  the  body  was  done  by  hand  and  that  the  upper 
round  back-corner,  which  was  expected  to  give  trouble, 
was  found  to  be  surprisingly  easy.  Usually,  he  said, 
it  would  be  better  to  put  the  buckram  on  a  form  and 
let  it  dry  before  installing  it,  especially  in  mass  pro- 
duction. Regarding  the  necessity  of  making  the  wood- 
frame  structure  stronger  at  the  joints  than  when  metal 
panels  are  used,  he  had  decided  that  it  would  make  no 
difference  except,  possibly,  in  special  cases. 

Three-point  engine  suspension  gives  greater  flexibility 
of  the  chassis  but  has  a  tendency  to  distort  the  frame; 
the  fabric  construction  would  make  the  body  more  uni- 
formly flexible  rather  than  localize  this  distortion.  The 
tendency  of  leather  to  stretch  and  sag  is  not  apparent 
in  leather  cloth  on  account  of  its  being  stretched  and 
shrunk  in  much  the  same  manner  as  paper  on  a  drafting- 
board.  Two  years  of  hard  service  has  failed  to  show 
any  deterioration.  Mr.  Warren  emphasized  the  differ- 
ence between  the  construction  of  a  passenger  car  and  a 
motor-coach,  the  latter  requiring  much  greater  strength 
and  stiffness  on  account  of  the  greater  width  between 
the  supports,  but  if  the  coach  were  to  run  on  pneumatic 
tires  at  a  high  rate  of  speed  such  as  might  be  demanded 
on  interurban  service  the  question  of  flexibility  would 
be  important.  With  regard  to  possible  bulging  between 
the  moldings  and  on  the  sidesweeps  and  turn-under,  no 
trouble  was  experienced  as  the  material  is  fastened  under 
the  molding  before  the  molding  is  applied.  The  sur- 
face of  the  leather  cloth  is  not  soft  and  flexible  but  it 
is  stretched  tightly  over  a  firm  foundation.  No  wadding 
is  required  because  the  surface  is  built  full  before  the 
material  is  put  on.  With  regard  to  the  patent  aspect 
Mr.  Mercer's  understanding  was  that  there  would  be  no 
restrictive  methods  used  to  prevent  any  body-builder 
from  availing  himself  of  this  form  of  construction  but 
that  Mr.  Childs  would  undoubtedly  protect  himself  in 
some  way  and  endeavor  to  reimburse  himself  for  the 
money  he  had  spent  in  conducting  2%  years  of  experi- 
mental work. 

Chairman  Goddard  believed  the  all-steel  body  would 
come  eventually,  because  when  produced  in  a  sufficient 
quantity  the  cost  is  less;  it  can  be  pressed  out  of  the 
sheet,  electrically  welded,  assembled  and  enameled  in 
somewhat  over  a  day  of  actual  time,  whereas  a  wooden 
sedan  body  requires  about  106  days,  including  18  or  19 
for  painting.  To  demonstrate  whether  a  stiffer  frame 
will  be  required  to  prevent  the  joints  loosening  up  in 
service  a  test  car  will  be  put  on  the  road  in  February 
and  tried  out  on  hard  roads  in  bad  weather.  Patching 
can  be  made  as  easily  as  with  wood  or  metal  panels.  If 
the  modern  method  of  building  were  used,  replacing  a 
section  would  be  easier  than  repairing. 

The  use  of  fabric  panels  in  buses  was  said  by  Mr. 
Wotten  to  be  adequate  for  anything  short  of  a  collision, 
but  that  excessive  distortion  would  have  to  be  taken 
care  of  by  additional  braces. 

To  E.  W.   M.   Bailey's   question,   Mr.   Mercer   replied 


that  the  elasticity  of  the  fabric  appeared  to  be  one  of 
its  most  attractive  features,  for  every  closed  body  must 
twist;  the  frame  instead  of  being  made  heavier  should 
be  made  lighter  with  heavier  joints.  G.  W.  Kerr  stated 
that  he  had  made  experiments  in  which  a  chassis  had 
been  twisted  1%  in.  He  believed  the  tendency  was  in 
the  direction  of  the  unbendable  and  untwistable  frame. 
Even  with  the  stiffest  bodies  the  glass  frequently  breaks 
because  of  a  sudden  twist.  He  thought  that  sagging 
was  caused  not  by  stretching  but  by  shrinking.  Leather 
tops  on  carriages  always  used  to  shrink.  The  soft  roof 
has  proved  satisfactory  in  deadening  sound.  In  the  old 
days  the  green  hide  was  stretched  over  the  roof  and 
down  the  sides  and  the  back;  it  was  then  painted,  rough- 
stuffed,  varnished  and  finished,  as  if  it  were  wood. 
Alvin  Hunsicker  compared  the  fabric  to  that  of  which 
a  Van  Heusen  collar  is  made,  two  fabrics  being  con- 
structed in  a  different  way  and  put  together  with  water- 
proof cement,  so  that  they  cannot  stretch.  Referring  to 
Mr.  Kerr's  remarks  on- the  stiffness  of  the  chassis,  Chair- 
man Goddard  remarked  that  there  was  no  doubt  that 
the  frame  was  becoming  stiffer.  There  should  be  no 
spring  in  the  frame;  all  the  flexibility  should  be  in  the 
springs.  These  are  usually  made  to  carry  correctly 
three-quarters  of  the  passenger  load;  that  is,  a  five- 
passenger  body  will  ride  under  average  conditions  with 
three  and  one-half  to  four  passengers.  A  check  that  he 
had  made,  which  was  confirmed  by  E.  S.  Jordan,  showed 
that  during  a  period  of  6  months,  as  observed  on  street 
corners,  the  average  number  of  passengers  carried  per 
car  was  1.6.  He  noted  that  the  Hotchkiss  frame  referred 
to  by  Mr.  Kerr  not  only  had  cross  bracing  but  was  built 
much  heavier  than  was  necessary  and  that  the  inter- 
section of  the  four  members  of  the  cross  was  drilled  with 
holes,  evidently  for  the  purpose  of  mounting  a  gun. 
L.  C.  Hill  called  attention  to  the  recent  canvass  of  the 
National  Automobile  Chamber  of  Commerce  which 
showed  that  60  per  cent  of  the  users  of  cars  want  closed 
and  40  per  cent  want  open  bodies ;  methods  of  cutting 
down  the  cost  of  closed  bodies,  therefore,  should  be 
considered. 

Mr.  Mercer,  replying  to  a  question  on  the  proper 
method  of  applying  the  molding,  said  that  the  best  way 
seemed  to  be  to  apply  a  separate  panel  with  a  piping, 
which  is  made  by  the  fabric  being  brought  over  a  reed. 
The  piping  is  %  in.  in  diameter  and  is  fastened  to  the 
panel  before  it  is  inserted.  The  panel  is  pushed  in  and 
covers  the  opening.  Mr.  Bailey  said  that  he  had  used 
half-oval  drawn-steel  molding  with  stubby-headed  nails 
spot-welded  on  the  flat  side,  instead  of  the  lead-filled  mold- 
ing that  Mr.  Mercer  considered  too  expensive.  Being  of 
steel,  high  baked  enamel  could  be  used  and  the  steel 
could  be  dented  without  spoiling  the  enamel. 

Mr.  Kerr  remarked  that  while  fabric  would  eliminate 
the  drumming  noises  that  come  from  the  roof,  the  roof 
was  not  the  source  of  all  noise;  that  he  had  stopped 
"booming"  by  placing  his  hand  on  the  glass  on  each  side, 
the  "booming"  being  caused  by  the  fact  that  the  vibra- 
tion of  the  glass  and  that  of  the  chassis  were  in  syn- 
chronism. Mr.  Hill  suggested  that  the  rumble  had  been 
taken  out  of  one  series  of  Packard  cars  by  adding  3  in. 
to  the  tail  pipe  of  the  muffler.  Mr.  Goddard  added  that 
lengthening  the  pipe  or  increasing  its  size  steps  the 
vibration  up  to  a  higher  mile-per-hour  speed  and  that, 
while  it  is  still  there,  it  is  not  so  noticeable.  The  other 
vibrations  due  to  the  engine  must  be  overcome  by  sound- 
proofing. Some  of  the  noise  is  transmitted  through  the 
body-front  structure  and  appears  more  in  the  front  sec- 
tion of  the  roof.     This  frequently  can  be  obviated  by 
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padding  the  front  portion  between  the  first  two  ribs. 
Mr.  Mercer  replied  that  he  had  been  told  that  morning 
by  a  body-builder  that  the  trouble  had  been  obviated 
by  changing  the  method  of  bolting  to  the  frame,  by  mov- 
ing the  first  bolt,  which  had  previously  been  put  close  up 
to  the  dash,  back  9  or  10  in.  Chairman  Goddard  thought 
that  the  steel  dash,  which  is  in  almost  universal  use, 
being  located  at  a  point  where  the  three-point  support  on 
the  chassis  has  its  effect,  acted  as  a  sounding-board  and 
was  responsible  for  about  half  the'  noise  in  the  body  that 
is  not  in  the  roof.  He  added  that  outside  of  increased 
quantity  production  the  principal  directions  in  which 
cost  could  be  reduced  lie  in  the  use  of  some  new  material 
such  as  fabric  by  which  the  body  could  be  covered  faster 
than  it  could  be  painted;  the  study  of  the  sequence  of 
the  various  trimming  and  assembling  units  so  that  they 
shall  not  get  in  one  another's  way ;  and  the  study  of 
demountable  construction.  Another  speaker  declared 
that,  in  his  opinion,  the  only  way  to  cut  down  the  cost 
of  bodies,  outside  of  those  custom-made,  was  by  making 
them  simpler,  omitting  all  the  frills  and  dispensing  with 
as  many  moldings  as  possible.  Chairman  Goddard  inter- 
polated the  suggestion  that  members  should  endeavor  to 
avoid  the  use  of  the  terms  "pleasure  car"  and  "sport 
model"  and  lay  stress  on  the  word  "phaeton,"  which  was 
approved  at  the  meeting  of  the  Standards  Committee  that 
was  held  in  New  York  City  in  January  of  last  year,  to 
denote  what  has  been  known  as  "touring  car." 

Replying  to  Mr.  Hill's  query  as  to  the  reception  of 
artificial  leather  by  the  public,  Chairman  Goddard  said 
that  the  difference  in  price  between  a  sedan  trimmed 
in  mohair  velvet,  and  painted  and  varnished  on  the  out- 
side, and  the  black-enameled  steel  body-construction, 
trimmed  in  Spanish  leather  on  the  cushions  and  backs 
and  imitation  leather  on  the  sides,  made  comparison 
difficult;  that  it  was  a  question  of  utility;  that  the  use 
of  mohair  velvet  and  of  enamel  gives  the  car  a  higher 
second-hand  value.  Mr.  Day  stated  that  he  had  the  first 
California  top  made;  that  he  had  a  car  on  which  fabric 
had  been  used  and  had  driven  it  over  60,000  miles, 
including  a  trip  from  California  to  Philadelphia  and 
back,  over  very  bad  roads  in  Arizona  and  California; 
that  it  had  been  in  the  desert,  in  the  snow,  had  been 
exposed  to  salt  water  and  to  the  sun,  in  a  climate  where 
there  is  8  or  9  months  of  heat,  and  that  it  looks  very 
nearly  as  good  today  as  when  it  was  turned  out.  Mr. 
Williams  inquired  why  the  Society  did  not  decide  what 
to  do  to  cheapen  construction.  He  asked  why  mortised 
joints  are  necessary,  instead  of  half-lapping  them  and 
sinking  in  a  screw;  why  glue  is  used  for  certain  parts 
rather  than  a  screw;  why  a  door  is  employed  that  laps 
three  times  and  a  weather  strip  is  then  put  inside  it; 
why  not  cut  out  the  breaker-strip  on  the  wood-frame  door 
and  lap  the  panel  over  the  door;  why  specify  silver 
plate-glass ;  why  use  five  screws  on  a  weather-strip  when 
two  or  three  would  be  sufficient;  why  use  nails  1%  in. 
apart  on  a  panel  when  the  panel  could  be  torn  off  if 
they  were  4  in.  apart.  Mr.  Steinbeck  replied  that  such 
questions  had  been  answered  by  Ford  bodies,  but  Ford 
bodies  could  not  be  put  on  a  Lincoln,  Packard  or  Rolls 
Royce  car;  that  different  qualities  are  required  from  the 
body  engineer  as  well  as  the  chassis  engineer.  Chair- 
man Goddard,  in  closing  the  discussion,  said  that  the 
whole  matter  went  back  to  quantity  production;  that 
operations  can  be  conducted  more  simply  and  more 
cheaply  by  increasing  the  equipment  but  that  the  cost 
of  the  increased  equipment  of  jigs,  tools,  fixtures,  dies, 
forms  and  similar  appliances  required  could  be  cared  for 
only  by  spreading  it  over  a  sufficiently  large  quantity 
of  completed  bodies. 


COOPERATION  ANNUAL  DINNER  KEYNOTE 


Between  Fuel  and  Automotive  Industries  and  Railroads 
and  the  Motor  Truck 

On  Thursday  evening,  Jan.  11,  977  members  and  their 
guests  attended  the  Annual  Dinner  of  the  Society  in  the 
ballroom  of  the  Hotel  Pennsylvania.  Retiring  President 
B.  B.  Bachman  presided.  With  him  at  the  speakers'  table 
were  prominent  representatives  of  the  various  branches 
of  the  industry.  Each  table  seated  10  persons  but  so 
large  was  the  crowd  that  the  use  of  both  the  main  floor 
and  the  balcony  was  required  and  even  then  all  available 
space  was  occupied.  A  musical  program  was  rendered 
throughout  the  dinner  by  the  popular  Vincent  Lopez 
orchestra  of  the  hotel. 

President  Bachman  questioned  the  advisability  of  hold- 
ing future  meetings  of  the  Society  during  the  week  of 
the  Automobile  Show,  because  the  number  of  counter- 
attractions  at  that  time  affected  the  attendance  at  the 
technical  sessions,  and  cited  the  recent  Production  meet- 
ing in  Detroit,  which  was  notable  on  account  of  the  large 
attendance  and  the  value  of  the  proceedings.  After  ex- 
pressing his  appreciation  of  the  support  that  had  been 
given  him  during  his  term  of  office  by  the  members  of 
the  Society  and  bespeaking  a  continuation  of  it  in  behalf 
of  his  successor,  President-Elect  Alden,  he  introduced  C. 
F.  Kettering,  who  acted  as  toastmaster. 

Mr.  Kettering  recalled  the  fact  that  at  the  dinner  a 
year  ago  the  subject  of  the  address  was,  Has  Business 
Really  Turned  the  Corner?;  that  a  number  of  predictions 
had  been  made  for  the  coming  year,  most  of  which  had 
come  true;  and  that  red  paint  and  nickel-plating  had 
again  come  into  their  own;  that  when  Henry  Ford  was 
asked  by  Will  Rogers  at  how  low  a  price  he  could  afford 
to  sell  his  cars,  Ford  was  quoted  as  saying  that  if  he 
were  to  give  away  the  car  in  a  few  months  the  sale  of 
supply  parts  to  replace  those  lost  would  pay  for  the  car; 
that  Ford  was  the  only  one  to  acknowledge  what  the  rest 
leave  to  their  customers  to  find  out.  Styles  in  motor  cars, 
Mr.  Ketting  said,  are  exactly  opposite  to  the  styles  in 
women's  dress.  It  used  to  be  the  case  that  when  a  car 
would  not  start  it  was  the  fault  of  the  starter ;  now  it  is 
the  spark-plug,  a  set  of  which  can  be  bought  for  $4.  The 
fuel  and  the  motor  car  industries  have  finally,  got  to- 
gether, the  petroleum  industry  having  recognized  at  last 
that  the  Society  had  in  it  some  very  good  men;  at  a 
recent  meeting  a  resolution  was  drawn  up  to  the  effect 
that  the  public  will  continue  to  use  such  fuel  as  the  pro- 
ducers care  to  produce  at  such  prices  as  they  care  to 
charge;  that  the  engineers  will  build  such  engines  as 
they  please,  which  will  give  such  mileage  as  they  do  not- 
withstanding the  claims  of  the  advertising  manager. 

The  keynote  of  the  address  of  Elisha  Lee,  Vice-Presi- 
dent of  the  Pennsylvania  Railroad  Co.,  the  principal 
speaker  of  the  evening,  was  cooperation.  On  the  prin- 
ciple of  "live  and  let  live,"  he  pleaded  for  a  unification  of 
transportation  effort  and  a  division  of  the  long-haul  and 
the  short-haul  business,  leaving  the  former  to  the  rail- 
roads because  they  can  handle  it  more  efficiently,  and  the 
latter  to  the  motor  trucks,  because  they  are  peculiarly 
adapted  to  store-door  collection  and  delivery.  He  be- 
lieved that  better  results  would  be  obtained  by  building 
roads  through  undeveloped  sections  and  putting  those 
sections  in  connection  with  the  main  arteries  of  trans- 
portation than  by  paralleling  existing  systems  and  divid- 
ing up  the  business  that  is  barely  sufficient  to  maintain 
the  systems  in  operation  at  present.  As  an  instance  of 
over-development  he  cited  two  cities  of  the  Middle  West, 
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already  connected  by  two  railroads  and  by  interurban 
electric  lines,  that  were  further  joined  by  concrete  roads 
over  which  several  motor-truck  lines  are  operating, 
thereby  giving  these  cities  greater  transportation  facili- 
ties than  those  enjoyed  by  New  York  City  and  Phila- 
delphia, in  the  Country's  most  densely  populated  section. 
He  said  that  if  the  volume  of  traffic  were  found  insufficient 
to  support  both  rail  and  motorbus  lines  it  would  seem 
only  fair  that  the  people  should  decide  which  form  of 
service  they  desire  and  abandon  the  other;  that  in  some 
localities  the  railroads  were  foixed  to  run  accommodation 
trains  which  did  not  pay  half  the  cost  of  operation. 

Mr.  Lee  did  not  believe  that  motor  vehicles  and  con- 
crete highways  would  erase  the  railroads  from  the  map, 
as  some  persons  have  been  led  to  believe,  but  that  they 
would  add  greatly  to  the  utility  and  efficiency  of  the  rail- 
roads by  rounding-out  and  completing  the  service,  re- 
lieving the  railroads  of  certain  forms  of  burdensome  and 
costly  service  that  can  be  made  attractively  profitable  to 
the  motor  vehicle,  whose  function  is  not  to  do  what  the 
railroads  are  equipped  to  do  successfully  but  to  do  what 
the  railroads  are  unable  to  do  or  to  do  only  with  difficulty. 
Although  there  are  approximately  12,000,000  motor 
vehicles  in  the  United  States,  the  freight  traffic  of  the 
railroads  has  nearly  tripled  since  1900.  The  question  is 
one  of  wholesaling  and  retailing,  the  railroads  handling 
best  the  mass  transportation  over  considerable  distances 
and  the  motor  truck  the  freight  pick-up  work  in  the  larger 
cities  in  less-than-carload  lots.  Coordination  of  this  kind 
would  be  a  vast  improvement  over  the  haphazard  facili- 
ties usually  at  the  disposal  of  shippers  and  consignees, 
who  thus  would  have  the  benefit  of  a  semi-express  service. 
Whether  terminal  trucking  should  be  done  by  the  rail- 
roads or  independently  would  require  careful  study,  but 
the  added  complication  of  management  and  possible  re- 
strictive legislation  seem  to  favor  independent  operation. 
The  radius  of  the  economic  operation  of  motor  trucks 
around  a  large  city  probably  would  be  about  25  miles  for 
less-than-carload  lots;  for  longer  distances  greater  effi- 
ciency might  be  obtained  by  the  use  of  trucks  for  col- 
lection and  delivery  and  the  railroad  for  the  intermediate 
line-haul.  The  use  of  motor-driven  rail  cars  for  pas- 
senger service  on  branch  lines  was,  he  said,  a  problem 
for  the  automotive  engineer.  The  railroads  were  care- 
fully studying  every  new  design  brought  out  but  thus 
far  none  had  been  produced  that  could  fully  and  satis- 
factorily fulfill  the  requirements.  The  primary  purpose 
in  both  railroad  and  motor  truck-transportation  should 
be  development  along  sane  and  sensible  lines  and  the 
rendering  of  the  maximum  service  of  which  each  is 
capable. 

Toastmaster  Kettering,  in  introducing  Herbert  W. 
Alden,  assured  the  members  that  the  new  president-elect, 
having  carried  the  burdens  of  the  industry  for  so  long 
on  his  axles,  could  be  counted  on  to  carry  those  of  the 
Society  in  an  equally  effective  and  satisfactory  manner. 

The  new  president  outlined  concisely  some  of  the  plans 
of  the  Society  for  the  coming  year.  He  expressed  his 
gratification  at  the  response  of  members  who  had  been 
asked  to  serve  on  various  committees,  saying  that  out 
of  42  to  whom  requests  had  been  sent  only  one  had  been 
unable  to  accept.  Agreeing  with  Mr.  Bachman,  he  be- 
lieved that  the  technical  sessions  should  be  held  at  some 
time  and  place  other  than  that  of  the  annual  automobile 
show;  also  that  too  much  emphasis  had  been  placed  on 
the  engineering  side  of  the  work  and  that  efforts  should 
be  made  to  bring  the  engineering  and  production  sections 
into  closer  relation.  He  announced  that  H.  M.  Crane  had 
consented  to  continue  for  another  year  as  Chairman  of 


the  Research  Committee,  and  that  B.  B.  Bachman  would 
serve  as  Chairman  of  the  Highways  Committee.  Special 
attention  will  be  given  to  strengthening  the  local  Sections 
of  the  Society. 


USE  OF  LEATHER  CLOTH  ADVOCATED 


Methods    Employed    Commercially    for   Testing    Auto- 
mobile Materials  Outlined 

J.  B.  Davis,  in  his  paper  on  the  Testing  of  Leather 
Substitutes  and  Top  Materials,  after  a  short  historical 
introduction,  discussed  the  various  qualities  of  fabrics, 
and  of  leather  cloth  in  particular,  that  should  be  embodied 
in  specifications,  and  described  the  methods  of  determin- 
ing these  qualities  by  test.  He  showed  that  leather  cloth 
was  first  manufactured  in  England  in  1800  and  in  this 
Country  in  1850.  From  a  beginning  in  which  a  few 
hundred  yards  per  day  was  considered  a  heavy  production, 
the  output  has  increased  steadily,  reaching  in  1922  a 
total  of  50,000,000  yd.  Among  its  uses  are  one-man  tops, 
curtains,  upholstery,  linings,  gimps,  welting,  truck  covers 
and  lining,  mudcaps,  spring  covers,  and  the  curtains  and 
covers  of  truck  cabs.  Other  fabrics  in  use  include  muslin, 
drill,  twill,  sateen,  moleskin  and  duck.  The  non-scratch- 
able  feature  of  the  patent-leather  finish  gives  to  leather 
cloth  many  advantages  over  a  painted  and  varnished  steel 
surface  and  makes  it  particularly  desirable  in  body  con- 
struction. As  the  amount  used  on  each  car  is  small, 
quality  is  more  important  than  price  and  the  most  de- 
sirable attributes  are  durability  and  appearance.  With 
regard  to  appearance,  the  luster,  smoothness,  softness, 
finish  and  color  must  be  considered.  The  desirability  of 
other  fabrics  for  specific  purposes  is  judged  by  the  weave, 
construction,  thread-count,  weight,  and  the  like. 

By  lantern-slides  the  various  pieces  of  laboratory  ap- 
paratus were  shown  and  the  methods  of  conducting  the 
several  tests  were  described  in  detail.  These  tests  cov- 
ered the  composition  of  the  material;  the  uniformity  of 
its  weight;  its  resistance  to  wear  as  determined  by  rub- 
bing ;  tensile  and  bonding  strength ;  resistance  to  stretch 
and  puncture;  thickness;  toughness  and  adhesion  of  the 
coating;  resistance  to  water,  shrinkage,  fire,  and  heat; 
and  the  cleansability  and  resistance  to  gasoline.  Other 
slides  showed  the  effects  of  natural  and  artificial  aging 
and  of  exposure,  on  water  resistance,  flexibility  and 
toughness;  the  variations  of  skin  properties,  and  the 
checking  of  the  uniformity  of  pigments  and  fillers. 

In  the  short  time  that  remained  for  the  discussion, 
which  was  participated  in  by  G.  W.  Kerr,  H.  C.  Mougey 
and  C.  M.  Manly,  Mr.  Kerr  brought  out  the  point  as  to 
whether  tests  of  uncoated  fabrics  from  different  makers 
did  not  show  a  difference  in  strength,  even  though  the 
fabric  might  have  the  same  characteristics  of  weave, 
weight  and  thread-count.  This  was  answered  in  the 
affirmative,  and  was  said  to  be  due  to  the  length  of  the 
fiber  of  the  cotton,  amount  of  twist  and  other  factors. 
Replying  to  the  query  of  Mr.  Mougey,  Mr.  Davis  stated 
that  by  combining  the  action  of  water  and  wind  with  that 
of  a  mercury-arc  light,  which  reproduces  the  actinic 
rays  of  the  sun,  in  a  small  cabinet,  aging  of  material 
might  be  accomplished  in  a  few  days  that  formerly  took 
from  6  months  to  1  year.  Mr.  Manly  added  that  in  his 
experience  during  the  war  there  was  a  great  difference 
in  strength  between  long  and  short-staple  cotton;  that 
twisting,  mercerizing  and  different  chemical  treatments 
had  great  difference  in  their  effect;  that  the  simplest 
way  to  determine  the  effect  of  the  number  of  twists  is  to 
subject  the  sample  to  test  rather  than  to  follow  the  course 
of  the  cotton  through  the  mill. 
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Applicants 

for 

Membership 


The  applications  for  membership  received  between  Dec. 
15.  1922  and  Jan.  15,  1923.  are  given  below.  The  members 
fit"  the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Alm,  Bruno,  designer,  Yellow  Coach  Mfg.  Co.,  Chicago. 

Ai.mex,  J.  O.,  chief  engineer,  Almen  Motors,  Inc.,  Seattle,  Wash. 

Atkinson,   Roeebt,   metallurgist    and   chemical    engineer,    Halcomb 
Steel  Co.,  Detroit. 

Beverley,  Lieut.  George  H.,  Air  Service,  Kelly  Field,  San  Antonio, 
Tex. 

Brooks,  Capt.  Joseph  L.,  Camp  Holabird,  Baltimore. 

Brossard,  Edward  V.,  student,  University  of  Minnesota,  Minneapolis. 

Brown.  Nelson  Turner,  superintendent,  Philadelphia  Rapid  Transit 
Co.,   Philadelphia. 

Coleman.  Lawson  Davidson,  student,  Georgia  School  of  Technology, 
Atlanta. 

Dailey,    J.     B.,     chief     metallurgist,    General    Motors    Corporation, 
D<  troit. 

Davenport,  George  R.,  special  engineer,  Studebaker  Corporation  of 
America.  Detroit. 

Des  Roches,  Philip  W.,  inspector  transmission  gearing  department, 
Ford  Motor  Co.,  Highland  Park,  Mich. 

Dunning,    Leighton,    engineer,    John    Warren    Watson    Co.,    Phila- 
delphia, 

Dykeman.    G.    Warren,     service    representative,     Detroit     Cadillac 
Motor  Car  Corporation,  Neio  Yoi'k   City. 

Eckert,    O.     E.,     lubrication     engineer,     Transcontinental     Oil     Co., 
Pittsburgh. 

Evans,  Boyd  E.,  chief  engineer,  Detroit  Motorbus  Co.,  Detroit. 

Gadenhead,  George  Lorimer.  student,  University  of  Illinois,  Urbana, 
III. 

Gramm,  Willard  J.,  chief  engineer  and  factory  manager,   Gramm- 
Bemstein  Motor  Truck  Co..  IAma3  Ohio. 

Heavrin,  W.  C,  lubrication  engineer,  Standard  Oil  Co.  of  Indiana, 
Davenport,  Iowa. 

Hilbert,   Fate    W.,    motor-vehicle    inspector,    Sinclair   Refining   Co., 
Buffalo. 

Hill,  James  H.,  University  Garage  Repair  Shop,  Evanston,  III. 


Holoway,    Percie    U.    estimator    and    service    salesman,    Donovan 
Motor   Car  Co.,    Boston. 

John,    William    Edgar,    vice-president.    Hall    Wheel    Corporation, 
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Jordan,    Edward    S.,    president,    Jordan     Motor    Car     Corporation, 
Cleveland. 

Keegin,   Curtis    W.,    district    manager,    Cincinnati   Ball    Crank   Co., 
Cincinnati. 

Keiser,  Karl  W.,  student.  University  of  Minnesota,  Minneapolis. 

King,  W.   Grant^  president,   King  Sewing  Machine  Co.,  Buffalo. 

Laughlin.   T.    F.,    field    service    representative,    Studebaker    Corpor- 
ation of  America,  San  Francisco. 

Lugue,  Adolph,  gas  engineer,   601  West  173rd  St.,  New   York  City. 

Maker,  George  A.,  manager,  C.  M.  Hall  Lamp  Co.,  Kenosha,  Wis. 

Marsh.  W.  R.,  superintendent,  Locomobile  Co.  of  America,  Chicago. 

Mesinger,  Frederick,  sales  engineer.  Norma  Co.  of  America,  Long 
Island  City,  N.   Y. 

Middlekauf,   Edison    B.,    automotive   purchasing  agent,    Texas  Co., 
New   York  City. 

Osmond,    Charles    H.,    chemical    engineer,    Atlantic    Refining    Co., 
Philadelphia. 

Peckham.      Harold      E.,      student,      University      of      Minnesota, 
Minneapolis. 

Pierce.   Ralph    Trull,   assistant   service   manager,    Donovan    Motor 
Car  Co.,  Boston. 

Pierson,    D.    M.,    assistant    experimental     engineer,     Dodge    Bros., 
Detroit. 

Rado,  K.   P..    chief   engineer,   Commodore  Motors   Corporation,   New 
York   City. 

Raymond,  Ernest  Peter,  student,  Tri-State  College,  Angola,  Ind. 

Robertson.  James  F.,  general  manager.  Defiance  Motor  Truck  Co., 
Defiance,  Ohio. 

Schimelfenig.    Major    C.    A.,    chief    of    the    maintenance    division. 
Ordnance  Department,   City  of   Washington. 

Schjolin,  Olle.,  designer,  Yellow  Coach  Mfg.  Co.,  Chicago. 

Shepard.  R.  D.,   metallurgist,  Shepard  Art  Metal  Co.,  Detroit. 

Short.   Bladen   M..    sales   manager,    C.    G.    Spring  Co.   of  Michigan, 
Detroit. 

Skinner,  Arthur  A.,  sales  manager,  Leece-Neville  Co.,   Cleveland. 

Smarr,     Benjamin     M.,     engineer.     General     Motors     Corporation, 
Detroit. 

Sullivan,    Edward    C.    sales    engineer,    Flint    Varnish    and    Color 
Works,    Flint.   Mich. 

Tanner,    Alvin    G.,    chief    draftsman.    Locomobile    Co.    of    America, 
Bridgeport .  Conn. 

Vander,  William  C,  head  of  the  department  of  automotive  electric- 
ity. Technical  High  School.  Fall  River,  Mass. 
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Williams,  Lewis  E..   dean  of  trade  school,   Youngstown  Institution 
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Zahour,  R.  L..  student,  Case  School   of  Applied  Science,   Cleveland. 
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Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission 
to  the  Society  between  Dee.  9,  1922  and  Jan.  10.  1923.  The 
various  grades  of  membership  are  indicated  by  (M)  Mem- 
ber; (A)  Associate  Member;  (J)  Junior;  (Aff)  Affiliate; 
(S  M)  Service  Member;  (F  M)  Foreign  Member;  (E  S) 
Enrolled  Student. 


Aiken,  Frank  (M)  ignition  engineer,  Atwater  Kent  Mfg.  Co., 
Philadelphia,   (mail)   401  Abbottsford  Road. 

Anderson,  George  Potter  (M)  engineer,  Graham  Eros.,  Evansville, 
Intl. 

Bacon,  Dat  H.  (J)  designer,  Ansted  Engineering  Co.,  Connersville, 
Intl.,   (mail)   122  West  11th  Street. 

Bailey.  "Walter  H.  (A)  automobile  insurance.  Royal  Indemnity  Co., 
New  York  City,    (mail)   66  Hardenbrook  Avenue,  Jamaica,  N.  Y. 

Baum,  Seymour  J.  (M)  works  manager,  Brewster  &  Co.,  Long 
Island  City,  N.  Y. 

Beaumont.  John  Sydney  (A)  metallurgist.  Ford  Motor  Co.,  of 
Canada.  Ltd..  Ford,  Ont..  Can.,  (mail)  P.  O.  Box  501,  Walker- 
villt.  ont..  Can. 

Bowers,  George  F.  (E  S)  student,  Purdue  University.  Lafavette. 
Ind.,  (mail)  Box  35.  124  South  Grant  Street.  West  Lafayette, 
Intl. 

Brader,  Norwood  Harold  (E  S)  student,  Cornell  University,  Ithaca, 
N.  Y.,   (mail)    145  Cascadilla  Park. 

Bridwell.  J.  W.  (M)  chief  engineer,  Ruggles  Motor  Truck  Co., 
Saginaw,  Mich. 

Browne,  Theodore  C.  (M)  vice-president,  Brush  Laboratories  Co., 
Cleveland,   (mail)    3701   Euclid  Avenue. 

P.uli.ard,  S.  H  (M)  vice-president,  Bullard  Machine  Tool  Co., 
Bridgeport .   Conn. 

Bl-rch.  Louis  D.  (E  S)  student.  Purdue  University,  Lafavette,  Ind., 
(mail)    213  Vine  Street.    West  Lafayette.  Ind. 

Burrows,  Lees  J.  (J)  special  service  representative,  Oakland 
Motor  Car   Co.,    Pontiac.   Mich. 

Bussard.  Robert  McClelland  (E  S)  student,  Purdue  University, 
Lafayette,  Ind..  (mail)  150  Littleton  Street.  West  Lafayette, 
Intl. 

Carlson,  Raymond  A.  (J)  draftsman.  Rockford  Drilling  Machine 
Co.,  Rockford.  Ill„   (mail)    162S  Fifth  Avenue. 

CARMIN,  Kenneth  Arnold  (E  S)  student.  Purdue  University  La- 
fayette,  Ind.,    (mail)    23   Waldron   Street.    West   Lafayette.  Ind. 

Carson.  Ray  Edgar  (J)  draftsman.  Robert  Hf.  Hassler,  Inc..  Indian- 
apolis,  (mail)    1226  North   Illinois  Street. 

Cautley,  Randolph  (A)  investigator  of  costs  and  special  manu- 
facturing problems,  Wright  Aeronautical  Corporation,  238 
Lewis  Street.  Paterson.  N.  J. 

Cerveny,  Frank  (A)  instructor,  Janesville  High  School.  Janesville 
Wis.,   (mail)    215  South  Locust  Street. 

Cni.wEi.i,.  Donald  L.  (M)  chief  chemist  and  metallurgist.  Stewart 
Mfg.  Co.,  4535  Fullerton  Avenue,  Chicago. 

Cox.  John  Fitzhew  (E  S)  student,  Georgia  School  of  Technology 
Atlanta,  Ga..   (mail)    514  Spring  Street. 

Cros.  Rene  L.  (E  S)  student.  Ohio  State  University.  Columbus 
Ohio,   (mail)    115  West  11th  Avenue. 

DaCosta.  John  C.  3rd  (J)  mechanical  engineer,  Baldwin  Loco- 
motive Works.  Philadelphia,   (mail)    1529  Pine  Street. 

i.'Ann-unzio.  I'go  V.  (M)  president,  Isotta  Motors  Inc  19  West 
44th   Street.   .Yei<?   York  City. 

Davis.  Lewis  Henry  (E  S)  student.  Purdue  Universitv,  Lafavette 
Ind.,    (mail)    145  West  Hill   Street.   Wabash    Ind. 

Den  Tex.  Nicolaas  (M)  designer.  Gallaudet  Aircraft  Corporation. 
East  Greenwich,  R.  I. 

Doll.  Gus  P.  (A)  treasurer  and  director  of  sales.  Thomas  J  Cor- 
coran Lamp  Co..  Cincinnati.  Ohio,  (mail)  4900  Spring  Grove 
Avenue.  B    v-""vc 


Ehrke.  Malcolm  N.  (J)  draftsman.  Western  Automatic  Machine 
Screw  Co.,  Elyria.  Ohio,   (mail)    213  East  Ninth  Street. 

Enfield.  W.  L.  (A)  manager  of  lamp  development  laboratory. 
National  Lamp  Works  of  General  Electric  Co.,  Nela  Park 
Cleveland. 

Fearnside.  Ralph  Stafford  (E  S)  student,  Purdue  University, 
Lafayette,  Ind.,   (mail)   314  Russell  Street,  West  Lafayette,  Ind. 

Floyd,  Robert  K.  (A)  general  manager.  Frank  H  Floyd  747 
Beaubien  Street,  Detroit. 

Frederick.  Charles  Walter  (E  S)  student,  Universitv  of  Michi- 
gan,  .4h?i  Arbor,  Mich. 

Gaines.  Walter  S.    (M)   assistant  engineer,  Rubay   Co.,   Cleveland. 

Gebhardt,  C.  W.  (A)  vice-president  and  engineer,  J.  J.  Schnerr  Co, 
Inc.,  San  Francisco,   (mail)    799   Golden  Gate  Avenue. 

Glossbrenner.  Edgar  L.  (E  S)  student,  Purdue  University  La- 
fayette, Ind.,    (mail)    12S  Wiggins   Street,   West  Lafayette.  Ind. 

Golwerda.  Harley  C.  (E  S)  student,  Purdue  Universitv.  Lafavette 
Ind.,    (mail)    222  Main   Street.   West  Lafayette,  Ind. 

Goodyear.  Joseph  P.  (A)  engineering  department.  Oakland  Motor 
Car  Co.,  Pontiac,  Mich.,   (mail)   22  Lorraine  Court. 

Hall,  G.  P.  (A)  central  district  manager.  Westinghouse  Union 
Battery  Co.,  Swissvale,  Pa.,  (mail)  10  West  Warren  Avenue 
Detroit. 

Hampshire.   George  W.    (A)    district   manager,    Colonial    Steel    Co 
Pittsburgh,    (mail). 1504    Broadway,  Detroit. 

Hancock,    G.    A.    (A)    engineer,    research    work,    L.    H.    Gilmer   Co 
Philadelphia. 

Hannon  Boyd  E  (A)  automotive  engineer,  Texas  Co..  Chicago. 
(mail)    322  South  Michigan  Avenue. 

Harwell.  Ernest  Willie  (E  S)  student.  Georgia  School  of  Tech- 
nology^ Atlanta,  Ga.,  (mail)  206  West  Washington  Avenue 
East  Point,  Ga. 

HELLAVfSSVS-  Yi-,-^  ,vic.e-Presi«ent  and  sales  manager,  Stewart 
Mfg.   Co.,    453o   Fullerton  Avenue,   Chicago. 

Henry-  James  S  (E  S)  student.  Georgia  School  of  Technology. 
Atlanta.  Ga.,   (mail)    6  Baltimore  Place. 

Hiscox  David  C.  (E  S)  student,  Georgia  School  of  Technology. 
Atlanta.  Ga..    (mail)    394   Spring  Street. 

Hoffman.  Robert  G  (M) engineer,  Rochester  Motors  Corporation, 
Woolworth  Building,  New   York  City. 

Hoover  H  Earl  (A)  chief  engineer.  Hoover  Suction  Sweeper  Co.. 
1411    Railway   Exchange  Building,   Chicago. 

Hunt  Samuel  J.  (M)  manager  and  lubrication  engineer  J  D 
Street  &  Co.,  Inc..  4955  Park  Avenue.  St.  Louis. 

Kellogg.  H  Dudley.  Jr.  (E  S)  student,  Yale  University  New 
Haven.  Conn.,   (mail)    S  Prospect  Place. 

Kerber.  Joseph  H.  (A)  shop  superintendent.  Wisconsin  Highway 
Box  Tl5S1°n  Mechamcal  DeP1-.  West  Allis,  Wis.,   (mail)   77  Ave. 

Kinsey.  Kenneth  Harry  (E  S)  student,  Purdue  Universitv  La- 
fayette. Ind..    (mail)    211  North  Street.   West  Lafayette    Ind 

KlZECarttha^e.(Ind.aUt0m0tiVe  engineer'  Texas  Co..  Chicago,    (mail) 

Klover.  Peter  A.  (A)  instructor  in  airplane  mechanics  m  Cham- 
paign Avenue.   Rantoitl.  III.  <"■«.».  i-i  t-iiam 

KN0?nidT0  ;^  ^^s?s^^»-'  Lafa-tte- 

K°Fl^rBufY^J>yfi  iveS,edeSiSner'    DodBe    Br°S"    D^M- 

^ADAMil,tZukeV:SW^s.    (A>    automobile    distributor.    504    Cass    Street, 

Lang.  Harry ;  O.  (A)  heat-treating  engineer.  Oakland  Motor  Car 
Co.,   Pontiac.  Mich.,   (mail)    341    Baldwin  Street. 

Lillibridge.  Byron  J  Jr.  (M)  superintendent.  B.  F.  Sturtevant 
Mass    y  '   MaSS-    (maiU    175   Poplar   Street.   Rosmdale, 

LlU'MichVI ,fmiinBlfo)n"nd«eni  Universitv  «*  Michigan,  Ann  Arbor, 
ivnen  ,    (mail)    1300  Drexel  Avenue,  Detroit. 

McCarty  Harry  Harper  (J)  mechanical  research  enginper  Gen- 
ZffafenttTlndSe"Ch  CorP°ratio"-  Da>t™.  Ohio.  (SSSfkSS, 

Marley.  Gut  R.  (A)  shop  superintendent.  Air  Service  Fairfield  \ir 
Intermediate   Depot.   Fairfield.  Ohio.  ^  .rairnem  Air 

MlLMfgGCoI!GC^fo)/. ^vice-president  and  works  manager.  Gilliam 
M,LILK^naL)FpE10.  ^VZ&ZgXF*™**-  LafaJ'ette- 
XUT/'»„F°r^aT„H6l7^ew)YSotrUK,esnttreePtUrdUe    ^^sity.   Lafayette, 
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Packard,  Joseph  A.  (E  S)  student.  University  of  Michigan,  Ann 
Arbor,  Mich.,   (mail)   114  12th  Street, 

Patterson',  Jack  Watkins  (E  S)  student,  Georgia  School  of  Tech- 
nology, Atlanta,  Ga.,   (mail)    26  Gordon  Place. 

Peck,  Nelson-  Chaffee  (E  S)  student,  Tale  University,  New  Ha 
Conn.,   (mail)    352  Temple  Street. 

Phillips.  Wiuum  Russell  (E  S)  student,  Georgia  School  of 
Technology,  Atlanta,  Ga.,   (mail)    93  Gordon  Street. 

Reyburn,  John  R.  (M)  engineer,  American  Chain  Co.,  Bridgeport, 
Conn. 

Riggs,  Harold  T.  (E  S)  student.  Purdue  University,  Lafayette,  Ind., 
(mail)    159   Sheety  Street,   West  Lafayette,  Ind. 

Roberts,  Locis  L.  (II)  experimental  engineer,  C.  H.  Wills  &  Co., 
Marysville,  Mich. 

Ross,  Walter  David  (E  S)  student,  Purdue  University,  Lafayette, 
Ind. 

Rossin.  Maurice  S.  <E  S)  student,  Purdue  University.  Lafayette, 
Ind.,   (mail)   213  Russell  Street,  West  Lafayette,  Ind. 

Saltzmann.  Fred  (A)  assistant  foreman.  Milwaukee  Die  Casting 
Co.,  Milwaukee,  Wis.,  (mail)   229  23rd  Street. 

Schxerr,  J.  J.  (A)  manufacturer  gears  and  auto  parts.  J.  J.  Schnerr, 
Inc.,  San  Francisco,   (mail)    799  Golden  Gate  Avenue. 

Seelinger.   W.   J.    (M)    works  manager,   Ohio  Body  &  Blower  Co., 
eland,   (mail)    9109   Detroit  Avenue. 

Sendelbach.  Edward  C.  (A)  manager  of  wheel  department,  Hop- 
kins Mfg.  Co.,  Hanover,  Pa.,  (mail)  1520  Spruce  Street,  Phila- 
delphia. 

Sheaff.  Howard  (J)  draftsman,  Wittemann  Aircraft  Co.,  Hasbrouck 
Heights.   N.  J.,    (mail)    1440  Broadway,  Xew  York  City. 

Shick.  William  Kenneth  (E  S)  student,  Purdue  University, 
Lafayette,  Ind..  (mail)  220%  South  Street,  West  Lafayette, 
Ind. 

St.  Croix,  James  J.  (M)  body  engineer.  American  Motorbus  Cor- 
poration,  Chicago,   (mail)    552S   Kenmore  Avenue. 

Stexberg,  Thorxtox  R.  (A)  sales  representative,  Walden-Wor- 
cester.  Inc.,  Worcester,  Mass.,  (mail)  P.  O.  Box  531.  Atlanta,  Ga. 

Stephexs.  Elton  S.  (M)  mechanical  engineer  and  inventor.  In- 
ternational Harvester  Co.,  Chicago,  (mail)  1453  East  56th 
Street. 

Strain.  Clifford  (E  S)  student,  Stevens  Institute  of  Technology, 
Hoboken,  N.  J.,  (mail)  125  Highland  Avenue,  Jersey  City. 
-V   J. 

Swan-son,  Raymond  E.  (E  S)  student,  Purdue  University.  Lafav- 
ette.  Ind.,    (mail)    339  Vine  Street,  West  Lafayette,  Ind. 


Taylor.  J.  H.  (E  S)  student,  Purdue  University,  Lafayette,  Ind., 
(mail)    11"   Chauncey  Avenue. 

Terman.  Mark  J.  (E  S)  student,  Purdue  University,  Lafayette, 
Ind.,    (mail)    114   Marstellar  Street,    West   Lafayette,  Ind. 

Textileather  Co.    (Aff.)    1S19  Broadway,  New   York  City. 
Representative  :    Johannesson,    Russell. 

Thomas,  Theodore  Paul  (J)  student.  Purdue  University,  West 
Lafayette,  Ind.,    (mail)    234    Littleton   Street. 

Thompson,  Gordon  B.  (E  S)  student.  Purdue  University.  Lafay- 
ette, Ind.,    (mail)    914  South  Ninth  Street. 

Tichborne.  Walter  F.  C  (M)  resident  manager.  Detroit  Cadillac 
.Motor  Car  Co.,  New  York  City,  (mail)  96  Market  Street, 
Poughkecpsie,  X.   Y. 

Tiffany.  H.  R.  (J)  superintendent,  Watson  Stabilator  Co..  28  Scio 
Street,  Rochester,  N.  Y. 

Todd,  Ralph.  R.  (M)  chief  inspector.  Oakland  Motor  Car  Co., 
Pontiac,  Mich.,    (mail)    173   North  Johnson  Street. 

Towler,  Joseph  C.  (J)  manager  of  automobile  electrical  repair 
service-station,  Autolac  Co.,  Inc.,  Worcester,  Mass..  (mail) 
General   Deliver}',  Washington   Square   Station. 

Vogel,  Frank  E.  (J)  student,  College  of  Applied  Science.  State 
University  of  Iowa,  Ioica  City,  Iowa,  (mail)  225  Fairchild 
Street. 

Wallace.  Bernard  W.  (E  S)  student.  Purdue.  University.  Lafay- 
ette, Ind.,   (mail)  9  University  Street,  West  Lafayette,  Ind. 

Welchans.  Edward  (M)  chief  engineer,  Berkshire  Products  Cor- 
poration, Pittsfield,  Mass. 

Wiebers,  T.  C.  (E  S)  student.  Purdue  University,  Lafayette,  Ind., 
(mail)    625  South  10th  Street. 

Wilkins.  P.  P.  (A)  sales  department,  Waukesha  Motor  Co., 
Waukesha,   Wis. 

Wilkinson.  James  McCleelan.  (E  S)  student.  Georgia  School  of 
Technology,   Atlanta,  Ga.,    (mail)    79  Oak  Street. 

Williamson,  Edward  E.  (A)  supervisor  of  motor  apparatus,  repair 
shops.  Boston  Fire  Department.   70  Bristol  St.,  Boston. 

Wolever,  'Walter  Brian'  (E  S)  student.  Purdue  University,  Lafay- 
ette, Ind.   (mail)  121S  Columbia  Street. 

Wood,  George  A.  (A)  factory  manager,  Mutual  Wheel  Co.,  Moline, 
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"Phaeton"  Coming  Into  Use 

THE  1923  Handbook  of  Automobiles,  recently  is- 
sued by  the  National  Automobile  Chamber  of 
Commerce,  indicates  that  the  recommendation  of 
the  Passenger-Car  Body  Division  in  reference  to  the  use 
of  the  name  "phaeton"'  instead  of  "touring  car"  is  meet- 
ing with  approval.  This  Handbook  shows  that  20  com- 
panies are  now  using  that  name  for  various  types  of 
open  car. 

Geography  of  Society  Membership 

THE  following  table  shows  approximately  what  pro- 
portion of  the  members  of  the  Society  reside  in 
different  regions  of  the  United  States  and  how 
many  are  located  outside  of  this  Country;  the  total  num- 
ber on  the  rolls  of  the  Society  being  about  5300. 

Per  Cent 

Great  Lakes  States 47 

Middle  Atlantic  States 31 

New  England   States 8 

Middle   Western  States 5 

Pacific  Coast  States 4 

Southeastern   States 1 

Foreign    4 

Research  Information  Service 

THE  attention  of  the  members  is  directed  to  the 
unique  facilities  offered  by  the  Research  Depart- 
ment Information  Service.  A  complete  index  of 
the  Society's  publications,  together  with  an  exhaustive 
index  covering  domestic  and  foreign  publications  in  the 
automotive  and  allied  fields,  is  kept  on  file  and  is  available 
for  reference. 

In  addition  to  the  published  bibliographies  indexed,  the 
Department  has  unpublished  bibliographies  and  lists  of 
references  that  are  invaluable  for  preliminary  work 
along  research  lines.  They  include  many  of  the  import- 
ant debatable  subjects,  such  as  lubrication ;  heat  appli- 
cation to  internal-combustion  engine  fuels ;  gears ;  mag- 
neto ignition;  highway  problem;  chassis  springs;  steel. 
wire,  and  wood  wheels  and  metallurgical  matters.  Copies 
of  these  bibliographies  are  held  in  the  Department  and 
may  be  had  on  request. 

The  Research  Department  has  innumerable  contacts 
with  investigators  and  commercial  and  university  labora- 
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tories,  and  is  able  to  furnish  data  on  researches  pro- 
jected, in  progress  or  completed.  Published  reports  of 
investigations,  abstracts,  indexes  and  handbooks  are 
available  either  in  the  Department's  own  files  or  those  of 
the  Engineering  Societies'  Library. 

Emergency  Motor-Transport  Plan 

EVERYONE  interested  in  transportation  has  been" 
wondering  what  place  the  motor  truck  will  take 
in  the  development  of  the  transportation  system 
of  the  Nation.  Major  Brainerd  Taylor,  of  the  Quarter- 
master Department  of  the  United  States  Army,  said  at  a 
recent  meeting  of  the  Washington  Section  of  the  Society 
that 

If  this  Country  ever  again  has  to  face  an  emergency 
that  threatens  to  paralyze  its  industries,  its  transporta- 
tion and  its  everyday  life,  the  United  States  Army  plan 
for  coordinating  all  available  transportation  would  at 
least  so  mitigate  conditions  that  the  people  of  the 
Country  would  not  suffer  for  want  of  food,  fuel  and 
other  necessities.  In  the  recent  railroad-strike  situa- 
tion, the  problem  called  for  a  solution  by  highway- 
transport  engineers. 

Major  Taylor  was  detailed  by  the  Army  to  prepare  a 
plan  to  meet  the  threatened  emergency.  One  of  his 
fundamental  points  is  that  motor  transportation  can 
never,  either  in  an  emergency  or  daily  commercial  prac- 
tice, replace  the  long-haul  railroad  service.  It  is  expected 
that  there  will  be  a  thorough  discussion  of  matters  bear- 
ing on  the  whole  problem  at  the  Automotive  Transporta- 
tion Meeting  of  the  Society  at  Cleveland  in  April. 

Standards  for  Roller  Bearings 

AMONG  the  many  things  that  the  Society  of  Auto- 
l\  motive  Engineers  is  endeavoring  to  standardize 
L  \.  are  the  dimensions  for  inch-type  tapered-roller 
bearings,  on  which  a  committee  has  been  at  work  for 
some  time.  Ball  bearings  have  been  standardized  so  that 
the  number  of  sizes  available  are  limited  to  what  is  con- 
sidered essential  for  the  needs  of  the  industries.  Work 
is  also  progressing  on  standardizing  metric-type  roller 
bearings,  a  subject  of  equal  importance.  In  the  inch-type 
tapered-roller  bearing  field  there  are  now  over  200  sizes 
used  in  the  automotive  industry,  and  it  is  believed  that 
about  50  sizes  would  probably  care  for  practically  all  re- 
quirements. 


Vol.   XII 


March,   1923 


No.  3 


256 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


This  work  is  of  great  importance  and,  while  it  is  evi- 
dent as  the  work  of  standardization  proceeds,  that  very 
many  differences  of  opinion  will  be  encountered,  there  is 
no  doubt  that  standards  can  be  established  that  will  meet 
the  requirements  of  all.  It  may  appear  at  times  that 
too  rigid  standardization  might  be  unwise  and  result  in 
a  harmful  restriction  of  initiative  in  the  design  and  de- 
velopment of  mechanical  devices.  Nevertheless,  when 
standardization  methods  are  not  too  drastic,  they  will  al- 
ways be  found  of  value  to  the  industry.  Great  savings 
in  manufacture  and  in  distribution  will  result,  the  meth- 
ods of  manufacture  can  be  simplified,  the  range  of  sizes 
that  will  have  to  be  kept  in  stock  can  be  reduced,  the  capi- 
tal investment  of  manufacturers  and  dealers  will  be  less, 
and  the  ultimate  consumer  will  be  able  to  buy  a  standard- 
ized product  at  a  price  much  lower  than  that  of  a  product 
where  the  number  of  types  of  sizes  made  is  far  in  excess 
of  actual  needs. — Machinery. 

Taxing  Gasoline  Instead  of  Cars 

THERE  are  important  obvious '  advantages  in  a 
gasoline  tax  to  take  the  place  of  the  annual  license- 
tax  for  highway  purposes.  The  substitution  of  a 
duty  on  motor-fuel  for  the  present  system  of  vehicle  tax- 
ation in  England  has  been  suggested  by  representatives 
of  car-owners  and  dealers  and  seems  to  be  meeting  with 
much  favor.  The  main  feature  of  the  scheme  is  placing 
a  flat  duty  per  gallon  on  all  imported  motor-fuel  and 
abolishing  or  greatly  reducing  the  present  tax  per  car. 
It  is  alleged  that  a  duty  of  5d  (10  cents)  per  gal.  will 
produce  £10,250,000  ($49,815,000  at  normal  exchange) 
revenues  in  1924,  sufficient  to  offset  the  present  car-tax, 
the  collections  of  which  are  used  for  highway  purposes. 
The  main  argument  in  favor  of  the  plan  is  that  it 
would  distribute  much  more  equitably  than  the  present 
system  the  burden  of  taxation  on  motor-car  owners.  The 
existing  tax,  it  is  pointed  out,  is  the  same  whether  a  car 
^ravels  400  or  40,000  miles  per  annum.  An  owner  who 
has  more  than  one  car  might  pay  the  full  tax  on  a  car 
used  but  two  or  three  times  during  the  year.  The  fuel 
tax,  on  the  other  hand,  takes  into  account  automatically 
the  horsepower,  the  speed  and  the  weight  of  the  vehicle, 
as  well  as  the  mileage.  The  proposed  duty  would  bear 
directly  on  the  car-owner  in  proportion  to  his  use  of  the 
road  and  any  evasion  of  payment  would  be  impossible. 
Vehicles  without  internal-combustion  engines  would  con- 
tinue to  be  taxed  as  at  present. 

Automobile  Shows 

VARIOUS  opinions  have  been  given  by  men  who  are 
prominent  in  the  industry  as  to  the  value  of  the 
National  Automobile  Shows  that  are  held  at  New 
York  City  and  Chicago  each  year.  The  following  are 
some  of  the  large  number  that  are  contained  in  a  pam- 
phlet which  has  recently  been  issued  by  the  National  Au- 
tomobile Chamber  of  Commerce. 

The  public  has  come  to  accept  the  completeness,  size 
and  grandeur  of  the  National  shows  as  a  direct  expres- 
sion of  one  of  America's  largest  and  most  virile  indus- 
tries. 

The  shows  teach  the  makers  that  to  see  themselves  as 
others  see  them  is  not  always  flattering,  but  sometimes 
economical,  and  always  wise. 

A  show  is  a  business  barometer,  as  well  as  a  guide 
to  the  general  trend  in  design  and  construction. 

The  material  man,  the  parts-maker,  the  manufac- 
turer, the  dealer,  the  salesman  and  the  consumer  meet 
at  the  shows  for  an  exchange  of  thought. 

The  shows  are  forums  at  which  all  that  the  industry 
has  done  is  brought  before  the  public  in  the  only  lan- 


guage that  never  fails  and  none  can  misunderstand, 
the  language  of  actual  performance. 

More  can  be  learned  in  one  hour  at  a  show  than  in  a 
week  of  visiting  the  establishments  of  the  makers  or 
by  reading  any  quantity  of  books  or  advertising  litera- 
ture. 

The  shows  are  the  cheapest  form  of  advertising  and 
are  therefore  effective  in  reducing  the  cost  of  cars. 

The  shows,  with  the  elaborate  publicity  campaigns 
that  accompany  them,  reach  a  large  public  group  that 
is  not  exactly  motorwise  but  keenly  interested  and  forms 
the  nucleus  of  active  "prospects." 

A  show  is  advertising  backed  by  personal  contact. 

We  can  check  our  advertising  returns  from  the  show, 
whereas  there  is  no  satisfactory  check  on  any  other 
form  of  advertising. 

The  newspapers  give  the  shows  an  amount  of  space 
that  could  by  no  possibility  be  purchased  or  obtained 
in  any  other  way. 

A  show  is  cooperative  advertising  by  the  whole  in- 
dustry. 

The  value  of  the  National  Automobile  Show  is  proved 
by  the  fact  that  it  is  the  oldest  industrial  show  that 
has  been  in  continuous  existence  in  this  Country,  if 
not  in  the  world. 

The  shows  are  to  the  manufacturer  and  the  dealer 
what  advance-agents  are  to  the  theatrical  business. 

A  New  Type  of  Engineer 

CLOSE  students  of  transportation  tell  us  that  the 
motor  vehicle  is  entering  an  era  of  unprecedented 
development  as  an  arm  of  the  national  transporta- 
tion system.  It  is  significant  that  several  great  railroad 
systems  have  organized  departments  to  study  intensively 
the  coordination  of  motor  and  rail  transport.  Of  even 
greater  significance  is  the  fact  that  one  or  two  railroads 
have  actually  purchased  truck  fleets  for  use  at  their  ter- 
minals. Recent  joint  meetings  of  Government,  transpor- 
tation and  automotive  representatives  reflected  the  in- 
creased interest  in  the  motor  truck,  motorbus  and  motor 
rail-car  as  transportation  media. 

This  brings  us  to  the  point  where  a  new  type  of  en- 
gineer is  needed,  the  motor-transport  expert,  versed  not 
only  in  the  construction  of  motor  vehicles,  but  possessing 
a  full  knowledge  of  how  they  should  be  operated  and 
maintained  to  secure  from  them  the  maximum  of  effi- 
ciency. Few  motor-haulage  operations  have  been  lucra- 
tive investments ;  the  difference  between  those  companies 
achieving  a  substantial  profit  and  the  others  can  gen- 
erally be  traced  to  the  presence  or  absence  of  a  competent 
motor-transport  engineer.  The  motor-transport  engi- 
neer must  possess  the  knowledge  of  traffic  control  char- 
acteristics of  the  successful  railroad  engineer;  he  must 
be  a  judge  of  good  equipment  in  the  form  of  vehicles, 
bodies,  loading  mechanism  and  repair  tools ;  he  must  pos- 
sess the  accountant's  respect  for  costs  and  be  able  to  su- 
pervise their  accurate  compilation.  Truly,  here  is  an 
opportunity  for  the  analytical  mind  of  the  engineer. 

Predictions  are  dangerous,  but  one  may  be  hazarded 
here.  Automotive  engineers  must  turn  their  attention 
toward  the  operating  end  of  the  business;  the  largest 
percentage  of  the  Nation's  motor-transport  engineers 
will  be  graduates  of  the  automotive  industry,  particularly 
from  its  engineering  branch.  It  seems  logical  for  the  So- 
ciety to  become  active  along  automotive  transportation 
lines,  especially  in  exerting  its  influence  to  promote  an  in- 
tensive cooperative  study  of  motor-vehicle  operation  and 
its  problems.  The  Cleveland  Automotive  Transportation 
meeting  is  the  first  step  in  this  direction;  it  will  bring 
together  the  engineers  who  design  motor  trucks,  buses 
and  rail-cars,  and  the  motor-transport  engineers  whose 
job  it  is  to  make  them  serve  at  a  profit. 
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IN  this  paper  there  are  discussed  the  general  require- 
ments of  a  comparatively  new  type  of  marine  engine, 
that  is,  the  high-speed  type.  The  need  for  light  weight 
is  discussed  and  it  is  pointed  out  that  aircraft-engine 
design  has  established  a  good  precedent  to  follow,  par- 
ticularly with  reference  to  crankshaft,  connecting-rod, 
piston,  cylinder  and  valve  design. 

Detailed  discussion  then  follows  concerning  the  re- 
quirements of  this  type  of  engine  in  respect  to  cooling, 
lubrication,  starting,  idling  and  general  operation.  The 
equipment  to  be  furnished  with  the  engine  is  covered  in 
a  general  way  and  the  installation  requirements  are 
touched  upon. 

GASOLINE  marine-engine  design  is  apparently  en- 
.  tering  a  new  phase  of  development.  It  seems 
that  the  advances  in  aircraft-engine  construction 
are  primarily  responsible  for  this  evolution.  Not  so 
many  years  ago  there  was  a  somewhat  similar  well-defined 
stage  in  the  progress  of  marine-engine  development, 
when  certain  automobile-engine  principles  were  applied 
with  advantage  to  motorboat  engines.  The  more  im- 
portant of  these  features  were  electric-starting  and  light- 
ing equipment,  enclosed  valve-mechanism  and  general 
improvements  tending  toward  weight  reduction  and  more 
silent  operation.  It  should  not  be  inferred  that  marine- 
engine  designers  have  stood  still  while  other  automotive 
engineers  have  advanced;  this  is  decidedly  not  the  case. 
There  are  many  points  in  connection  with  marine-power- 
plant  design  that  are  distinctly  foreign  to  other  automo- 
tive fields  and  in  this  paper  particular  stress  will  be  laid 
on  these  problems  that  have  been  successfully  solved  by 
marine  designers. 

At  present  it  appears  proper  to  classify  gasoline  ma- 
rine-engines under  three  types;  (a)  the  heavy-duty,  slow- 
speed,  (b)  the  medium-speed,  medium-weight  and  (c) 
the  high-speed,  light-weight  variety.  Although  this 
paper  is  really  intended  to  cover  only  the  last  type  it 
may  not  be  out  of  place  to  discuss  briefly  the  require- 
ments that  lead  to  these  three  essentially  different  types 
of  engine.  Basically,  the  speed  desired  of  the  boat  under 
consideration  determines  which  of  the  three  types  of 
engine  is  the  most  suitable  and  although  there  is  a  cer- 
tain permissible  overlapping  in  the  adoption  of  each 
type  of  engine  for  each  service,  nevertheless  the  boundary 
lines  between  the  slow-speed,  the  medium-speed  and  the 
high-speed  engine  are  pretty  clearly  defined. 

Below  15  m.p.h.  the  most  efficient  powerplant  for  ma- 
rine service  is  undoubtedly  what  is  termed  the  heavy-duty 
type  with  an  engine  speed  not  exceeding  800  r.p.m.  at 
the  very  maximum,  with  600  r.p.m  as  a  standard  to  be 
preferred.  Between  15  and  30  m.p.h.  the  requirements 
call  for  a  medium-speed  engine,  turning  from  about  800 
up  to  about  1200  r.p.m.  Above  30  m.p.h.  a  high-speed 
engine  is  demanded,  which   if  direct-connected  may  be 
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called  upon  to  run  as  high  as  2600  r.p.m.  for  speeds  be- 
tween 50  and  60  m.p.h. 

The  demands  on  a  powerplant  for  high-speed  marine 
service  do  not  differ  greatly  from  the  requirements  of  air- 
craft usage.  In  both  cases  reliability  is  paramount, 
light  weight  very  important  and  economy  and  smooth- 
ness highly  desirable.  The  load  characteristics  are  al- 
most identical,  air  and  water  propellers  both  requiring 
horsepower  varying  approximately  as  the  cube  of  the 
speed.  From  this  it  can  be  inferred  that  aircraft  engine- 
design,  on  which  an  enormous  amount  of  work  has  been 
expended  during  the  last  few  years,  can  be  used  as  a 
basis  for  the  design  of  this  comparatively  new  type  of 
gasoline  marine  engine,  and  this  applies  particularly  to 
such  important  elements  in  the  design  as  ■  the  crank- 
shaft, bearing  proportions,  cylinder  construction,  valve 
proportions  and  cooling  arrangements  and  gas  veloci- 
ties through  the  passages.  This  all  does  not  mean,  how- 
ever, that  a  successful  airplane  engine  can  be  installed 
in  a  boat  without  any  changes  in  design,  and  give  equally 
efficient  service  as  in  the  air.  The  high-speed  marine- 
engine  requires  special  study  in  many  respects.  The 
more  important  considerations  are  outlined  under  the 
following  headings: 

(1)  Cooling 

(2)  Lubrication 

(3)  Starting 

(4)  Idling  and  General  Operation 

(5)  Clutch  and  Reverse-Gear 

(6)  Engine  Accessories 

(7)  Accessibility 

(8)  Direction  of  Rotation 

(9)  Installation  Requirements 

Cooling 

Paradoxical  as  it  may  seem,  the  efficient  cooling  of  a 
marine-engine  offers  more  problems  than  are  met  with 
in  other  automotive  applications  of  water-cooled  internal- 
combustion  engines.  While  there  is  an  inexhaustible 
supply  of  cooling  water  available,  its  temperature  is  con- 
siderably below  the  most  efficient  operating  temperature 
of  the  engine  and  the  fact  that  part  of  the  engine  is 
generally  located  considerably  above  the  water-level  pre- 
sents another  phase  of  the  cooling  problem. 

The  general  requirements  are  best  met  by  a  system 
such  as  is  shown  in  Fig.  1.  The  water  is  taken  in  from 
the  sea  through  a  scoop  suitably  located  so  as  to  be  sub- 
merged at  all  speeds.  A  shut-off  valve  is  arranged  close 
to  the  inlet  for  use  when  working  on  piping  or  connec- 
tions below  the  water-line.  A  check-valve  may  be  in- 
stalled next  in  the  line  to  prevent  the  water  discharging 
back  into  the  sea  when  the  engine  is  stopped.  A  gear 
water-pump  is  driven  from  a  suitable  accessory  shaft 
and,  in  the  installation  shown,  delivers  water  to  the  ex- 
haust-manifold jacket  first.  The  object  of  this  proced- 
ure is  to  raise  the  temperature  of  the  water  more  nearly 
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to  that  which  will  correspond  to  maximum  engine  ef- 
ficiency, a  cylinder-jacket  outlet  water-temperature  of 
140  to  160  deg.  fahr.  being  desirable.  It  should  be  noted 
that  the  pump  delivers  water  to  the  highest  point  of  the 
exhaust-manifold  jacket  so  that  with  the  engine  at  rest 
this  part  of  the  system  will  remain  full  of  water,  even 
should  the  check-valve  mentioned  previously  be  omitted 
or  fail  to  function.  After  traversing  the  length  of  the 
exhaust-manifold  the  water  is  led  from  the  bottom  of 
the  manifold  jacket  to  the  bottom  of  the  cylinder  jackets 
through  a  suitable  distributing  manifold.  The  outlets 
from  the  cylinder  jackets  communicate  with  the  inlet- 
manifold  water-jackets,  thus  giving  the  benefit  of  the 
hottest  water  available  for  vaporizing  the  fuel.  After 
leaving  the  inlet-manifold  jacket  the  water  is  either  dis- 
charged overboard  or  by-passed  back  to  the  pump  in- 
take. In  certain  marine  engines,  designed  by  me,  a 
thermostat  control  has  been  developed  which  automati- 
cally maintains  the  correct  operating-temperature.  As 
shown  on  the  diagram,  a  thermostat  valve  of  conven- 
tional sylphon  construction  is  mounted  in  a  casing  on  the 
intake-manifold  jacket  and  whenever  the  water  tempera- 
ture rises  sufficiently  high  the  bellows  expand  and  open 
a  valve  that  permits  the  water  to  flow  overboard.  At 
lower  temperatures  the  water  is  by-passed  back  to  the 
pump  inlet  and,  through  being  recirculated  in  this  man- 
ner, becomes  warmed-up  very  quickly,  assuring  good 
idling  and  acceleration.  A  very  important  feature  of 
this  system  is  the  "pressure"-valve  shown  in  Fig.  1. 
This  is  a  spring-loaded  valve  opening  toward  the  pump 
inlet  which  prevents  the  system  becoming  airbound  when 
starting-up,  in  case  the  jackets  and  piping  should  not  be 
completely  filled  with  water.  It  will  be  understood,  of 
course,  that  this  valve  will  open  only  with  hydraulic- 
pressure  on  its  under  surface  so  that,  if  there  is  any 
air  in  the  system  this  air  will  be  first  expelled  through 
the  bleed  shown  at  a  in  Fig.  1,  which  passage  is  normally 
used  to  discharge  water  into  the  exhaust-pipe  for  cooling 
purposes. 

With  a  cooling  system  as  described  no  manual  adjust- 
ment or  other  attention  on  the  part  of  the  pilot  or 
mechanic  is  required.  It  is  advisable,  however,  to  in- 
stall a  distant-type  thermometer  in  the  inlet-manifold 
jacket  as  a  check  on  the  correct  functioning  of  the  sys- 
tem. An  addition  to  the  cooling  system  that  in  some 
installations  proves  desirable  consists  of  the  routing  of 
the  main  sea-water  supply  through  an  oil-cooler  on  its 
way  to  the  engine  pump;  such  a  construction  is  shown 
dotted  in  Fig.  1.  This  matter  will  be  discussed  at  greater 
length  under  the  next  heading. 

Lubrication 

In  a  high-speed  marine  engine,  as  in  an  aircraft  en- 
gine, the  provision  of  adequate  lubrication  to  all  moving 
parts  is  a  matter  of  first  importance.  Furthermore,  in 
contrast  with  slower-moving  machinery,  the  lubricating 
system  has  the  additional  duty  to  perform  of  carrying 
away  the  heat  from  heavily  loaded,  high-speed  bearings, 
as  well  as  of  serving  to  cool  the  interior  of  the  pistons 
to  a  moderate  extent.  Needless  to  say,  good  engineering 
practice  dictates  full  pressure  lubrication  carried  to  all 
crankshaft  bearings,  with  positive  lubrication  to  all 
camshaft  and  accessory-drive  plain  bearings  and  reliable 
splash-oiling  to  all  gears,  anti-friction  bearings  and 
piston-pin  bushings.  The  reverse-gear,  when  built  into 
an  integral  extension  of  the  crankcase  must  also  be  con- 
sidered as  a  part  of  the  engine  and  continuous  lubrica- 
tion should  be  provided  for  all  of  its  bearings,  bushings, 
and  gears. 


In  other  respects,  however,  the  lubrication  problem  is 
very  different  on  the  water  from  what  it  is  in  the  air. 
For  instance,  means  for  cooling  the  oil  in  aircraft-engine 
service  do  not  present  much  difficulty  due  to  the  tremen- 
dous blast  of  air  available.  In  fact,  in  many  installa- 
tions the  surfaces  of  the  oil-tank  and  crankcase  are  con- 
sidered ample  for  the  purpose,  whereas  in  other  cases  a 
comparatively  small  oil-radiator  is  exposed  to  the  slip- 
stream. In  marine  service  no  such  favorable  conditions 
exist,  since  there  is  only  a  moderate  amount  of  ventila- 
tion in  the  engine  compartment  and  the  crankcase  itself 
is  thoroughly  shielded  from  what  little  draft  might  be 
available.  This  practically  compels  the  adoption  of  a 
dry  sump-system,  and  adequate  provision  must  be  made 
for  cooling  the  oil  in  the  external  oil-tank;  this  is  done 
best  by  circulating  sea  water  through  suitable  cooling- 
coils  immersed  in  the  oil.  A  typical  construction  is 
shown  in  Fig.  2.  In  this  case  all  the  water  used  to  cool 
the  engine  is  allowed  to  flow  through  the  cooling  tubes. 
In  other  installations  a  separate  scoop  is  arranged  to 
circulate  sea  water  through  the  oil-cooler  but  this  does 
not  appear  to  be  as  good  practice  as  the  system  previ- 
ously described  since  it  entails  more  piping  and  joints 
which  are  likely  to  develop  leaks.  Before  passing  the 
subject  of  oil-cooling,  it  might  be  well  to  state  that  ow- 
ing to  the  relatively  low  thermal  conductivity  of  oil  it 
is  necessary  to  spread  the  oil  over  comparatively  large 
surfaces  to  get  the  best  results. 

Assuming  that  the  lubrication  of  the  engine  has  been 
satisfactorily  carried  out  and  that  adequate  oil-cooling 
means  have  been  provided,  there  still  remains  the  prob- 
lem of  preventing  a  surplus  of  oil  reaching  the  combus- 
tion-chamber while  the  engine  is  idling  or  running  under 
light  load.  This  can  be  accomplished  to  a  certain  extent 
by  proper  piston  and  ring  design  but  it  also  appears 
desirable  in  many  cases  to  lower  the  oil  pressure  under 
these  conditions.  This  can  be  accomplished  by  either 
a  fixed  or  an  adjustable  "bleed"  arranged  so  that  at  low 
speeds  the  capacity  of  the  oil-pump  is  insufficient  to 
build-up  the  working  pressure,  and  this  simple  method 
has  proved  very  satisfactory  in  many  instances. 

The  method  of  "scavenging"  the  oil  from  the  crank- 
case and  reverse-gear  compartment,  providing  the  latter 
communicates  with  the  former,  is  somewhat  simpler  in 
the  high-speed  marine  engine  than  in  the  case  of  the 
aircraft  engine,  since  the  inclination  of  the  marine  engine 
while  operating  at  high  speed  seldom  exceeds  15  deg. 
with  the  bow  naturally  uppermost,  while  in  the  air  it  is 
necessary  to  figure  on  the  steepest  climb  or  the  steepest 
glide  possible  which  at  times  may  reach  an  angle  of  45 
deg.  or  more.  This  means  that  for  marine  service  a 
single  scavenging-pump  with  the  inlet  located  at  the 
rear  end  of  the  crankcase  will  serve  to  keep  the  oil- 
level  down  so  that  the  connecting-rods  will  not  dip  or 
the  oil  tend  to  leak  out  of  the  rear  bearing. 

Starting 

The  starting  of  a  marine  engine  of  large  power  pre- 
sents a  problem  of  more  than  ordinary  difficulty  when 
the  various  limitations  are  considered.  First,  since  the 
high-speed  engines  under  consideration  are  being  de- 
veloped to  obtain  the  maximum  performance  for  the 
minimum  weight,  it  follows  that  the  weight  of  the  start- 
ing equipment  must  be  kept  as  low  as  possible.  This  im- 
plies the  necessity  for  high  efficiency  on  the  part  of  the 
starting  mechanism.  The  electric  starter  has  proved  to 
possess  the  necessary  qualifications  for  the  task.  In  the 
past  there  has  been  a  tendency  to  adopt  a  rather  small 
starting    motor   geared    to    run    at   a    very   high    speed, 
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which  naturally  entails  a  train  of  gears  having  more  or 
less  irreversible  characteristics.  The  result  is  that  to 
protect  this  mechanism  from  damage  in  case  the  engine 
backfires  it  is  necessary  to  add  some  more  or  less  com- 
plicated anti-kick  device.  Therefore,  the  mechanism  be- 
comes unduly  complicated  and  includes  some  very  heavily 
stressed  parts  that  are  subject  to  failure. 

The  difficulty  encountered  with  the  extremely  low- 
geared  electric  starters  leads  to  the  conclusion  that  un- 
doubtedly more  satisfactory  operation  can  be  secured 
with  a  starting  motor  having  a  considerably  highei 
gear-ratio,  such  as  is  normally  employed  in  automobile 
practice.  In  other  words,  instead  of  a  small  starting 
motor  geared  perhaps  100  to  1,  it  seems  preferable  to 
employ  a  much  larger  starting  motor  geared  about  15 
or  20  to  1.  This,  of  course,  entails  the  development  of 
larger  and  more  powerful  starting  motors  and  some- 
what heavier  apparatus,  but  it  appears  that  the  demands 
for  the  utmost  in  reliability  must  offset  other  considera- 
tions. 

The  failure  of  the  starter  to  operate  should  the'  engine 
stall  while  maneuvering  in  close  quarters  may  lead  to  a 
disastrous  collision  and,  similarly,  should  the  starter 
fail  after  the  engine  has  been  shut-down  for  any  reason 
in  a  heavy  sea,  this  may  lead  to  serious  consequences. 
Special  stress  is  laid  on  these  points  because  undoubtedly 
starter  trouble  has  been  the  predominating  difficulty  ex- 
perienced with  high-speed  marine  engines. 

Idling  and  General  Operation 

Next  in  importance  to  prompt  starting  of  these  engines 
comes  the  requirement  for  good  idling  to  assure  the  boat 
being  under  control  at  all  times.  This  is  large^  a  mat- 
ter of  proper  carburetion,  although  efficient  methods  of 


controlling  the  cylinder  lubrication  and  the  jacket- 
water  temperature  are  contributing  factors  in  obtaining 
the  proper  result.  The  general  requirements  are  very 
similar  to  those  obtaining  with  aircraft  engines,  good 
acceleration  and  smooth  running  at  all  throttle  positions 
being  essential.  Although  gasoline  economy  is  perhaps 
not  so  important  considering  the  weight  of  fuel  that  is 
to  be  carried,  the  economic  considerations  cannot  be  over- 
looked. With  a  high-efficiency  engine  of  the  type  under 
consideration  it  is  possible  to  secure  a  gasoline  con- 
sumption as  low  as  0.53  lb.  per  b.hp-hr.  without  resorting 
to  unduly  high  compression-ratios. 

To  secure  good  idling  and  low-speed  operation  it  is 
necessary  to  provide  for  ample  flywheel  effect.  Un- 
fortunately, in  the  average  boat  installation  it  is  not 
possible  to  locate  a  large-diameter  flywheel  at  the  rear 
end  of  the  crankshaft  since,  due  to  the  inclination  of  the 
engine  mounting,  it  is  necessary  to  keep  the  depth  of 
the  engine  at  this  point  as  small  as  possible.  It  is  there- 
fore common  practice  to  place  the  flywheel  at  the  for- 
ward end  of  the  crankshaft  where  usually  a  fair  diameter 
can  be  secured.  It  is  desirable  from  many  standpoints 
to  enclose  this  flywheel;  this  is  not  only  a  matter  of 
securing  protection  from  the  revolving  flywheel  which  is 
usually  provided  with  gear  teeth  for  starting-motor  en- 
gagement but  it  is  also  highly  important  to  prevent  the 
possibility  of  water  that  may  collect  in  the  bilge  from 
being  thrown  over  the  engine  by  an  exposed  flywheel 
It  has  frequently  happened  that  in  a  heavy  sea  sufficient 
water  was  shipped  to  immerse  the  flywheel  partially, 
putting  the  engine  out  of  action  through  water  being 
thrown  into  the  carbureter  and  over  the  ignition  system. 

It  is  practically  essential  to  provide  a  tachometer  on 
an  engine  of  this  character.     This  instrument  will  fur- 
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Fig.  2 — Diagram  of  a  Typical  System  for  Cooling   the  Oil   Psed  To  Lubricate  a  Motorboat  Engine 
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nish  a  positive  index  to  the  operating  conditions  of  the 
engine  at  high  speed.  A  somewhat  debatable  question  is 
the  provision  for  a  governor.  In  the  hands  of  a  thor- 
oughly experienced  man,  a  governor  is  probably  a  more 
or  less  useless  accessory  but  where  twin  engines  are 
employed  and  long  cruises  are  undertaken  there  is  no 
doubt  that  the  installation  of  an  engine  governor  is 
warranted.  This  is  to  protect  the  engine  from  not 
merely  racing  occasionally  in  rough  water  but  from  dam- 
aging itself  should  the  clutch  slip  out  of  engagement, 
the  propeller-shaft  break  or  the  load  be  removed  from 
any  similar  cause. 

Clutch  and  Reverse-Gear 

The  multitude  of  design  problems  involved  in  a  suit- 
able marine  clutch  and  reverse-gear  have  been  thoroughly 
studied  in  the  many  years  during  which  the  marine- 
engine  has  been  developed  and,  aside  from  possible  im- 
provements in  materials,  there  is  probably  not  much 
room  for  development.  The  forward  clutch  is  almost 
invariably  of  the  toggle-operated  multiple-disc  type  and, 
excluding  perhaps  the  need  for  rather  frequent  adjust- 
ment, this  can  be  considered  a  perfectly  satisfactory 
mechanism.  It  is  also  essential  to  design  the  clutch  so 
as  to  minimize  the  drag  in  the  neutral  position  so  far 
as  possible.  The  reverse-gear  is  generally  of  the  plane- 
tary type  with  an  external  contracting  band.  Consider- 
able detail  study  is  necessary  to  make  this  design  thor- 
oughly satisfactory  and  in  the  majority  of  installations 
the  clamping  means  for  the  planetary  drum  are  woe- 
fully inadequate.  This  is  obviously  merely  a  matter  of 
suitable  proportioning  of  parts  made  from  proper  mate- 
rials and  sufficient  pressure  on  the  band  to  provide  the 
necessary  braking  effect.  The  lubrication  of  the  clutch 
and  the  reverse-gear  on  the  high-speed  engine  is  a  mat- 
ter deserving  serious  consideration.  Although  the 
mechanism  revolves  as  a  unit  when  going  ahead  there 
is  need  for  adequate  lubrication  when  in  neutral  or  re- 
verse. If  the  reverse-gear  housing  forms  a  unit  with 
the  crankcase,  it  is  good  practice  to  extend  the  circula- 
tion of  the  engine  lubricating  system  to  the  reverse- 
gear.  This  can  be  readily  accomplished  by  suitable  pas- 
sages drilled  in  the  crankshaft  and  in  the  interior  of  the 
reverse-gear.  The  surplus  oil,  of  course,  must  be  re- 
turned to  the  oil-tank  by  a  suitable  suction-tube  located 
in  the  bottom  of  the  reverse-gear  housing  and  in  the 
majority  of  installations  it  is  permissible  to  allow  all 
the  return  oil  from  the  engine  to  flow  back  through  this 
suction-tube  so  that  a  single  scavenging-pump  will  be 
all  that  is  required. 

There  is  some  question  as  to  the  best  method  of  ob- 
taining a  floating  connection  that  should  be  provided 
between  the  engine  crankshaft  and  the  reverse-gear 
drive-shaft;  in  some  cases  the  crankshaft  is  positively 
located  while  the  reverse-gear  is  allowed  to  float  and  as- 
sume some  fixed  position  in  relation  to  the  propeller- 
shaft.  In  any  case  suitable  precautions  must  be  taken 
to  prevent  the  propeller  thrust  being  absorbed  by  the 
crankshaft  unless  this  is  contemplated  in  the  design  and 
proper  means  provided. 

The  deep-groove  radial-type  of  ball  bearing  has  proved 
to  be  very  satisfactory  for  absorbing  the  thrust  of  the 
propeller-shaft,  and  is  undoubtedly  preferable  to  the 
ordinary  ball  thrust-type  since  the  radial  bearing  is  ca- 
pable of  carrying  a  certain  radial  load  in  addition  to  the 
thrust  load  from  either  direction,  this  resulting  in  a  more 
compact  design.  As  this  bearing  sustains  a  heavy  load, 
careful  provision  must  be  made  for  lubrication  and  cool- 
ing.    This  can  perhaps  best  be  done  by  casting  a  down- 


wardly extending  trough  on  the  side  wall  of  the  reverse- 
gear  housing,  this  trough  carrying  the  oil  that  is  thrown 
out  from  the  revolving  reverse-gear  to  the  bearing 
through  suitable  passages.  Means  should  be  provided  to 
prevent  the  oil-level  in  the  bearing  housing  from  rising 
too  high  and  suitable  packing  should  be  installed  to  pre- 
vent surplus  oil  from  leaking  out  at  the  rear  end. 

Engine  Accessories 

The  accessories  to  be  provided  for  on  high-speed 
marine  engines  do  not  differ  materially  from  those  for 
other  types  of  engines.  In  regard  to  the  ignition  sys- 
tem, it  appears  that  the  battery  type  has  certain  advan- 
tages over  the  magneto  ignition  commonly  employed  in 
aircraft  engines  today.  This  is  primarily  because  a 
storage-battery  must  be  carried  in  any  event  for  the 
starting  of  the  marine  engine,  whereas  this  is  not  the 
case  in  airplanes,  electric  starting  having  made  iittle 
headway  on  aircraft  engines.  It  follows  that  a  gener- 
ator also  is  required  on  a  marine  engine.  It  appears 
that  12  volts  represents  a  good  standard  for  this  service. 
This  voltage  is  suitable  also  for  the  running  lights  of  a 
medium-sized  boat  but  in  larger  boats,  where  heavy 
lighting  requirements  are  met,  it  is  customary  and  de- 
sirable to  install  an  independent  lighting  outfit  that 
usually  develops  32  volts.  In  these  cases  it  is  probably 
better  to  divorce  the  main  electrical  system  from  the 
engine  system  since  the  batteries  used  for  lighting  would 
not  ordinarily  be  suitable  for  the  heavy  discharge  of  cur- 
rent required  for  starting  purposes. 

Gasoline  is  usually  fed  to  the  carbureter  by  an  air- 
pressure  system  and  it  is  therefore  necessary  that  the 
engine  equipment  include  a  small  air-pump  to  develop 
the  2  or  3-lb.  pressure  required.  While  on  the  subject 
of  the  gasoline-feed  system  it  may  be  well  to  state  that 
it  has  become  standard  practice  recently  in  aircraft  en- 
gines to  abandon  the  air-pressure  system  in  favor  of  the 
gasoline  pump  preferably  of  the  gear  type.  However, 
in  a  boat  the  possibility  of  gasoline  leaking  into  the  bilge 
always  presents  a  very  serious  menace.  In  all  gasoline 
pumps,  except  those  of  the  sylphon  type,  packing  is  re- 
quired around  the  shaft,  which  packing  requires  fre- 
quent inspection  and  adjustment.  While  touching  on 
the  gasoline  system  it  might  be  well  to  enter  a  plea  for 
very  generous  filter-screens  in  the  gasoline  line.  Ex- 
perience has  shown  that  due  to  condensation  and  other 
causes  water  is  very  apt  to  accumulate  in  the  gasoline 
system  of  a  boat  and  there  is  a  tendency  for  a  certain 
amount  of  rust  formation  which  is  very  apt  to  cause 
stoppage  of  the  carbureter  jets.  For  a  similar  reason 
it  is  advisable  to  use  brass  piping  for  all  gasoline  lines, 
and  the  use  of  aluminum  in  carbureters  should  be  dis- 
couraged as  it  has  been  shown  that  aluminum  carbureters 
tend  to  corrode  in  marine  service,  this  not  occurring  with 
brass  carbureters. 

It  has  become  customary  to  install  remote  control- 
switches  for  the  electric  starter  since  this  obviates  the 
necessity  of  running  heavy  cables  up  to  the  manual  start- 
ing-switch located  near  the  pilot.  With  the  remote  con- 
trol-system a  small  push-button  serves  to  operate  the  re- 
mote control-switch  by  a  solenoid  and  the  connecting 
wires  can  be  small. 

Accessibility 

Since  the  high-speed  type  of  marine  engine  under  con- 
sideration is  used  exclusively  in  fast  boats,  it  follows 
that  engine-room  space  is,  as  a  rule,  very  limited  as  the 
engine  is  naturally  large  in  comparison  with  the  overall 
length  of  the  boat.    Furthermore,  a  boat  of  this  type  has, 
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as  a  rule,  a  comparatively  narrow  beam,  so  that  in  many 
installations  the  engine  pretty  completely  fills  up  the 
compartment  provided  for  it.  It  is  therefore  neces- 
sary, when  designing  an  engine  of  this  type,  to  give 
very  careful  consideration  to  the  location  of  the  various 
accessories  and  other  parts  of  the  engine  requiring  ad- 
justment or  inspection.  Generally  speaking,  the  Vee- 
type  engine  lends  itself  particularly  well  to  these  re- 
quirements as  it  is  naturally  compact,  light  in  propor- 
tion to  its  power,  and,  with  overhead  valves  and  the  car- 
bureters located  in  the  Vee,  these  moi-e  important  parts 
are  readily  accessible  from  above. 

In  discussing  accessibility  it  is  natural  that  the  ques- 
tion should  be  raised  as  to  the  merits  of  hand-holes  pro- 
vided in  the  crankcase  for  access  to  the  connecting-rod 
and  main  bearings.  Heretofore,  particularly  in  the 
larger  and  much  heavier  slow-speed  engines,  it  has  been 
customary  to  make  such  provision  but  the  reasons  behind 
this  practice  do  not  apply  to  the  class  of  engine  under 
discussion.  For  instance,  the  former  type  of  engine 
will  weigh  15  lb.  per  hp.  and  upward,  the  latter  type 
probably  not  one-fifth  as  much.  This  means  that  it  is 
a  comparatively  simple  matter  to  remove  the  high-speed 
engine  from  the  boat  whenever  necessary  for  major 
overhauling,  and  this  is  a  far  more  satisfactory  procedure 
than  attempting  to  work  in  the  cramped  quarters  of  the 
engine-room.  Furthermore,  due  to  the  high-grade 
material  employed,  the  light  reciprocating  parts  and  the 
excellent  lubrication  of  the  high-speed  engine,  its  bear- 
ing life  is  exceptionally  long.  Again,  the  engine  being 
designed  as  compactly  as  possible,  there  is  little  oppor- 
tunity for  providing  adequate  inspection-openings  with- 
out sacrificing  strength  in  the  crankcase.  When  it  is 
necessary  to  give  the  engine  what  is  termed  a  "top  ovei-- 
haul,"  that  is,  grind  the  valves,  etc.,  it  is  usually  essen- 
tial to  remove  the  cylinders,  and  this  of  course  leaves 
the  crankcase  cylinder  bores  available  as  inspection 
openings. 

Direction  of  Rotation 

With  the  powerful  high-speed  engines  used  in  the 
many  light  fast  boats  at  the  present  time  the  element  of 
torque  reaction  has  a  considerable  influence  on  the  steer- 
ing of  the  boat  and  for  craft  engaged  in  racing  where 
turns  around  the  course  are  invariably  to  the  left  it  is  of 
considerable  advantage  to  have  the  torque  reaction  as- 
sist in  banking  the  boat  on  the  turns.  This  means  that 
with  a  single-screw  installation  the  engine  should  turn 
clockwise  viewed  from  the  rear,  this  requiring  a  right- 
hand  "wheel."  Such  an  engine  is  also  used  on  the  right- 
hand  side  of  a  twin-screw  installation,  the  left-hand 
engine  revolving  in  the  opposite  direction.  It  therefore 
follows  that  the  right-hand  engine,  if  of  the  vertical 
type,  should  have  the  exhaust-manifold  on  the  right-hand 
side  and  the  water  outlet  on  the  same  side.  Similarly 
the  carbureter  should  be  on  the  left-hand  side,  together 
with  whatever  accessories  can  be  conveniently  arranged 
on  that  side. 

Installation  Requirements 

It  is  essential  in  the  design  of  a  high-speed  marine 
engine  for  the  engine  designer  to  work  in  close  har- 
mony with  the  hull  designer  to  secure  the  best  possible 
combination  of  the  engine  and  the  hull.  The  proper 
distribution  of  weight  in  a  high-speed  boat  determines 
its  performance  to  a  large  extent  and,  while  individual 
requirements  will  vary  considerably,  there  are  certain 
fixed  principles  that  may  be  laid  down.  Among  the 
most  important  is  the  depth  of  the  crankcase  below  the 
center-line  of  the  crankshaft  and  especially  at  the  rear 


end  it  is  necessary  to  keep  this  dimension  down  to  a 
minimum;  furthermore,  a  low  center  of  gravity  is  very 
desirable.  Suitable  provision  must  be  made  for  con- 
tinuous stringers  to  support  the  engine  and  to  avoid 
weakness,  no  jogs  or  recesses  should  be  required  in  these 
timbers.  Care  must  be  used  in  locating  the  oil,  water 
and  gasoline  connections  so  that  they  will  be  readily 
accessible  in  the  boat.  Standard  pipe-threads  should  be 
used  wherever  oil,  water  and  gasoline  connections  are 
made  to  the  piping  installed  in  the  boat,  since  this  gives 
the  boat-builder  the  widest  latitude  in  selecting  standard 
fittings  for  making  the  required  connections. 

The  engine  should  be  furnished  with  spark,  throttle 
and  mixture  controls  in  such  positions  as  to  connect 
readily  with  the  controls  used  in  the  boat.  The  exhaust- 
manifold,  which  is  naturally  included  with  the  engine 
equipment,  must  be  designed  so  that  the  exhaust-pipe 
can  be  connected  readily  without  necessitating  any  sharp 
bends  adjacent  to  the  manifold.  The  carbureter  should 
be  constructed  so  that  all  gasoline  leaks  due  to  a  flooding 
carbureter  will  flow  to  a  common  sump  that  can  be  con- 
nected to  a  drain-pipe  to  go  overboard.  The  carbureter 
air-intake  should  be  carried  to  a  point  where  a  back- 
fire is  not  likely  to  set  fire  to  any  possible  accumulation 
of  gasoline  or  oil  in  its  neighborhood. 

The  reverse-gear  operating  lever  should  preferably  be 
capable  of  attachment  on  either  side  of  the  engine  to 
suit  different  installations.  The  propeller-shaft  coupling 
should  be  furnished  with  the  engine  and  conform  to 
accepted  marine  standards. 

Finally,  complete  installation  drawings  should  be  fur- 
nished to  the  boat-builder,  together  with  a  power  curve 
of  the  engine,  recommendations  as  to  maximum  speed, 
diagrammatic  layouts  of  the  piping  and  wiring  systems, 
and  requirements  in  regard  to  oil  and  gasoline-tank 
capacities. 

As  typical  of  high-speed  marine  engines  there  are 
appended  below  complete  specifications  of  both  a  6-cyl- 
inder  and  a  12-cylinder  engine,  the  former  to  develop  from 
150  to  200  hp.,  and  the  latter  from  300  to  400  hp.,  the  low 
rating  in  each  case  applying  to  low-compression  engines 
adapted  to  run  on  commercial  gasoline,  and  the  higher 
rating  to  the  same  engine  equipped  with  high  compres- 
sion and  running  on  doped  fuel  for  racing  purposes. 
Bore,  in.  5 

Stroke,  in.  5% 

Displacement,  cu.  in. 

6  Cylinders  618 

12  Cylinders  1,237 

Cylinder  Arrangement 

6-Cylinder  Engine  Vertical  in  line 

12jCylinder  Engine — Two  rows  of  six  cylinders,  in- 
cluded angle  60  deg. 
Cylinder  Construction         Built-up  individual  steel  type 
Valve  Mechanism 

Single   enclosed   overhead   camshaft   over   each 
block  of  six  cylinders 
Valve  Actuation  Rocker-arms 

Cylinder  Center  Distance,  in. 

6;  except  between  No.  3  and  No.  4,  7% 
Connecting-rods 

9    in.    centers,    straddle    type    for    1237-cu.    in. 
engine,  I-beam  section 
Connecting-rod  Bolts 

12-Cyiinder   Engine,   Plain   Rod,   two   7/16-in.   bolts 
Forked  rod,  four  5/16-in.  bolts 
6-Cylinder   Engine,  Plain  Rod,  four  5/16-in.  bolts 
Piston  Material  Die-Cast  Aluminum 

Piston-Rings 

Four,  concentric  type,  lower  ring  below  piston- 
pin,  and  ground  taper 
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Piston-pin  Diameter,  in.  IV* 

Piston-pin  Bore,  in.  % 

Valves 

Number  per  Cylinder  2 

Diameter  in  the  Clear,  in.  2 

Lift  of  Inlet-Valve,  in.  7/16 

Lift  of  Exhaust-Valve,  in.  % 

Angle  of  Seat,  deg.  30 

Valve-Springs 

Type  Helical 

Number  per  Valve  2 

Valve-Timing 

Inlet  Opens  10  deg.  late,  closes  45  deg.  late 

Exhaust  Opens  48  deg.  early,  cioses  8  deg.  late 

Crankshaft 

•Main  Journal  Diameter,  in.  _       2% 

Crankpin  Diameter,  in.  2% 

Effective  Length  of  Connecting-Rod  Bearing, 

in.  2  3/16 

Effective  Length  of  Intermediate  Main  Bear- 
ings, in.  1  7/16 
Effective  Length  of  Center  Main  Bearing,  in.  2  11/16 
Crankcase  Material 
Type 

Aluminum  Box  Section,  split  on  center- 
line  of  shaft.  The  lower  half  has  contin- 
uous flanges  for  bolting  to  engine  timbers 
and  includes  reverse-gear  housing.  The 
lower  halves  of  the  main  bearing  are  car- 
ried in  the  lower  half  of  the  crankcase 
Ignition 

Battery-generator  type,  consisting  of  complete 
two-spark  distributor  for  each  set  of  six  cylin- 
ders 
Water-Pump 

Gear  type,   independent  pump  for  each   set  of 
six  cylinders 
Carbureter 

Two    duplex    2-in.    plain-tube    carbureters    for 
12-cylinder    engine;    two    2-in.    single   carbure- 
ters for  6-cylinder  engine 
Oil-Pump 

Duplex-gear    type,    one    scavenging-pump,    one 
pressure-pump 


Electric  Starter 

Automatic  gearshift  with  15  to  1  reduction 
Starting  Switch 

Remote-control  type 
Generator 

Third-Brush  regulation,  12  volts 
Exhaust-Manifold 

Water-Jacketed,  built-up  sheet-steel  type 
Water-Temperature  Control 

Full-Automatic  thermostat  system 
Forward  Clutch 

Multiple-Disc  type,   pressure-lubricated,  toggle 

engagement 
Reverse-Gear 

Planetary  type,  woven-asbestos  lining  on  brake- 
band 
Thrust  Bearing 

Deep-groove,  radial  ball-bearing  type 
WTeight,  lb. 

6-Cylinder  Engine  900 

12-Cylinder  Engine  1,150 

Rating  of  Six-Cylinder  Engine,  hp. 

5  to  1  Compression-Ratio  at  1800  R.P.M.      150 

6V2  to  1  Compression-Ratio  at  2000  R.P.M.  200 
Horsepower  of  12-cylinder  engine  is  double  that  of  the 
6-cylinder  engine  in  each  case 

It  has  been  attempted  in  this  paper  to  point  out  that 
the  tremendous  increase  in  speed  of  displacement  boats 
has  created  a  need  for  a  new  type  of  marine  engine. 
It  is  believed  that  the  requirements  of  the  service  have 
been  pointed  out  sufficiently  well  to  make  a  convincing 
argument  in  favor  of  the  special  light  construction  de- 
scribed as  compared  with  the  heavy  construction  used 
heretofore  in  slower-speed  marine  engines.  There  are 
undoubtedly  a  number  of  valuable  lessons  to  be  drawn 
from  aircraft-engine  design  and  in  many  respects  the 
materials  used  and  the  method  of  design  will  be  identi- 
cal in  both  cases.  In  other  respects  the  requirements 
of  marine  service  differ  from  other  automotive  practice 
and  there  is  plenty  of  room  for  the  marine  designer  to 
show  his  ingenuity. 


FEBRUARY  COUNCIL  MEETING 


''PHE  meeting  of  the  Council  held  in  New  York  on  Feb.  26 
*  was  attended  by  President  Alden,  First  Vice-President 
Crane,  Vice-Presidents  Warner  and  Masury,  Past-President 
Bachman  and  Councilor  Scott. 

The  financial  statement  as  of  Jan.  31,  1923.  showed  a  net 
balance  of  assets  over  liabilities  of  $120,404.54,  this  being 
$10,229.22  less  than  the  corresponding  figure  on  the  same 
day  of  1922.  The  income  of  the  Society  for  the  first  4 
months  of  the  current  fiscal  year  amounted  to  $91,950.59. 
The  operating  expense  during  the  first  4  months  of  the  cur- 
rent fiscal  year  was  $93,532.15. 

Fifty-seven  applications  for  individual  membership  and  ten 
for  student  enrollment  were  approved.  The  following  trans- 
fers in  grade  of  membership  were  made:  From  Associate  to 
Member,  E,  W.  Kimball,  G.  L.  Crosby,  C.  S.  Price;  Foreign 
Member  to  Member,  Charles  A.  Bennet,  E.  N.  Rahusen, 
Wallace  M.  Van  Deusen;  Service  Member  to  Member,  Gordon 
R.  Pennington;  Member  to  Service  Member,  J.  H.  Geisse; 
Junior  to  Member,  Erwin  L.  Bare,  Louis  C.  Huck,  John  F. 
Wyzalek,  W.  E.  Shively;  Junior  to  Associate,  M.  Lair  Hull. 

It  was  reported  that  up  to  Feb.  26,  1923,  165  applications 
for  membership  had  been  received  during  1923,  as  compared 
with  113  received  during  the  first  2  months  of  1922,  and  136 
during  the  first  2  months  of  1921. 


The  following  appointments  to  the  Standards  Committee 
were  made: 

C.  A.  Carlson Motorboat  Division 

F.  W.   Davis Truck  Division 

L.    R.    Buckendale Axle  and  Wheels  Division 

H.  L.  Williams Iron  and  Steel  Division 

E.  W.  Ehn Iron  and  Steel  Division 

It  was  decided  not  to  assign  the  subject  of  tire-chain  clear- 
ances for  consideration  in  connection  with  the  standardiza- 
tion activities  of  the  Society. 

Walter  F.  Graham  was  appointed  to  serve  as  the  Society's 
representative  on  the  American  Society  for  Testing  Mate- 
rials Committee  on  Malleable  Irons. 

R.  E.  Brown  was  appointed  by  President  Alden  to  serve 
as  the  Society's  representative  on  the  Consulting  Committee 
on  Lumber  Standardization,  City  of  Washington. 

T.  J.  Litle,  Jr.,  was  designated  a  member  of  the  Research 
Committee. 

A.  L.  Riker  was  appointed  a  member  of  the  Highways 
Committee. 

The  next  meeting  of  the  Council  was  tentatively  scheduled 
to  be  held  in  Cleveland  on  April  25,  the  day  preceding  the 
opening  of  the  Society's  Automotive  Transportation  Meeting 
which  will  continue  until  April  28. 
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Immediate  Possibilities  of  Commercial 

Airplane  Service 


By  ('.  (i.  Peterson1 


Annual  Meeting  Paper 


STATING  that  the  heretofore  impassable  barriers  to 
commercial  aviation  have  been  costs  and  the  lack  of 
desire  of  the  public  to  fly  often,  or  to  fly  at  all,  the 
author  proposes  that  the  public,  which  must  constitute 
the  market  for  airplanes  on  a  commercial  basis,  be 
educated  by  a  demonstration  of  safe  and  reliable  pay- 
load  airplane-service  extended  over  an  indefinite  period, 
and  outlines  a  plan  that  includes  the  surmounting  of 
cost  deterrents. 

He  marshals  arguments  and  statistics  to  show  that 
such  a  public  demonstration  can  be  made  by  a  proper 
and  adequate  equipment,  operation  and  maintenance 
of  the  Aerial  Mail  Service,  since  it  has  been  demon- 
strated already  by  this  service  that  mail  can  be  car- 
ried safely  by  air  and  that  it  can  be  flown  through 
hard  Northern  winter  weather.  His  statistics  include 
a  consideration  of  the  present  volume  of  mail,  spe- 
cial-delivery-letter and  parcel  or  package-carrying 
possibilities  as  revenue  producers,  being  inclusive 
also  of  the  postal  rates  necessary  under  such  condi- 
tions. 

An  estimate  on  the  cost  of  equipping  and  operating 
a  night-flying  line  between  New  York  City  and  Chi- 
cago, based  on  present  equipment,  is  given.  The  author 
believes  that  passenger  traffic  would  follow  unsolicited 
just  as  soon  as  the  public  realized  that  the  mail  air- 
planes were  flying  safely  and  on-time. 


T 


| HIS  meeting  is  to  be  devoted  to  a  discussion  of  the 
design  of  commercial  airplanes.  What  are  they, 
and  what  will  they  be  used  for?  Let  us  consider 
first  a  few  unpleasant  facts;  then  I  will  point  out  how 
commercial  airplanes  can  be  used  and  what  they  will  be 
used  for.  We  are  entering  the  fifth  year  after  the  war, 
in  what  had  been  predicted  to  be  the  age  of  commercial 
aviation.  But  during  these  years  not  one  American  com- 
pany that  I  know  of  has  sold  a  single  commercial  air- 
plane in  the  United  States  at  a  price  to  meet  the  con- 
struction cost  of  the  airplane,  the  engine,  and  its  acces- 
sories. To  be  sure,  some  new  airplanes  have  been  built 
and  have  been  sold,  but  they  have  been  equipped  with 
wartime  engines.  Some  new  engines  have  been  sold,  but 
they  have  not  often  been  placed  in  new  airplanes.  Sales 
of  completely  new  equipment,  airplane,  engines,  instru- 
ments, propellers,  and  accessories,  sold  as  a  complete  unit, 
and  all  above  the  cost  of  production,  are  unheard  of  for 
commercial  work.  We  read  of  and  see  companies  and 
individual  flyers  carrying  passengers,  but  what  com- 
pany in  America  could  afford  to  carry  passengers  if  it 
had  to  pay  the  first  cost  of  the  airplanes  and  the  engines. 
The  Army  patrols  portions  of  the  forests  for  fire  pro- 
tection, but  no  new  airplanes  have  been  sold  to  it  or  to 
individuals  for  that  purpose.  The  Navy  has  done  large- 
scale  mapping,  but  neither  the  Navy  nor  civilians  are 
buying  new  flying  equipment  for  that  purpose.  The  Post 
Office  Department  flies  some  mail,  but  has  its  own  shops 
for  rebuilding  wartime  DeHaviland  airplanes  and  Liberty 
engines.  The  most  discussed  fields  for  commercial  avia- 
tion are  passenger  carrying,  photography,  forest  patrol 


1  Assistant    to    the    president.    Wright    Aeronautical    Corporation. 
Paterson,  N.  J. 


and  the  transportation  of  mail  and  express.  If  in  5 
years  not  a  single  complete  American  airplane  has  been 
sold  above  first  cost  for  these  purposes,  for  what  com- 
mercial purpose  shall  we  design  either  commercial  air- 
planes or  engines?  We  must  find  a  market  that  can 
afford  to  purchase  new  equipment  before  we  can  design 
for  that  market. 

Thus  far,  I  believe  we  all  shall  agree  that  the  impassa- 
ble barriers  to  commercial  aviation  have  been  the  cost  and 
the  lack  of  desire  on  the  part  of  the  public  to  fly  often 
or  at  all.  If  we  spread  the  cost  very  thin,  and  do  not 
ask  strangers  to  fly,  does  not  the  prospect  look  brighter? 
There  is  such  a  market  ready  and  waiting,  a  market 
that  will  buy  airplanes  and  engines  eagerly  as  soon  as 
they  are  proved  to  be  better  than  the  existing  types. 
In  this  market  any  notable  improvement  that  will  in- 
crease the  durability,  economy  or  safety  will  find  a  ready 
sale.  The  requirements  will  be  set  forth  so  clearly  that 
designers  will  be  relieved  from  the  present  impossible 
situation  of  designing  something  for  which  there  is  no 
use  or  no  sale.  This  market  needs  only  to  be  told  the 
story  plainly  and  it  will  be  sold,  sold  for  all  time,  and 
will  stay  sold.  This  market  is  the  people  of  the  United 
States  as  represented  in  the  biggest  business  on  earth, 
the  United  States  mail. 

What  the  Aerial  Mail  Has  Demonstrated 

Facts  and  figures  to  prove  this  are  abundant.  The 
industry  is  immeasurably  indebted  to  Congress  for  a 
continuance,  during  the  last  4  years,  of  appropriations 
that  have  allowed  the  demonstration  in  an  experimental 
way  of  two  essential  facts ;  that  mail  can  be  carried 
safely  by  air,  and  that  it  can  be  flown  through  winter 
weather  in  the  North.  This  demonstration  has  been  on 
a  sufficiently  large  scale  so  that  these  facts  cannot  be 
disputed,  in  Congress  or  elsewhere.  Another  fact  is  the 
volume  of  mail  to  be  carried,  millions  of  letters  daily 
that  require  no  drumming-up  of  business.  Still  another 
is  that  the  millions  of  special-delivery  stamps  sold  yearly 
demonstrate  that  thousands  of  people  are  always  in  a 
great  hurry  to  have  their  mail  delivered,  even  though 
they  know  that  special  delivery  means  a  saving  of  a  very 
short  time  at  the  delivery  end  only.  The  volume  of  tele- 
grams and  night  letters  further  proves  this. 

Here  are  more  facts  that  have  an  important  bearing. 
Carrying  parcels  by  post  costs  millions  of  dollars  more 
than  the  revenue  received  from  postage,  yet  it  was 
eagerly  adopted  and  never  will  be  discontinued.  It  costs 
more  to  deliver  rural  free-delivery  mail  from  the  local 
postoffice  to  the  patron  than  the  entire  revenue  developed 
at  the  point  of  origin  amounts  to,  but  who  believes  the 
rural  free-delivery  will  be  discontinued?  As  a  final  fact, 
the  people,  through  their  representatives  in  Congress, 
have  been  willing  for  decades  to  take  a  loss  in  carrying 
mail.  This  year  it  is  predicted  that  the  cost  of  the  Post 
Office  Department  will  exceed  the  revenue  by  about  $60,- 
000,000.  If  by  air  mail  days  can  be  saved  instead  of 
hours,  if  the  revenue  of  the  Post  Office  Department  can 
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be  greatly  increased  and  the  operating  deficit  not  mate- 
rially increased,  will  more  facts  be  required  to  get  a 
market  for  our  designers? 

Let  us  scan  some  figures  to  substantiate  these  facts. 
Every  day  there  is  mailed  in  New  York  City  for  delivery 
in  Chicago  an  average  of  160,000  letters.  But  this,  by 
no  means,  represents  the  full  amount  of  first-class  mail 
sent  daily  from  New  York  City  to  Chicago.  The  average 
amount,  I  have  been  told,  is  about  25  tons,  which  is  the 
equivalent  of  2,000,000  letters  per  day,  the  difference 
representing  gateway  mail  at  both  points  and  mail  matter 
other  than  letters.  Most  of  this  mail  leaves  New  York 
City  after  5  p.  m.,  and  cannot  be  delivered  under  30  hr. 
after  the  train  leaves  New  York  City,  much  of  it  being 
over  41  hr.  on  the  way.  To  beat  this  time  and  to  save  a 
whole  business  day,  New  York  City-Chicago  mail  must 
be  flown  all  or  part  of  the  way  at  night.  With  proper 
beacon-lights  and  properly  lighted  emergency  fields  at, 
say,  20-mile  intervals,  with  radio  on  the  airplanes  and 
radio-direction-finders  on  the  ground,  night-flying  is  pos- 
sible. 

We  have  prepared  extensive  estimates  on  the  cost  of 
equipping  and  operating  a  night-flying  line  from  New- 
York  City  to  Chicago,  based  on  the  present  known  flying 
equipment,  with  the  contractor  providing  his  own  fields, 
radio  and  lights.  For  four  airplanes  each  way  daily  the 
cost  will  be  less  than  $2,000,000  per  year.  These  four 
airplanes  would  handle  about  100,000,000  letters  per  year 
if  they  were  carried  all  the  way  by  air,  or  twice  that 
number  if  carried  part  way  by  train  and  part  way  by 
air.  But  it  is  safe  to  assume  that  150,000,000  letters  per 
year  between  these  two  cities  could  be  expedited  1  busi- 
ness day  at  a  gross  cost  of  $2,000,000,  or  about  V/$  cents 
per  letter.  The  Post  Office  Department  estimates  the 
present  cost  of  handling  a  letter  at  about  1  cent;  there- 
fore, if  the  present  cost  of  1  cent  were  added  to  the  air- 
transmittal  cost  of  1J^  cents,  the  cost  to  the  Govern- 
ment above  the  2-cent  rate  would  be  only  V3  cent  per 
letter  and  the  total  cost  to  the  Government  would  be 
only  $500,000.  It  has  been  proposed  by  the  Post  Office 
Committee,  for  very  good  reasons,  to  charge  a  6-cent 
rate  for  air  mail  and  to  make  up  the  rest  of  the  load 
with  regular-rate  mail  matter.  On  this  6-cent  rate  there 
would  be  a  profit  to  the  Government  of  32/3  cents  per 
letter;  and  44,000  of  these  air  stamps  sold  per  day  would 
yield  sufficient  profit  to  offset  the  $500,000  cost  per  year. 
Forty-four  thousand  letters  are  only  about  2  per  cent  of 
the  mail  carried  at  present  on  this  route.  To  prevent 
misunderstanding,  let  me  repeat  that  this  cost  is  based 
on  four  airplanes  daily  each  way  and  a  4-year  contract. 
The  cost  cannot  exceed  $500,000  and  may  be  nothing. 
With  two  airplanes  daily  the  cost  would  be  about  $1,500,- 
000;  with  one  airplane  about  $1,000,000  per  year.  The 
authorized  rate  to  be  paid  to  the  contractor  if  such  a 
thing  were  necessary,  should  be  sufficient  to  cover  the 
latter  case,  or  5  cents  per  cu.  ft.  of  mail  compartment 
space  per  mile.  I  do  not  think  it  would  be  necessary  for 
Congress  to  specify  a  maximum  or  a  minimum  rate, 
because  it  has  not  done  so  in  the  appropriation  for  ex- 
pediting foreign  mail  by  air.  It  will  be  remembered  that 
for  years  $150,000  per  year  has  been  appropriated  for 


expediting  foreign  mail  by  air  with  no  limit  as  to  the 
rate. 

The  Effect  on  the  Designer 

This  is  where  the  rate  begins  to  affect  the  designer. 
It  probably  would  take  60  airplanes  and  80  engines  to 
cover  the  four-airplane  route,  as  described  above.  Based 
on  a  1000-hr.  life,  the  airplanes  would  be  worn-out  in 
less  than  3  years ;  so  there  would  be  a  steady  market  for 
20  airplanes  and  27  engines  per  year  on  this  one  run. 
It  is  certain  that  if  the  New  York  City-Chicago  route 
were  established,  other  lines  would  be  demanded  and 
provided.  The  first  extensions,  perhaps,  would  be  to 
St.  Paul,  Omaha,  Kansas  City  and  St.  Louis,  because  all 
these  cities  could  get  the  mail  from  New  York  City  the 
day  after  it  was  posted,  and  would  save  1  or  2  business 
days.  Other  probable  routes  would  be  two  lines  to  the 
Pacific  coast,  one  north-and-south  line  east  of  the  Rocky 
Mountains,  one  from  Chicago  to  New  Orleans  and  one 
each  on  the  Atlantic  and  the  Pacific  coasts.  The  total 
mileage  might  soon  reach  15,000  miles,  which  would  re- 
quire from  500  to  600  airplanes,  with  a  heavy  yearly 
replacement  of  both  airplanes  and  engines. 

The  design  of  airplanes  for  carrying  mail  from  New 
York  City  to  Chicago  should  be  predicated  on  a  mail-load 
of  at  least  1000  lb.,  a  maximum  speed  of  125  m.p.h.,  and 
an  economical  cruising-speed  of  100  m.p.h.,  with  a  fuel- 
capacity  for  not  less  than  350  miles.  Forty  letters  weigh 
about  1  lb.  and  1  cu.  ft.  of  mail  weighs  about  25  lb.,  so 
that  considerable  weather-proofed  cockpit  space  must  be 
provided  in  a  location  that  is  free  from  fire  hazard.  A 
twin-engine  airplane  designed  to  fly  well  with  one  engine 
would,  undoubtedly,  be  much  more  valuable  for  night- 
flying  than  a  single-engine  airplane.  One  such  airplane 
was  almost  completed  in  Germany  before  work  on  it  was 
ordered  stopped  by  the  Allied  Commission.  The  im- 
proved vision  of  a  twin-engine  airplane,  in  that  the  pilot 
does  not  need  to  look  through  a  propeller,  almost  equals 
in  importance  the  added  safety  of  such  an  airplane. 

Passenger  traffic  would  follow  unsolicited  as  soon  as 
the  communities  realized  that  the  airplanes  were  flying 
safely  and  on-time.  There  would  be  little  need  of  pro- 
viding passenger  space  in  mail  airplanes,  other  than 
room  for  one  passenger,  perhaps,  and  that  need  not  be 
made  more  comfortable  than  the  pilot's  seat.  Mail  air- 
planes will  usually  be  loaded  to  their  full  capacity  with 
mail  and  will  leave  at  times  and  from  places  that  may 
not  be  convenient  for  passengers.  When  passenger  busi- 
ness comes,  airplanes  can  be  designed  for  it,  but  they 
will  be  as  different  from  mail  airplanes  as  Pullman  cars 
are  different  from  railway  post-office  cars. 

Congress  will  not  take  action  on  this  matter  this  term 
because  of  press  of  business.  But  at  the  next  session 
plans  should  be  made  so  that  the  matter  can  be  presented 
clearly  and  forcefully.  Not  less  important  will  be  the 
presenting  of  facts  to  the  people  at  large,  so  that  they 
can  understand  what  it  will  mean  to  them  individually. 
So  far  as  commercial  aviation  goes  we  have  run  round 
in  circles  for  nearly  5  years.  Here  is  a  straight  course. 
When  the  time  comes  to  act,  let  us  be  able  to  depend 
on  your  support  and  efforts. 
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AFTER  outlining  the  ideas  regarding  the  success  of 
a  service-station  which  the  author  had  when  he 
entered  the  service  industry,  such  as  a  convenient  loca- 
tion and  consistent  newspaper  advertising,  the  24-hr. 
service  that  his  organization  is  prepared  to  furnish 
for  Ford  cars  is  described  briefly.  The  methods  em- 
ployed in  getting  service  work  on  Lincoln  cars  by  the 
use  of  circular  and  personal  letters  are  commented  on 
briefly,  it  being  pointed  out  that  January  and  Febru- 
ary are  now  two  of  the  best  months  in  the  year  as 
regards  the  amount  of  service  work  performed  instead 
of  being  dull.  The  importance  of  a  modern  tool-equip- 
ment and  the  careful  selection  of  the  personnel  for  a 
service-station  are  mentioned,  emphasis  being  laid  upon 
the  fact  that  in  a  service  organization  the  men  should 
have  a  fundamental  education  for  their  work. 

A  number  of  pieces  of  special  equipment  that  have 
been  purchased  from  outside  manufacturers  or  devel- 
oped by  the  author's  own  organization  are  illustrated 
and  described.  Among  the  latter  are  an  inclined  plat- 
form for  raising  the  front  end  of  the  car  when  work 
has  to  be  done  on  the  engine  from  underneath,  a  special 
spark-synchronizing  device  and  a  rig  for  relining 
brakes.  The  importance  of  having  a  thoroughly  com- 
petent floor-man  to  meet  the  customer  and  write  the 
repair  order  is  emphasized;  and  a  brief  description  of 
the  method  of  handling  work  in  the  shop  is  given  to- 
gether with  an  outline  of  the  road-test  that  is  made 
of  all  jobs  that  necessitate  any  change  in  the  running- 
gear  of  the  engine.  The  importance  of  delivering  the 
car  to  the  owner  on  time,  clean  and  free  from  tool- 
marks  is  pointed  out. 

The  flat-rate  system  of  service  charges  receives  con- 
sideration, the  author  being  of  the  opinion  that  eventu- 
ally practically  all  maintenance  work  will  be  handled 
on  that  basis.  The  way  in  which  the  flat  rates  charged 
by  his  service-station  were  arrived  at  are  outlined 
briefly.  An  indication  of  the  way  in  which  cost  data 
on  an  operation  are  secured  and  distributed  among 
the  various  accounts  completes  the  paper. 

SERVICE  is  to  the  automobile  business  what  safety- 
vaults  are  to  the  banker.  Both  are  essential  to  the 
security  of  the  business.  Today  we  have  graduated 
the  industry  into  the  greater  realm  known  as  "trans- 
portation service."  This  embraces  rail,  electric  and 
steamer  lines  and  motor  cars  and  trucks.  The  motor 
car  is  now  sold  as  much  by  the  satisfactory  reputation 
of  the  service-station  of  the  dealer  as  by  the  efforts  of 
the  sales  force.  One  of  the  first  questions  asked  by  a 
prospective  customer  is,  "What  kind  of  service  do  you 
give?"  Service  should  be  founded  upon  a  mutual  under- 
standing based  on  honesty. 

When  we  started  our  business  we  had  certain  ideas 
which  have  proved  successful.  First  was  a  convenient 
location.  We  therefore  built  upon  a  corner  of  the  most 
prominent  thoroughfare  in  Boston,  Commonwealth  Ave- 
nue, which  is  in  the  heart  of  the  automobile  district.  It 
was  more  costly  but  it  has  more  than  repaid  us  in  ad- 
vertising value,  as  well  as  proved  a  great  aid  in  sales  and 
service.  Our  firm  was  made  up  of  practical  executives 
who  had  had  extensive  experience  in  dealing  with  own- 
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ers  of  high-grade  motor  cars,  and  we  aimed  to  make 
service  an  asset  and  not  a  liability.  From  the  start  we 
were  firm  believers  in  advertising  and  used  the  news- 
papers consistently.  We  made  an  analysis  of  circula- 
tions. Our  new  building  was  fitted  up  so  that  it  was  not 
outranked  by  any  other  in  the  city.  An  electric  sign 
on  the  roof  that  could  be  seen  for  miles  in  all  directions 
flashed  the  name  Lincoln  every  few  seconds.  It  now 
flashes  both  Lincoln  and  Ford  names  and  the  fact  that 
we  give  24-hr.  service  on  Ford  cars. 

We  decided  to  follow  right  through  with  the  owner  in 
a  service  way  from  the  very  day  he  took  delivery  of  his 
car,  our  first  step  in  this  direction  being  to  attach  a 
small  tag  to  the  instrument-board  regarding  the  chang- 
ing of  oil  and  grease,  the  care  of  the  battery,  etc.  In 
view  of  the  fact  that  we  had  a  new  account  we  felt  that 
a  large  proportion  of  our  service  work  at  first  would 
come  as  a  result  of  accidents  to  customers'  cars.  Our 
plan  for  taking  care  of  cars  that  have  been  in  collisions 
is  efficient  without  involving  brass-band  methods.  In- 
stead of  a  service-vehicle  painted  in  bright  hue,  with 
machinery  and  tackle  like  those  on  a  wrecking  train  on 
a  railroad,  we  send  out  two  cars.  The  owner  with  his 
family  transfers  into  the  first  one  and  goes  away  from 
an  embarrassing  predicament,  and  the  wrecked  car  is 
towed  quickly  and  quietly  to  the  service-station.  We 
have  found  that  our  owners  appreciate  this  spirit  of  co- 
operation on  our  part. 

24-Hr.  Service  on  Ford  Cars 

When  we  took  on  the  Ford  account  we  inaugurated 
our  24-hr.  service  for  Ford  cars.  This  has  proved  very 
successful.  Owners  of  fleets,  especially,  realize  how  much 
it  means  to  know  that  they  may  have  any  disabled  car 
brought  in  at  night  for  repairs,  and  have  it  back  on  the 
job  the  next  day  unless  too  badly  damaged  to  make  this 
possible.  This  has  not  only  brought  us  much  service 
work  but  also  many  sales.  The  police  departments  of  a 
number  of  the  cities  and  towns  adjoining  Boston  now 
telephone  us  when  a  car  is  disabled  or  abandoned  and 
ask  us  to  come  out  and  remove  it  from  the  highway,  no 
matter  what  make  of  car  it  may  be.  We  find  now  that 
five  men  can  operate  the  night  shift.  In  an  emergency 
they  can  make  up  two  wrecking-crews,  leaving  one  man 
in  charge  of  the  shop;  and  when  not  on  the  road  they 
can  take  care  of  an  extremely  large  amount  of  repair 
work.  The  percentage  of  towing  jobs  are  35  per  cent 
at  night  and  65  per  cent  by  day. 

Our  method  of  getting  work  into  our  shop  has,  per- 
haps, been  rather  unusual,  especially  in  connection  with 
the  Ford  service.  Shortly  after  we  started  handling 
Ford  cars,  we  made  an  investigation  and  found  that  we 
were  not  getting  much  repair-work,  this  being  due  to  the 
fact  that  the  Ford  business  in  and  around  Boston  is  ex- 
tremely well  organized  and  it  is  rather  difficult  for  a 
new-comer  to  break  into  the  service  work.  We  there- 
fore secured  a  list  of  Ford  owners  in  greater  Boston 
and  to  some  25,000  of  these  we  issued  a  card  very  simi- 
lar to  that  given  by  a  club  to  a  member.     The  owner's 


265 


Vol.  XII 


March,   1923 


No.  3 


266 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Pointed  ends  off  center  to  keep  gage 
tvmea 'mth scale up 

.This  end  telescopes  mihin  the  tube  and  is  held 
:  against  the  tire  bu  a  coiled  spring.  Scale  on  the 

-  a  part  registers  etacf  "toe  in'wifh  . 

--interonhjbe.Scakmoybesetatiero       .Adjustment  pmr Jed  brdifterenthns 

\trq& .    .     .'.     .     .  I 


I  .Chams-Gcying htighf- 

■ 


Floort. 


are 


Fig.    1 — Front-Wheel  Gage  That  Is  Adjustable  for  Various 
Sizes  of  Tire 

name  was  written  on  the  card  which  stated  that  he  was 
entitled  to  inspection  and  adjustment  of  the  ignition 
system  on  his  car  at  30-day  intervals,  for  which  no  labor 
charge  would  be  made.  On  one  side  of  the  card  was  an 
illustration  of  our  building,  the  24-hr.  service  being 
featured.  Above  this  engraving  was  a  place  for  enter- 
ing the  dates  of  inspection.  The  results  were  surprising. 
Many  Ford  owners  called  to  look  our  building  over,  some 
coming  at  night  because  that  was  their  only  available 
time.  Very  soon  the  word  went  around  that  here  was 
a  place  to  get  something  done  at  any  time  and  gratis  if 
warranted.  To  give  actual  figures,  an  average  of  25 
owners  a  day  called  at  our  Ford  repair-department  in  the 
first  two  months.  Many  asked  questions  about  ignition 
which  were  answered  courteously  and  thoroughly.  A 
large  number  bought  coil-points,  generator  cut-outs, 
timer  parts  and  similar  supplies.  Most  of  them  are  now 
permanent  customers.  We  have  sold  30  or  35  new  Ford 
cars  in  this  way;  and  all  of  these  sales  will  aid  us  in 
building  up  our  Ford  business. 

In  connection  with  getting  service  work  on  Lincoln 
cars,  we  have  kept  in  touch  with  our  owners  by  circular 
and  personal  letters.  About  the  middle  of  October,  we 
send  out  a  circular  letter  stating  the  percentage  of  alcohol 
to  obtain  a  proper  anti-freeze  solution  and  advising  own- 
ers what  our  charge  will  be  for  it.  When  the  tail- 
lamp  regulation  went  into  effect  in  Massachusetts  we 
went  to  the  trouble  of  having  a  specially  designed  bracket 
made  to  attach  a  high-grade  tail-lamp  to  Lincoln  cars. 
We  then  sent  out  a  circular  letter  to  all  Lincoln  owners, 
and  as  a  result  attached  tail-lamps  to  approximately  80 
per  cent  of  the  Lincoln  cars  in  Massachusetts,  despite 
the  fact  that  some  30  or  35  lights  were  being  marketed 
at  a  lower  price  than  the  one  which  we  offered.  This  was 
striking  evidence  of  the  fact  that  owners  of  high-grade 
cars  are  not  penurious  when  it  comes  to  buying  some- 
thing really  good  for  their  cars.  About  the  middle  of 
December,  we  send  out  a  circular  letter  to  all  our  own- 
ers telling  them  that  the  best  time  has  arrived  for  over- 
hauling and  repainting  their  cars.  This  enables  us  to 
get  in  a  large  amount  of  work  during  the  period  which 
is  usually  dull,  and,   due  to  the  good  profit   in  repaint 
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work,  January  and  February  stand  out  as  two  of  the 
best  months  in  the  year  as  regards  the  amount  of  service 
work  performed.  As  we  have  no  paintshop  of  our  own 
we  job  the  work  out  to  two  or  three  shops  near  by  at 
wholesale  prices.  When  we  notice  on  a  customer's  ser- 
vice card  that  he  has  not  had  his  car  in  the  shop  for 
some  time,  we  either  write  him  a  letter  or  get  in  touch 
with  him  personally  to  find  out  if  he  is  dissatisfied.  This 
is  very  rare,  however,  as  upon  the  completion  of  a 
service  job  we  usually  write  the  owner  asking  him  if  the 
work  has  been  performed  satisfactorily  and  if  he  has 
any  comments  to  make.  If  there  are  any  criticisms  or 
misunderstandings  they  are  straightened  out  without 
delay. 

Modern  Equipment  and  Trained  Personnel'  Necessary 

After  getting  the  work  into  the  shop,  it  is  up  to  us  to 
see  that  it  is  performed  in  accordance  with  our  policies 
as  set  forth  in  the  preceding  paragraphs.  This  means 
that  our  equipment  must  be  thoroughly  modern  and  that 
our  workmen  must  be  efficient  and  well-trained.  Of 
course,  the  small  dealer  in  the  little  town  cannot  carry 
100  per  cent  tools  and  machinery,  but  he  should  be  sold 
on  the  idea  that  no  chain  is  stronger  than  its  weakest 
link;  that  slipshod  methods  in  the  smaller  towns  eventu- 
ally will  reflect  upon  the  distributor,  and  through  him  on 
the  maker,  thereby  lessening  sales  at  a  cost  to  all  con- 
cerned. The  distributor  should  keep  in  close  touch  with 
the  outside  dealers  to  aid  them  when  service  problems 
come  up ;  not  in  a  patronizing  way,  but  with  a  spirit  of 
cooperation.  The  small  dealer  may  be  able  to  give  the 
distributor  ideas;  coordination  will  build  up  the  entire 
organization.  When  the  service  everywhere,  or  nearly 
everywhere,  is  uniformly  good  it  becomes  known  to  each 
owner  through  other  owners,  and  the  owner  then  begins 
to  take  an  interest  in  his  car,  so  that  the  chauffeur  will 
not  be  allowed  to  take  a  car  to  some  friend  to  have  it 
repaired.  It  is  one  of  the  best  methods  to  get  the  work 
inside  your  doors. 

The  personnel  should  be  selected  carefully.  It  cannot 
be  done  in  a  week  or  a  month.  In  our  organization  we 
have  been  building  up  the  personnel  from  the  start. 
We  treat  our  men  in  such  a  manner  as  to  give  them  a 
feeling  of  trust  and  confidence.  We  do  not  jump  on  them 
when  they  make  a  mistake.  They  have  been  taught  to 
know  that  mistakes  are  costly;  that  they  may  be  avoided 
by  using  common-sense  and  judgment;  that  it  is  better 
to  prevent  them  at  the  start.  So  our  workers  are  not 
afraid  to  ask  questions  or  let  some  one  know  they  are 
puzzled  by  a  certain  bit  of  work.  This  has  been  brought 
about  by  asking  men  to  rectify  mistakes  they  have  made 
by  working  at  night  without  pay.  They  have  agreed 
that  this  is  fair  and  do  it  without  grumbling.  But  the 
men  learned  their  lessons  so  long  ago  that  we  have  mini- 
mized mistakes  now.  This  has  resulted  in  eliminating 
that  bugbear  of  service  departments,  concealed  mistakes. 

This  is  the  age  of  specialists.  Therefore,  in  a  service 
organization  the  men  should  have  a  fundamental  educa- 
tion for  their  work.  On  our  ignition  jobs  we  put  men 
who  have  been  educated  in  the  underlying  principles  of 
electricity.  Other  men  do  all  their  work  on  transmis- 
sions. Various  other  parts  of  the  car  are  taken  care 
of  by  men  who  have  developed  for  just  those  things. 
This  leads  to  efficiency.  When  the  ignition  man  has  a 
magneto  to  take  down,  being  skilled,  he  goes  to  the  tool- 
rack  and  picks  out  proper  wrenches,  screw-drivers  and 
other  tools  needed  for  the  job.  The  unskilled  man  takes 
a  couple  offhand,  goes  back  to  his  bench  and  tries  them; 
they  may  not  fit,  and  he  makes  a  second,  third  or  fourth 
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trip,  mentally  guessing  what  he  needs.  That  means  just 
so  much  more  time  that  the  owner  is  paying  for;  waste 
time  in  getting  the  repairs  done  as  specified.  The  same 
applies  to  other  jobs.  In  our  service  department  we  have 
overcome  this  through  talks  to  the  men,  and  also  by 
having  experts  come  in  to  show  what  can  be  done  through 
systematic  effort.  The  results  accomplished  in  this  way 
have  been  extremely  satisfactory  as  the  men  take  pride 
in  the  efficiency  with  which  they  do  their  work. 

It  is  a  fact  that  work  cannot  be  efficiently  done  with- 
out the  proper  tools.  The  manufacture  of  labor-saving 
devices  for  automotive  work  has  become  a  complete  in- 
dustry in  itself.  There  is  no  excuse  for  any  service- 
shop  trying  to  get  along  without  the  proper  equipment. 
For  a  small  extra  charge  we  had  a  representative  of  a 
large  socket-wrench  firm  call  and  design  wrenches  for  us 
that  would  fit  the  various  jobs.  For  instance,  fhey  fur- 
nished a  double-end  Ell  wrench  that  fits  both  the  cylinder- 
head  and  the  intake-manifold  nuts.  This  type  of  wrench 
which  cuts  down  the  number  of  tools  a  worker  has  on 
the  job  is  invaluable  as  a  time-saver,  yet  its  cost  is 
trifling.  Precision  tools  also  have  become  familiar  to  us 
and  are  a  necessity.  Pistons,  crankshafts  and  cylinders 
cannot  be  properly  inspected  without  micrometers. 
Crankshafts  or  connecting-rod  bearings  cannot  be  tested 
for  eccentricity  without  an  indicator  gage  and  the  proper 
clamps  for  holding  it  in  the  various  places  of  application. 
This  sort  of  equipment  assists  a  worker  in  immediately 
locating  the  source  of  trouble.  How  could  the  noise  in  a 
tappet  due  to  a  flat  spot  in  a  cam  roller  be  located  with- 
out accurate  measuring  devices?  Builders  of  motor  cars 
generally  are  able  to  supply  the  service-man  with  a  good 
line  of  special  wrenches,  pullers  and  other  tools  which 
are  of  great  value. 

Some  Special  Equipment 

Out  of  all  the  various  duplications  of  devices  by  differ- 
ent manufacturers,  there  is  generally  one  that  appears  to 
be  so  much  better  as  to  make  the  sales  success  of  any  of 
the  others  seem  a  mystery.  Such  a  device  is  a  front- 
wheel  gage  illustrated  in  Fig.  1  which  is  manufactured 
near  Boston  by  a  small  company.  The  ingenious  manner 
in  which  the  complicated  process  is  performed  accurately 
has  made  this  gage  very  popular  with  local  service-men. 
When  this  gage  is  in  use  it  is  placed  between  the  front 
wheels  on  the  forward  side  of  the  axle  with  the  pointed 
ends  bearing  against  the  tires  and  the  pendant  chains 
with  their  ends  just  touching  the  floor.  Both  ends  are 
telescopic,  one  being  adjusted  and  set  for  the  various 
sizes  of  tire  and  the  other  being  forced  outward  by  a 
coil  spring  inside  the  bar.  The  tension  of  this  spring 
and  the  pointed  ends  are  sufficient  to  hold  the  gage  in 
position.  The  sliding  end  carries  a  graduated  scale  that 
is  adjustable  and  can  be  set  at  zero  after  the  gage  is  in 
place.  The  pointed  ends  being  off  center,  the  scale  is 
always  on  the  upper  side  where  it  can  be  easily  seen. 
After  this  gage  is  in  place  the  car  is  rolled  forward  until 
the  gage  is  behind  the  axle  and  the  chains  again  have 
their  ends  just  touching  the  floor.  The  toe-in  is  then 
read  from  the  scale.  This  reading  is  accurate  regardless 
of  irregularities  in  tire  mounting  and  untrue  wheels  be- 
cause the  gage  is  not  moved  between  readings. 

Another  device  that  is  a  great  time-saver  and  makes  a 
dangerous  operation  safe  for  the  worker  is  the  valve- 
spring  compressor  that  is  illustrated  in  Fig.  2.  Every- 
one who  has  worked  on  engines  has  a  dread  of  placing  a 
valve-spring  in  a  vise  together  with  two  little  blocks  and 
then  fitting  a  pair  of  clips  to  hold  it  while  putting  it  In 
Dosition.     The  equipment  pictured  here  compresses  the 


Pig.  3 — One  of  the  Inclined  1'latforms  That  Has  Been  Devel- 
oped To  Raise  One  End  of  a  Car  Clear  of  the  Floor  and  Permit 
a  Man  to  "Work  Underneath 

spring  with  an  ingenious  lever  and  toggle  arrangement 
and  the  double  clip  with  the  handle  is  absolutely  safe 
against  slipping.  Complete  sets  of  these  clips  on  the  job 
eliminate  unnecessary  trips  by  the  mechanic  between  the 
car  and  the  spring  compressor  which  is  screwed  to  the 
bench.  This  rigging  has  found  great  favor  with  our 
mechanics. 

In  Fig.  3  will  be  noticed  a  large  floor-type  Alemite  gun. 
With  the  use  of  this  gun  we  are  able  to  grease  a  car  in 
less  than  half  the  time  necessary  with  a  hand-gun.  Re- 
ferring to  the  photograph,  a  stroke  of  the  lever,  which  is 
seen  in  a  horizontal  position  on  top  of  the  container, 
forces  into  the  part  to  be  lubricated  %  cu.  in.  or  so  of 
grease  under  pressure  as  high  as  2500  lb.  Additional 
pressure  is  applied  only  on  the  lever  and  is  not  stored 
up  in  any  way.  This  is  a  great  advantage  over  the  screw 
type  of  hand-gun  that  must  first  be  screwed  up  to  apply 


Fig.  4 — Diagram  of  the  Spark-Stnchronizing  Devicb 
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the  pressure  and  then   unscrewed   before   disconnecting 
the  hose. 

We  maintain  a  small  engineering  office  in  which  de- 
velopment and  advancement  work  is  carried  on.  When 
the  need  of  some  device  is  felt  and  there  is  nothing  in 
the  market  to  cover  the  work,  equipment  designed  to 
meet  the  approval  of  those  concerned  is  built.  Such  a 
product  is  the  spark  synchronizing  device  for  the  Delco 
ignition  system  on  a  Lincoln  car  which  is  arranged  with 
a  separate  breaker  for  each  bank  of  four  cylinders.  One 
of  the  adjustments  which  is  most  important  to  the  per- 
formance of  the  car  and  one  of  the  most  difficult  to  make 
exactly  right  is  the  synchronizing  of  these  two  breakers. 
The  spark  must  have  exactly  the  same  advance  in  both 
sides  of  the  engine.  Referring  to  the  diagram  that  is 
reproduced  in  Fig.  4,  the  breakers  are  located  on  the 
posts  at  a  which  are  fastened  to  the  base  plate.  The  base 
plate  in  turn  is  fastened  to  the  distributor  main  casting 
with  three  screws.  These  screws  at  b  pass  through  a  slot 
in  the  plate  that  permits  the  whole  plate  assembly  to 
oscillate  about  the  third  screw  at  c.  This  oscillation 
changes  the  angular  relation  of  the  two  breakers  and 
permits  of  an  accurate  synchronization.  Our  method  of 
making  this  adjustment  is  very  simple  and  very  accur- 
ate. After  removing  the  distributor  head  and  rotor  the 
pointer  shown  at  d  is  slipped  over  the  cam  and  a  pencil 
mark  on  the  distributor  casting  is  made  opposite  the 
pointer  wherever  it  should  happen  to  be.  The  protractor, 
which  has  a  pilot  on  the  under  side  fitting  the  casting 
bore,  is  laid  in  position  on  top  of  the  distributor  casting 
and  the  screw  that  spreads  the  shaft  inside  the  cam  is 
loosened.  The  pointer  may  now  be  revolved  freely  about 
the  shaft  without  turning  the  engine  over.  A  small 
light  on  a  dry-cell  circuit  is  wired  to  each  breaker  so 


Fig.  5 — The  Spark-Synchronizing  Device  in  Use  on  a  Car  with 
the  Dry  Cells  and  the  Pair  of  Indicating  Lights  Above 


Fig.  6 — Jig  for  Relining  Brakes 

that  the  light  goes  out  when  the  contacts  break.  The 
Lincoln  cylinders  being  spaced  on  an  included  angle  of 
60  deg.  the  pointer  should  travel  30  deg.  from  the  first 
spark  to  the  second  and  60  deg.  from  the  second  to  the 
third.  The  protractor  is  graduated  every  30  deg.  and 
shows  the  permissible  tolerance  of  2  deg.  in  either  direc- 
tion. We  find  that  if  the  points  are  smooth  and  the  gap 
properly  adjusted  and  the  break  occurs  within  the  toler- 
ance but  not  exactly  on  the  exact  point  it  can  be  cor- 
rected by  slightly  adjusting  the  gap  but  if  the  break 
occurs  more  than  2  deg.  off  it  is  necessary  to  change  the 
position  of  the  plate.  It  will  be  noticed  that  this  is  also 
a  check  on  the  workmanship  of  the  cam  and  makes  it 
possible  to  set  these  breakers  to  give  the  best  results  in 
all  eight  cylinders,  in  place  of  adjusting  from  two  ad- 
jacent cylinder  markings  on  the  flywheel.  After  this 
adjustment  is  made  the  cam  set-screw  is  tightened,  locat- 
ing the  pointer  from  the  pencil  mark  on  the  casting,  and 
the  distributor  is  reassembled.  The  use  of  this  device  is 
obviously  a  great  time-saver  over  the  old  method  of  tak- 
ing up  the  floor  and  the  clutch  cover  and  adjusting  from 
the  marks  on  the  flywheel  while  turning  the  engine  over 
by  hand.  It  is  also  seen  that  it  is  vastly  more  accurate 
when  account  is  taken  of  the  lag  in  the  timing  chain  and 
of  the  tolerances  adding  up  in  the  many  parts  that  form 
the  drive  between  the  crankshaft  and  the  distributor. 
Fig.  5  shows  the  general  layout  of  this  device,  the  wooden 
box  carrying  the  dry  cells  and  the  pair  of  small  lights  in 
their  protecting  cage. 

Relining  brakes  has  always  been  a  mean  job.  It  is 
very  difficult  to  hold  at  one  time  the  band,  the  lining,  the 
small  rivet  and  the  punch.  This  process  is  common 
enough  to  merit  a  business-like  and  efficient  rig.  The 
sketch  reproduced  in  Fig.  6  shows  the  stand  that  is 
bolted  to  the  bench  and  the  method  of  mounting  a  brake- 
drum  on  a  shaft  so  that  it  can  be  turned  about  its  center 
and  also  raised  off  the  dies.  The  band  and  the  new  lining 
are  placed  on  the  outside  of  the  drum  and  tightened  into 
place.  A  1i>-in.  hole  located  at  each  rivet  in  the  drum 
permits  all  the  holes  in  the  new  lining  to  be  drilled  at  one 
time.  The  tubular  rivets,  which  we  have  found  entirely 
satisfactory,  are  all  pushed  into  place  and  then  riveted 
from  the  inside  of  the  drum,  through  the  series  of  holes, 
using  the  dies  to  hold  the  rivet-head.  The  coiled  spring 
is  adjusted  so  that  it  is  capable  of  just  balancing  the 
weight  of  the  drum  assembly.  The  weight  of  the  punch 
in  the  worker's  hand  easily  holds  the  rivets  down  to  the 
dies  but,  upon  releasing,  the  coiled  spring  forces  it  up  to 
a  position  where  all  the  irregularities  on  the  band  clear 
the  die  and  the  drum  can  be  revolved  on  its  shaft.  This 
method  has  worked  out  very  well  and  made  it  possible 
to  reline  a  brake  in  less  than  one-half  the  time  consumed 
when  using  a  vise. 
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We  have  found  that  chain-falls  mounted  on  a  rail  are 
far  in  advance  of  any  portable  jacks  and  hoists.  They 
can  be  used  for  removing  the  body,  the  engine  or  the 
rear  end.  We  hoist  the  front  end  of  the  engine  for  tim- 
ing work  in  place  of  jacking  up  from  underneath.  It  is 
necessary,  however,  when  doing  piston  or  bearing  work 
from  the  underside  to  have  the  car  very  steady.  The 
swinging  resulting  from  chain-falls  retards  the  use  of 
indicator  gages  and  other  measuring  tools.  For  this 
work  we  made  up  the  inclined  platforms  shown  in  Fig.  3. 
They  are  of  exactly  the  right  height  to  permit  a  man  to 
work  comfortably  on  a  floor-creeper  and  yet  they  in  no 
way  inconvenience  him.  The  car  can  be  driven  on  and 
off  of  these  platforms  without  difficulty. 

We  have  always  instructed  our  men  to  be  very  careful 
not  to  mar  or  spot  the  cars.  The  photograph  reproduced 
in  Fig.  7  shows  how  carefully  cars  are  covered  while 
they  are  in  the  shop.  Note  that  even  the  steering-wheel 
and  the  front  frame-bar  are  enclosed  in  leather  wrap- 
pings.   The  men  are  furnished  with  clean  overalls  daily. 


Pig.  7 — How  Cars  Are  Covered  while  They  Are  in  the  Shop 
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The  cover  on  the  front-seat  upholstery  remains  on  the 
car  until  all  testing  has  been  accomplished.  We  believe 
that  much  of  the  success  attained  by  many  automobile 
service-stations  can  be  traced  directly  to  the  fact  that 
they  are  properly  equipped.  We  find  in  our  own  particu- 
lar organization  that  courtesy  in  its  broadest  sense  has 
more  to  do  with  the  satisfaction  of  customers  with  our 
service  than  almost  any  one  other  item.  The  average 
customer  is  so  accustomed  to  short,  curt  replies,  indiffer- 
ence and  impoliteness  that  when  he  is  faced  with  a 
courteous  service-man  he  immediately  thaws  out  and  be- 
comes the  regular  fellow  that  he  really  is  underneath. 

By  far  the  greater  majority  of  complaints  regarding 
poor  service  result  from  misunderstandings  between  the 
customer  and  the  service  department.  The  logical  time 
to  prevent  these  misunderstandings  is  when  the  car  is 
first  brought  to  the  service-station  and  the  order  written. 
One  of  the  most  responsible  positions  in  the  service  de- 
partment is  that  of  the  floor-man  who  meets  the  cus- 
tomer and  attends  to  his  wants.  This  man  must  have  a 
pleasing  personality,  a  neat  appearance  and,  above  all,  he 
must  know  the  car  thoroughly.  He  must  be  a  trained 
mechanic,  electrician  and  tester  and,  if  his  work  is 
properly  done,  misunderstandings  and  complaints  very, 
very  seldom  arise.  We  aim,  first,  to  listen  attentively  to 
the  customer's  story  of  his  difficulties,  either  real  or 
imaginary,  and  then  make  a  careful  analysis  of  these  diffi- 
culties to  the  end  that  the  repair  order  when  written 
shall  give  the  shop  superintendent  very  definite  instruc- 
tions that  will  enable  him  to  perform  the  work  so  that  it 
will  be  exactly  what  the  customer  desires  to  have  done,  if 
that  is  possible. 

Handling  Work  in  the  Shop 

Our  repair  order,  a  copy  of  which  is  reproduced  in  Fig. 
8,  is  in  triplicate  form.  The  original  copy  remains  in 
the  order  office,  the  duplicate  is  given  to  the  customer 
and  the  triplicate  copy,  which  is  of  heavy  cardboard, 
follows  the  car  until  all  of  the  work  is  completed.  This 
order  contains  all  necessary  information  regarding  the 
customer;  such  as  his  name,  address  and  telephone  num- 
ber; the  type  of  car,  its  mileage,  factory  and  registra- 
tion numbers  and  anything  that  may  be  needed  for 
future  reference.  Certain  printed  notations  call  the  cus- 
tomer's attention  to  work  that  in  many  cases  might 
otherwise  be  forgotten.  The  customer,  of  course,  is  re- 
quired to  sign  this  order  upon  leaving  the  car.  When 
the  car  arrives  in  the  shop,  the  repair  order  is  time- 
stamped  on  the  back,  Fig.  9,  and  turned  over  to  the  shop 
superintendent.  Spaces  are  provided  for  signatures  of 
inspector  and  road-tester  and  the  man  who  delivers  the 
car.  When  the  work  is  completed  the  card  is  again  time- 
stamped  and  returned  to  the  billing  office  together  with 
time-slips  and  stock  requisitions  issued  against  the  par- 
ticular order,  in  order  that  the  job  may  be  billed  and 
ready  when  the  customer  calls.  Thus,  some  particular 
man  is  made  responsible  for  each  step  the  car  goes 
through,  from  the  moment  it  arrives  at  the  service- 
station  until  it  is  delivered  to  the  owner.  Under  no  con- 
ditions is  any  employe  permitted  to  make  any  misrepre- 
sentations to  the  customer  regarding  the  condition  of  his 
car  and  we  take  especial  care,  even  in  cases  where  an 
estimate  of  the  cost  is  not  requested,  that  the  customer 
be  given  at  least  a  general  idea  of  the  probable  expense 
involved.  We  endeavor  to  make  all  estimates  sufficiently 
high  so  that  we  shall  be  able  to  give  the  man  as  much  as 
or  more  than  we  promise  for  his  money.  Dissatisfied 
customers  and  long  overdue  accounts  often  are  directly 
traceable  to  neglect  on  the  part  of  a  service  department 


to  give  an  owner  full  information  regarding  this  point. 

It  is  very  important  that  all  work  be  thoroughly  gone 
over  by  a  well  trained  inspector,  in  addition  to  the  super- 
vision of  the  shop  foreman.  A  great  many  motor  cars 
are  not  performing  correctly  due  perhaps  to  the  need  of 
a  single  adjustment  that  an  experienced  trouble-man 
would  immediately  set  right.  A  road  test  is  included  in 
the  work  called  for  on  every  job  that  involves  any  change 
in  the  running-gear  or  in  the  engine.  Our  road  tester 
is  one  of  our  very  best  men.  To  discover  if  a  car's  per- 
formance is  up  to  average  it  is  necessary  to  adopt  some 
sort  of  a  standard  test  and  get  comparative  results.  Each 
car  that  is  road-tested  is  run  over  a  selected  road-test 
hill  and  its  performance  carefully  checked  up.  The  cars 
are  started  up  the  hill  at  5  m.p.h.  and  at  a  given  mark 
both  the  throttle  and  the  spark  are  advanced  fully.  A 
car  that  is  in  good  condition  will  take  this  load  smoothly 
and  slowly  accelerate.  Faulty  ignition  or  leaky  valves 
are  indicated  at  this  point  by  bucking  or  skipping.  Too 
great  a  spark-advance  or  a  carbon  deposit  is  noted  by 
clinking  or  knocking.  Poor  carburetion  due  to  faulty 
setting,  improper  float  level  or  a  clogged  line  immediately 
becomes  evident.  If  a  car  has  performed  well  up  the 
entire  hill  and  passes  a  mark  at  the  top  at  a  speed  of 
29  m.p.h.  for  heavy  closed  cars  or  33  m.p.h.  for  the  open 
models  it  is  pronounced  in  good  adjustment  so  far  as 
power  is  concerned.  If  its  performance  has  been  under 
the  average,  the  tester,  by  the  process  of  elimination  and 
by  repeated  runs  up  the  hill,  locates  the  trouble  and  makes 
the  adjustment  on  the  road.  If  the  trouble  is  such  that 
it  is  necessary  to  install  new  parts  or  to  do  costly  work 
not  called  for  on  the  repair  order,  the  inspector  writes 
a  full  account  of  his  recommendations  on  the  work  card. 
The  service  foreman  then  telephones  to  the  owner  for 
permission  to  do  the  work. 

The  upholstery  in  the  cars  is  examined  and  cleaned 
just  before  delivery  to  the  owner,  and  the  steering-wheel 
is  carefully  cleaned.  The  necessity  for  this  care  in  in- 
specting can  readily  be  seen  by  observing  the  owner 
who  drives  away  untroubled  and  the  one  who  is  bothered 
with  petty  annoyances.  Imagine  the  feelings  of  the 
owner  whose  gloves  are  spotted  with  grease  from  the 
steering-wheel  or  whose  car  behaves  better  in  some  re- 
spects and  worse  in  others.  Too  much  attention  cannot 
be  paid  to  the  inspection  department;  the  cost  will  be 
easily  returned  in  the  good-will  of  customers  who  be- 
come permanent  boosters. 

All  particular  customers  are  not  cranks.  It  is  an 
admirable  trait  in  a  man  to  have  a  great  pride  in  the 
ownership  of  a  fine  car  and  to  wish  to  keep  it  in  as  per- 
fect condition  as  possible.  He  is  well  justified  in  ob- 
jecting to  nicked  rims  and  scratched  paint  on  the  wheels 
due  to  careless  tire-changing.  He  is  not  at  all  unreason- 
able in  his  aversion  to  chewed-up  screw-heads  on  the 
battery  coyer,  or  plier  marks  on  the  windshield  adjusting 
nuts.  He  rightly  feels  that,  as  he  is  extremely  careful 
of  his  own  property,  there  is  no  reason  why  he  should 
pay  to  have  someone  else  mar  it.  We  have  one  owner 
who  comes  in  periodically  to  have  his  engine  cleaned. 
After  the  first  cleaning  job,  he  explained  rather  indig- 
nantly that  he  wanted  the  engine  to  look  as  nearly  like 
new  as  possible.  If  parts  had  to  be  removed  and  polished 
and  it  had  to  be  gone  over  with  a  small  brush  and  gaso- 
line, he  wanted  it  done,  as  cost  was  absolutely  no  object. 
He  has  since  paid  several  fairly  large  bills  for  this  kind 
of  work,  and  we  have  never  had  any  further  trouble 
with  him  in  this  connection.  He  was  simply  an  example 
of  the  customer  who  wants  things  done  in  absolutely 
A-l  shape  and  is  willing  to  pay  for  it. 
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Flat-Rate  System 

The  flat-rate  system  of  service  charges  is  becoming 
more  and  more  popular  with  owners  as  well  as  service- 
stations.  We  believe  that  eventually  practically  all  work 
will  be  reduced  to  this  basis.  Experience  and  careful 
cost  systems  will  consequently  reduce  all  operations  to 
a  basis  that  will  be  entirely  satisfactory  to  the  customer 
and  provide  a  reasonable  profit  to  the  service-station,  at 
the  same  time  making  business  relations  much  more 
agreeable  to  all  concerned. 

Our  flat  rates  were  established  only  after  a  careful 
analysis  of  very  many  jobs  covering  a  considerable  period 
of  time,  and  in  every  case  our  repair  order  shows  by 
whom  the  work  was  performed  and  the  exact  amount  of 
time  consumed.  We  are  thus  able  to  determine  which 
of  our  employes  is  most  efficient  in  any  particular  line 
of  work  and  compare  his  average  time  with  that  of  the 
others.  We  base  our  charges,  however,  on  the  average 
time  for  a  given  number  of  similar  jobs,  and  then  if  we 
are  able  by  consistently  using  certain  efficient  men  in 
any  particular  fine  to  reduce  this  time,  the  shop  receives 
the  benefit.  So  far  as  possible  we  endeavor  to  keep  each 
man  in  some  particular  line  of  work  as  he  rapidly  ac- 
quires a  degree  of  efficiency  that  he  could  not  otherwise 
attain.  We  allow  him  the  greatest  freedom  in  offering 
suggestions  as  to  methods  that  will  improve  the  quality 
of  his  work  as  well  as  the  speed  with  which  it  is  per- 
formed. We  endeavor  to  assist  him  so  far  as  possible 
with  the  best  of  equipment  and  special  tools,  making  a 
study  of  each  particular  operation  to  eliminate  all  un- 
necessary movements. 

For  instance,  the  adjusting  of  connecting-rod  bearings 
is  usually  a  rather  uncomfortable  and  slow  operation, 
but  by  applying  the  above-mentioned  methods  we  have 
been  able  to  cut  the  time  consumed  approximately  in 
half  and  at  the  same  time  turn  out  far  better  work. 
The  car  is  first  elevated  in  front  by  running  it  up  onto 
a  wedge-shaped  incline,  and  the  oil  drained.  The  re- 
moval of  the  oil  sump,  which  is  usually  a  rather  dirty 
job,  is  done  by  helpers  with  high-speed  wrenches,  and 
any  surplus  oil  removed  from  the  exposed  parts.  The 
man  who  actually  does  the  adjusting  is  one  thoroughly 
skilled  in  his  work  and  he  is  supplied  with  special  racks 
and  a  crate  in  which  he  has  every  tool  required  for  the 
operation  and  a  place  to  lay  all  the  parts  that  it  will 
be  necessary  to  remove  while  the  operation  is  being 
performed.  Thus,  when  he  once  takes  his  position  under 
the  car,  it  is  never  necessary  for  him  to  come  out  until 
the  work  is  completed.  We  find  that  with  this  compara- 
tively simple  equipment  the  men  rapidly  take  a  greater 
interest  in  their  work  and  in  the  speed  with  which  it 
can  be  performed.  But  in  no  case  do  we  ever  risk  quality 
for  speed.  This  same  procedure  has  been  carried  out  in 
connection  with  every  other  operation  on  which  we  could 
possibly  establish  a  flat  rate  and  has  proved  very  satis- 
factory and  profitable. 

Securing  Cost  Data 

In  addition  to  the  customary  time-clock  record,  our 
workmen  are  all  required  to  keep  a  day  card,  a  portion 
of  which  is  reproduced  in  Fig.  10,  on  which  they  record 
the  various  jobs  on  which  they  work  during  the  day, 
accounting  for  every  minute  of  their  time.  These  cards 
are  tabulated  each  day  by  one  man  whose  duty  it  is  to 
segregate  each  man's  time  into  the  proper  divisions, 
recording  it  under  the  following  17  headings  used  in  the 
distribution  of  all  labor: 

(1)  Productive  Labor 

(2)  New  Car 


No. 

Date 

MORN 

IN 

NOON 

OUT 

NOON 

IN 

Hours 

NAME 
Rate 

NIGHT 

OUT 

Amount 

Overtime     IN 

Form  K  14  952 

Overtim 

:  OUT 

ORDER  No. 

WHAT  ARE  YOU  DOING? 

CLOCK  RECORD 

Stop 

Start 

Stop 

Start 

Stop 

Start 

Stop 

Start 

Stop 

Fig.  10 — The  Workman's  Day  Card  on  Which  He  Keeps  a  Record 
of  the  Various  .1'>rs  Worked  on  during  the  Dat 

(3)  New-Car  Service 

(4)  Used   Car 

(5)  Used-Car  Service 

(6)  Shop  Labor 

(7)  Stock  Room 

(8)  Garage  Labor 

(9)  Lost  Time 

(10)  Guaranteed  Work 

(11)  Company  Business 

(12)  Chauffeur 

(13)  Maintenance  of  Building 

(14)  Maintenance  of  Demonstrating  Car 

(15)  Maintenance  of  Company  Car 

(16)  Maintenance  of  Official  Car 

(17)  Tractor  Department 

At  the  end  of  the  week  this  time  is  reduced  to  cost 
and  the  cost  classified  on  a  large  sheet  that  permits  us 
to  determine  at  a  glance  the  exact  cost  to  us  for  the  labor 
consumed  during  the  week  in  each  of  these  17  depart- 
ments. We  are  thus  in  a  position  to  check  up  very  closely 
on  what  is  going  on  in  our  service  department,  to  re- 
duce as  far  as  possible  our  non-productive  labor  and  to 
increase  the  efficiency  of  the  men.  By  the  use  of  these 
sheets  we  were  enabled  during  the  first  three  weeks  to 
increase  our  productive  labor  5y3  per  cent  and,  at  the 
same  time,  decrease  our  percentage  of  non-productive 
labor  5^3  per  cent.  We  are  hopeful  of  some  very  fine 
results  from  this  system  after  it  shall  have  been  in 
operation  a  greater  period  of  time.  This  system  is  kept 
so  accurately  that  the  accounting  department  can  use 
it  for  making  all  charges  to  the  new-car  department, 
used-car  department,  officials  and  other  accounts,  and 
from  it  we  obtain  an  absolute  record  of  each  man's  time 
during  the  week  and  get  very  valuable  information  re- 
garding the  efficiency  of  the  individual. 

The  time  is  coming  when  there  must  be  a  complete 
understanding  in  every  automobile  organization  between 
the  sales  and  the  service  departments.  The  salesman 
will  have  to  learn  some  of  the  elements  of  service;  what 
it  is,  what  the  service  department  is  capable  of  doing 
and  what  its  limitations  are.  The  salesman  will  not  be 
allowed  to  hide  behind  false  excuses  when  a  customer 
demands  that  a  verbal  contract  made  when  he  bought  the 
car  be  lived  up  to. 

There  shall  be  coordination  all  along  the  line  from  the 
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maker  to  the  helper  in  the  service-station.  We  have 
striking  examples  of  how  service  may  be  impaired 
through  lack  of  this  element  in  the  way  railroads  are 
operating  today  as  a  result  of  shopmen  leaving  their 
work,  or  not  doing  it  properly  when  the  men  are  dis- 
gruntled.    Transportation  broke  down. 

The  motor-car  industry  is  furnishing  a  means  of  trans- 
portation that  in  many  ways  is  supplanting  the  rail- 
roads. This  is  increasingly  evident  year  by  year.  The 
industry  has  grown  to  tremendous  proportions  because 
of  this  fact.     It  must  continue  to  grow.     But  it  cannot 


grow  adequately  if  there  is  any  impediment  in  its  path, 
and  the  one  big  impediment  that  could  stop  its  progress 
is  lack  of  service.  We  have  been  growing  too  fast  to 
realize  this  until  now.  It  is  time  we  faced  the  proposi- 
tion squarely.  Let  us  build  our  industry  upon  satis- 
factory service.  It  will  prove  a  foundation  that  will 
enable  us  to  reap  the  rewards  to  which  we  are  entitled 
for  furnishing  mankind  a  means  of  bridging  distance 
and  multiplying  the  value  of  his  waking  hours,  a  thing 
whose  worth  it  is  impossible  to  measure  in  dollars  and 
cents. 


Standardized  Mental  Test  in  Personnel 

Selection1 


By  Dr.  W.  V.  Bingham2 


A  ROUGH  measure  of  the  brightness,  or  mental  alertness, 
of  an  applicant,  by  a  standardized  mental  test,  has 
long  been  recognized  as  one  of  many  possible  sources  of 
information  for  use  in  personnel  selection.  Early  tentative 
attempts  to  use  this  test  technique  in  employment  procedure 
sometimes  met  with  anomalous  results  because  it  was  not 
recognized  that,  for  some  types  of  employment  at  least,  an 
applicant  may  be  too  intelligent. 

In  affiliation  with  the  Carnegie  Institute  of  Technology, 
Pittsburgh,  a  group  of  27  companies  of  national  scope  estab- 
lished, in  June,  1916,  the  Rureau  of  Salesmanship  Research, 
now  the  Rureau  of  Personnel  Research.  This  Rureau  was  to 
pool  the  experience  of  the  cooperators  to  evaluate  their  cur- 
rent procedures  and  to  devise  and  try-out  new  ways  of 
selecting  and  developing  salesmen.  The  first  year's  work, 
under  Walter  Dill  Scott,  was  issued  in  a  volume  of  Aids  in 
Selecting  Salesmen  that  included  an  improved  personal- 
history  record,  or  application  form,  a  model  letter  of  refer- 
ence to  former  employers,  a  guide  to  interviewing  that  helped 
the  interviewer  to  focus  his  attention  on  essential  traits 
and  to  record  his  judgments  quantitatively,3  and  a  set  of 
five  psychological  tests  with  full  directions  for  giving  and 
scoring. 

Among  these  tests  was  a  group  intelligence  examination, 
a  forerunner  of  Army  Alpha.  It  was  given  to  various  groups 
of  salesmen  and  sales  applicants,  and  their  scores  were 
checked  against  actual  success  as  measured  by  amount  of 
sales.  Among  the  men  so  examined  was  a  group  of  40  sales- 
men for  a  food  products  company.  To  the  dismay  of  the 
research  workers,  when  the  intelligence-test  scores  were 
compared  with  the  men's  sales-production  records,  the  corre- 
lation was  almost  zero.  This  appeared  to  be  a  severe  indict- 
ment of  the  test  as  a  measure  of  intelligence. 

Then  came  the  war,  and  with  it  a  vast  experience  in 
personnel  classification  and  intelligence  examining.  The 
psychological  tests  proved  their  worth  in  the  Army  as  in- 
dicators of  mental  alertness.  So  when  C.  S.  Yoakum,  with 
this  background  of  Army  experience,  in  1919,  assumed  direc- 
tion of  the  Rureau  of  Personnel  Research,  he  knew  that  the 
intelligence-test  methods  were  valid,  and  he  sought  another 
explanation  of  the  riddle  in  the  findings  of  191(3.  Taking 
the    same   data,   he    computed   the    correlation    between   test 


scores  and  length  of  experience  with  the  company.  The 
correlation  was  not  zero.  It  was  negative,  — 40.  The  brighter 
the  salesman,  the  quicker,  as  a  general  rule,  he  left  the 
employ  of  that  firm. 

Mr.  Yoakum  repeated  the  experiment  with  76  salesmen 
of  this  same  company,  using  the  best  available  adult  intelli- 
gence examination.  The  correlation  of  test  scores  and  length 
of  experience  was  46.  A  job  analysis  revealed  that  the 
work  was  largely  of  the  routine,  order-taking  sort.  The 
pay  was  not  large.  Chances  of  promotion  were  slight. 
Only  the  more  stolid  men  were  content  to  remain  long 
enough  to  get  valuable  expei-ience  and  build  up  a  creditable 
sales  record. 

Examining  the  intelligence  scores  again,  it  was  apparent 
that  there  is  an  upper  limit  as  well  as  an  anticipated  lower 
limit.  Within  this  range,  the  chances  are  large  that  an 
applicant  for  a  position  with  this  company  will  make  good. 
Relow  this  zone  he  will  probably  fail  for  lack  of  ability. 
Above  it,  the  probabilities  are  that  he  will  not  remain  long 
enough  to  learn  his  work  thoroughly  and  make  a  good  show- 
ing. The  psychological  test  had,  after  all,  been  a  valid 
measure  of  mental  alertness.  The  need  had  been  for  a  de- 
termination of  its  range  of  utility. 

This  range  varies  for  different  kinds  of  salesmen,  as  well 
as  for  different  occupations.  In  many  jobs  it  has  been  shown 
that  there  is  no  upper  limit  to  the  optimum  intelligence 
score;  but  studies  of  policemen,  salesmen  and  many  types 
of  opei'atives  and  clerical  workers,  where  the  task  is  essen- 
tially routine,  have  shown  how  necessary  it  is  to  keep  an 
eye  on  the  upper  as  well  as  the  lower  critical  score.  Re- 
search on  the  utility  of  psychological  methods  in  employ- 
ment and  placement  is  but  one  of  many  scientific  approaches 
to  problems  of  industrial  personnel.  Taken  as  a  whole,  the 
scientific  study  of  the  human  factor  may  prove  as  important 
to  the  next  era  of  industrial  progress  as  research  in  the 
physical    sciences   has    proved   hitherto. 


TRAFFIC 


'Issued  by  the  Engineering  Foundation. 

-  Director    of    cooperative    research,    Carnegie    Institute    of    Tech- 
nology, Pittsburgh. 

3  This  form  later  became  the  Scott  Rating  Scale  of  the  Army. 


A  SAVAGE  can  travel  after  a  fashion  in  a  jungle.  Civilized 
activity  is  too  complex  to  be  carried  on  without  smooth 
roads.  It  requires  signals  and  junction  points;  traffic  author- 
ities and  means  of  easy  and  rapid  transportation.  The  eter- 
nal dignity  of  labor  and  art  lies  in  their  effecting  that  perma- 
nent reshaping  of  environment  which  is  the  substantial  foun- 
dation of  future  security  and  progress. — John  Dewey. 
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Proper  Utilization  of  Natural  Gasoline 


By  Lloyd  F.  Bayer1 


Annual  Meeting  Paper 


THE  term  "natural  gasoline"  has  been  accepted  gen- 
erally by  the  petroleum  industry  as  applying  to 
the  gasoline  product  extracted  by  any  process  from 
natural  gas.  Two  processes  are  in  use.  The  older  one 
is  the  compression  process  applied  to  casinghead  gas, 
which  is  produced  from  the  oil-bearing  sands  of  oil 
wells  and  carries  vapors  from  the  oil  with  which  it  has 
been  in  contact.  This  process  of  subjecting  the  rela- 
tively rich  gas  to  a  high  pressure  and  then  cooling  it 
to  or  below  atmospheric  pressure,  results  in  the  direct 
condensation  of  gasoline  which  is  weathered  later  to 
remove  the  "wild"  unusable  vapors. 

The  later  method  is  the  absorption  process  in  which 
the  gas  is  brought  into  contact  with  a  heavy  oil,  orig- 
inally of  no  gasoline-content,  which  absorbs  the  gaso- 
line. The  enriched  oil  is  then  heated  to  distill-off  the 
gasoline,  and  these  two  operations  of  absorption  and 
distillation  are  repeated  continuously  within  a  closed 
system. 

The  author  discusses  the  proper  usage  of  natural 
gasoline  in  blended  fuels  as  determined  by  a  lengthy 
series  of  tests. 

THE  problem  of  securing  the  largest  possible  sup- 
ply of  the  best  possible  motor-fuel  is  before  the 
petroleum  industry.  It  is  a  problem  so  inti- 
mately connected  with  the  problems  of  automotive  power 
and  engine  design  that  it  can  be  said  to  be  a  joint  prob- 
lem with  the  automotive  industry.  Certainly  the  petro- 
leum industry  cannot  expect  to  supply  motor-fuel,  in  the 
quantity  production  that  it  is  being  called  upon  for, 
without  due  regard  for  the  problems  of  fuel  economy 
and  life  of  the  engine.  On  the  other  hand,  the  automo- 
tive industry  cannot  say,  without  regard  for  the  element 
of  quantity  production,  that  it  must  be  supplied  with  a 
fuel  uniform  in  quality  and  having  none  of  the,  from  its 
standpoint,  objectionable  properties  that  have  character- 
ized some  of  the  motor-fuel  of  the  past  few  years.  This 
fuel  has  been  put  out  by  the  petroleum  industry  in  its 
effort  to  meet  the  constantly  increasing  quantity  demand. 
A  medium  quality  will  prevail  between  the  present  so- 
called  superior  and  inferior  grades  now  being  manu- 
factured, with  the  ever-increasing  necessity  of  decreas- 
ing the  quality  to  increase  the  quantity.  With  both  in- 
dustries coordinating  their  efforts,  that  is,  by  each  work- 
ing with  a  knowledge  of  the  other's  problems,  a  happy 
medium  can  be  reached;  otherwise,  at  least,  it  will  be 
an  unhappy  medium  for  one  of  the  industries,  and  surely 
for  the  consumer. 

Natural  gasoline  is  destined  to  play  an  important  part 
in  the  solution  of  this  problem.  As  to  a  definition  of  this 
product,  following  the  organization  of  the  Association 
of  Natural  Gasoline  Manufacturers,  in  the  Middle  West, 
the  term  "natural  gasoline"  was  adopted  by  it  and  has 
since  been  accepted  generally  by  the  petroleum  industry 
to  apply  to  the  gasoline  product,  extracted  by  any  process, 
from  natural  gas. 

"Natural  Gasoline"  Processes 

In  general,  without  taking  account  of  the  myriad  of 
varying  details,  two  processes  are  in  use.  The  older 
one  is  the  compression  process  applied  to  casinghead  gas, 
that  is  produced  from  the  oil-bearing  sands  of  oil  wells 
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and  that  carries  gasoline  vapors  from  the  oil  with  which 
it  has  been  in  contact,  thus  giving  rise  to  the  term  "cas- 
inghead gasoline."  This  process  of  subjecting  the  rela- 
tively rich  gas  to  a  high  pressure  and  subsequently 
cooling  it  to  or  below  atmospheric  temperature,  results 
in  the  direct  condensation  of  gasoline  that  is  weathered 
later  to  remove  the  "wild"  unusual  vapors.  The  later 
method  is  the  absorption  process  in  which  the  gas  is 
brought  into  contact  with  a  heavy  oil,  originally  of  no 
gasoline-content,  that  absorbs  the  gasoline.  The  en- 
riched oil  is  then  heated  to  distill  off  the  gasoline.  These 
two  operations  of  absorption  and  distillation  are  re- 
peated continuously  within  a  closed  system.  This  process 
was  first  applied  to  the  natural  gas  transported  through 
pipe-lines  for  commercial  and  domestic  use.  This  gas 
was  very  lean  in  gasoline  content.  The  process  has  since 
been  developed  to  the  point  where  it  is  now  rapidly  dis- 
placing the  compression  method  for  all  kinds  of  both 
lean  and  rich  gas. 

With  the  production  of  automobiles  and  the  consump- 
tion of  gasoline  mounting  at  a  rapid  rate,  and  our  domes- 
tice  sources  of  crude  oil  being  increasingly  drawn  upon, 
the  necessity  is  apparent  for  obtaining  more  gallons 
of  gasoline  from  each  barrel  of  crude  oil  produced.  The 
refiner  and  his  staff  of  experts  are  constantly  devising 
and  perfecting  means  of  making  more  gasoline  from  the 
crude  oil.  They  are  accomplishing  this,  first,  by  a  sharper 
separation  of  the  fractions  cut  from  the  crude;  second, 
by  the  installation  and  operation  of  cracking  processes 
designed  to  convert  substantial  proportions  of  gas  oil, 
fuel  oil,  or  heavy  distillate,  to  gasoline  similar  in  general 
characteristics  to  that  produced  directly  by  distillation; 
and,  third,  by  the  use  of  natural  gasoline,  to  render  suf- 
ficiently volatile  for  satisfactory  gasoline  certain  frac- 
tions of  the  crude  that,  of  themselves,  would  not  meet 
the  requirements  of  an  acceptable  grade  of  motor-fuel. 

It  is  to  this  third  phase  that  I  direct  attention,  de- 
veloping the  subject  less  from  the  refiners'  and  natural 
gasoline  manufacturers'  point  of  view  than  from  that 
of  the  automotive  engineer  and  the  automobile  user. 
The  interests  of  the  consuming  public  in  utilizing  natural 
gasoline  can  be  served  best  by  using  a  relatively  uniform 
percentage  of  this  product  in  all  the  motor-fuel  consumed 
during  a  given  season  of  the  year,  and  varying  this  per- 
centage to  meet  the  varying  demands  of  the  different 
seasons.  This  is,  of  course,  a  general  statement.  The 
required  percentage  is  subject  to  variation  due  to  the 
inherent  characteristics  of  the  gasoline  cut  from  the 
crude  oils  and  to  varying  climatic  requirements  of  dif- 
ferent sections  of  the  country. 

Usage   of   Natural  Gasoline 

With  all  motor-fuels,  particularly  those  of  higher  end- 
points,  it  is  desirable  to  increase  the  percentage  of  nat- 
ural gasoline  used  in  the  winter  over  that  used  in  the 
summer  to  assure  the  greater  volatility  necessary.  Al- 
though the  consumption  of  gasoline  is  considerably  less 
in  the  winter  than  in  the  summer,  and  the  production 
of  natural  gasoline  slightly  greater  in  the  winter,  it  is 
both  practicable  and  desirable  from  the  point  of  view 
of  the  gasoline  manufacturer,  the  refiner  and  the  con- 
sumer, that  the  percentage  of  natural  gasoline  in  motor- 
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fuel  be  increased  sufficiently  during  cold  weather  to 
utilize  currently  the  production  of  natural  gasoline. 

It  is  peculiarly  fortunate  that  approximately  the  same 
ratio  exists  between  the  available  amount  of  natural 
gasoline  and  the  total  production  of  motor-fuel,  as  ex- 
ists between  the  proportion  of  natural  gasoline  that 
should  be  used  in  this  motor-fuel  if  the  most  satisfac- 
tory quality  is  to  be  obtained.  In  other  words,  the  pro- 
duction of  natural  gasoline  is  close  to  10  per  cent  of 
the  total  gasoline  production,  while  10  per  cent  is  a  very 
satisfactory  proportion  in  which  to  use  natural  gasoline 
with  the  average  motor-fuel  to  give  that  motor-fuel  the 
desired  quality  characteristics.  When  accurate  figures 
are  available,  the  percentage  of  production  for  1922  un- 
doubtedly will  be  found  to  exceed  this,  due,  largely,  to 
a  great  increase  in  its  production  in  Texas.  As  the 
natural-gasoline  possibilities  of  the  existing  oil-fields 
are  now  very  largely  developed,  increased  production  will 
come  almost  entirely  with  an  increased  crude-oil  pro- 
duction. A  great  increase  in  the  percentage  of  natural 
gasoline  available,  compared  to  the  total  gasoline  pro- 
duction, is  therefore  not  to  be  expected. 

The  figure  of  10  per  cent  given  as  the  proper  propor- 
tion in  which  to  mix  natural  gasoline  with  motor-fuel 
is  indicated  by  a  large  number  of  tests  that  have  been 
made,  but  this  percentage  should  be  taken  as  a  minimum 
rather  than  a  maximum.  As  high  as  20  per  cent  fre- 
quently is  desirable.  Thus  it  is  seen  that  the  problem 
becomes  one  of  uniform  distribution  of  the  natural  gaso- 
line available,  to  the  end  that  all  motor-fuel  consumed 
shall  carry  its  most  desirable  proportion,  and  no  motor- 
fuel  be  produced  with  an  excessive  proportion  of  it. 

The  use  of  natural  gasoline  in  the  past  has  been  at- 
tended with  varying  success,  depending  altogether  upon 
the  experience  and  intelligence,  or  the  lack  of  it,  that 
has  been  displayed  in  combining  it  with  other  products 
to  form  the  finished  motor-fuel.  Many  arduous  and 
expensive  investigations  have  been  conducted,  in  both 
the  laboratory  and  the  practical  operation  of  engines, 
to  determine  the  best  possible  proportions  and  combina- 
tions to  secure  an  altogether  desirable  product.  It  is 
to  the  facts  thus  obtained  that  I  wish  to  direct  attention. 

Blended  Fuels 

Prior  to  the  acquisition  of  the  present  knowledge  of 
this  subject,  natural  gasoline  was  so  commonly  on  the 
market  in  the  form  of  blends  improperly  made  as  to  place 
all  natural  gasoline  in  disrepute  and  to  foster  strong 
prejudices,  the  overcoming  of  which  has  required  con- 
siderable time  and  a  practical  demonstration  of  the  good 
results  to  be  obtained  by  proper  methods.  The  unsatis- 
factory types  of  blend  referred  to  were  unfitted  for  use 
as  motor-fuel  for  one  or  more  of  the  following  reasons : 
first,  some  of  them  used  kerosene  as  a  blending  base; 
second,  too  great  a  percentage  of  natural  gasoline  was 
blended  with  a  heavy  naphtha ;  third,  natural  gasoline 
of  too  high  volatility  was  used. 

In  the  first  case,  it  was  attempted  to  blend  two  en- 
tirely dissimilar  products,  the  boiling-point  range  of  one 
of  which  was  entirely  beyond  that  of  the  other.  It  also 
utilized  kerosene,  which  the  carbureter  was  not  designed 
to  vaporize  and  which,  when  finally  introduced  into  the 
cylinder  in  a  partially  vaporized  state,  caused  crankcase 
dilution  and  excessive  knocking.  The  second  and  third 
practices  resulted  in  the  same  trouble  due  to  too  great 
volatility;  they  caused  an  excessive  evaporation-loss,  gas 
binding  in  the  gasoline  feed-system,  and  an  uneven  opera- 
tion and  a  loss  of  power  when  the  engine  was  thoroughly 
heated-up. 


The  Association  of  Natural  Gasoline  Manufacturers 
is  bending  every  effort  to  eliminate  the  types  of  blend 
that  are  objectionable,  and  to  produce  only  blends  that 
are  satisfactory.  It  has  issued  and  lately  has  revised 
standard  specifications  for  blends  of  the  several  com- 
mercial grades.  It  has  also  formulated  standard  speci- 
fications for  natural  gasoline  in  its  unblended  state,  so 
that  the  refiner  can  demand  and  receive  the  product 
suited  to  his  needs. 

Results  of  Tests 

Evaporation  tests  conducted  through  every  month  of 
the  year  by  a  large  refinery  indicated  that  the  evapora- 
tion loss  on  a  blended  gasoline  containing  10  per  cent  of 
natural  gasoline  combined  with  90  per  cent  of  refinery 
gasoline  slightly  deficient  in  volatility,  was  no  greater 
than  the  loss  on  a  refinery  gasoline  of  the  same  charac- 
teristics as  the  blended  gasoline.  With  an  increase  in 
the  natural-gasoline  content  to  15  per  cent,  the  evapora- 
tion loss  was  very  slightly  greater  than  in  the  case  of 
the  refinery  gasoline;  but  there  was  a  compensating  ad- 
vantage in  the  volatility  characteristics  of  the  gasoline. 

A  long  series  of  dynamometer  tests  conducted  at  full 
and  one-half  throttle  over  the  entire  speed-range  from 
400  to  1600  r.p.m.  proved  that  the  addition  of  15  per 
cent  of  natural  gasoline  to  a  good  commercial  gasoline 
increased  the  brake  horsepower  developed  and  decreased 
the  pounds  of  fuel  consumed  per  horsepower-hour.  The 
basic  gasoline  used  was  equal  or  better  than  the  average 
gasoline  sold  along  the  Atlantic  seaboard,  having  an  end- 
point  of  405  deg.  fahr.  The  starting  and  accelerating 
characteristics  were  improved  with  each  additional  per 
cent  of  natural  gasoline  used  and,  although  the  improve- 
ments were  very  marked  at  10  per  cent,  they  did  not 
reach  the  maximum  increase  in  brake  horsepower  and 
fuel  economy  until  there  was  a  mixture  with  15  per  cent 
of  natural  gasoline.  This  means  that  the  motorist  who 
uses  the  fuel  containing  from  10  to  15  per  cent  of  natural 
gasoline  obtains  more  power  at  the  same  carbureter- 
setting  or,  by  adjusting  his  carbureter,  he  can  decrease 
the  fuel-consumption.  With  either  result  he  also  enjoys 
much  improved  starting  and  accelerating  effects. 

A  number  of  well  known  investigators  have  come  to 
the  conclusion  that  the  temperature  at  which  85  per  cent 
of  the  gasoline  distills  off  in  a  standard  distillation-test 
is  of  more  importance  than  the  end-point,  and  measures 
more  nearly  whether  the  gasoline  will  be  vaporized  com- 
pletely in  the  engine  after  it  is  warmed-up.  This  point 
is  fixed  by  the  percentage  of  heavier  constituents  in  the 
product  and  is  controlled  by  the  process  used  in  the 
original  separation  from  the  crude,  by  either  low  or  high- 
pressure  distillation.  In  many  instances  the  fractions 
cut  that  would  be  satisfactory,  so  far  as  either  the  85 
per  cent  point  or  the  final  end-point  is  concerned,  do 
not  make  good  motor-fuels,  due  to  a  deficiency  in  the  light 
ends  that  are  necessary  for  quick  starting  and  snappy 
acceleration  when  more  power  is  called  for.  Therefore, 
to  obtain  a  good  fuel,  it  is  necessary  either  to  sacrifice 
the  yield  materially  or  to  add  the  proper  volatile  con- 
stituents. 

Proper  Blends  of  Fuel 

The  sacrifice  of  yield  is  no  more  desirable  to  the  con- 
sumer than  to  the  refiner,  for  such  a  policy  generally  car- 
ried out  cannot  but  result  in  higher  prices  due  to  the 
natural  law  of  supply  and  demand.  However,  by  adding 
10  per  cent  of  natural  gasoline,  the  initial  boiling-point 
can  be  lowered  from  say  15  to  25  deg.  fahr.,  and  the 
percentage  distilled  at  212  deg.  fahr.  can  be  increased 
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by  from  6  to  9  per  cent.  Thus,  a  gasoline1  that,  un- 
blended, would  have  an  initial  distillation  temperature 
of  130  deg.  fahr.  and  18  per  cent  distilled  off  at  212  deg. 
fahr.,  would  be  improved  with  10  per  cent  of  natural 
gasoline  to  have  an  initial  distillation-temperature  of 
approximately  110  to  115  deg.  fahr.  and  the  percentage 
distilled  at  212  deg.  fahr.  increased  to  25  or  26  per  cent. 
From  all  points  of  view,  this  would  be  a  very  much  more 
desirable  gasoline.  If  15  per  cent  of  natural  gasoline 
is  used,  the  initial  boiling-point  can  be  lowered  20  to  30 
deg.  fahr.,  and  the  percentage  at  212  deg.  fahr.  can  be 
increased  by  from  10  to  12  per  cent.  Thus,  the  same 
unblended  gasoline  mentioned  just  previously,  combined 
with  15  per  cent  of  raw,  would  produce  a  finished  motor- 
filel  having  approximately  an  initial  boiling-point  of  105 
to  110  deg.  fahr.,  and  from  28  to  30  per  cent  distilled  at 
212  deg.  fahr.  Thus,  the  refiner  can  make  his  cuts  to 
produce  a  product  with  the  85  per  cent  and  the  final 
points  desired,  and  then  increase  the  volatility  of  this 
product  with  the  proper  proportion  of  natural  gasoline, 
thereby  increasing  his  total  yield  of  motor-fuel  from 
the  crude. 

This  improvement  in  quality  by  the  addition  of  natural 
gasoline  in  high-grade  motor-fuels  is  even  more  notice- 
able in  the  case  of  fuels  of  high  end-point  but  still  well 
within  the  range  of  commercial  utilization.  The  results 
so  far  obtained  by  the  joint  tests  being  conducted  at 
the  City  of  Washington  by  the  Bureau  of  Standards 
and  the  Society  of  Automotive  Engineers  indicate  that 
a  motor-fuel  with  an  end-point  of  465  deg.  fahr.  is  as 
satisfactory,  so  far  as  mileage  is  concerned,  as  fuel 
with  approximately  a  405-deg.  fahr.  end-point.  These 
are  the  results  only  of  the  summer  series  of  tests,  and 
the  only  appreciable  disadvantage  noted  is  the  increase 
in  the  crankcase  dilution.  So  far  as  we  know,  it  has 
not  been  determined  whether  the  dilution  noted  was  suf- 
ficient to  be  detrimental.  The  fuel  so  used  did  not  con- 
tain natural  gasoline,  at  least  not  in  a  known  or  an  ap- 
preciable percentage,  and  it  has  been  requested  that  simi- 
lar tests  be  conducted  using  fuel  blended  with  a  suitable 
proportion   of   natural   gasoline. 

Advantages  of  Natural-Gasoline  Blends. 

It  undoubtedly  is  true  that  the  principal  cause  of 
crankcase  dilution  is  the  excessive  use  of  the  choke  re- 
quired in  starting  on  fuels  not  sufficiently  volatile.     In 


such  cases  a  large  quantity  of  gasoline,  almost  wholly 
in  liquid  form,  must  be  drawn  into  the  cold  engine  to 
obtain  sufficient  easily  vaporizable  gasoline  to  produce  an 
explosive  mixture.  The  large  portion  of  the  gasoline 
that  is  not  vaporized  drains  past  the  piston-rings,  de- 
stroying the  piston  seal,  and  enters  the  lubricating  oil 
in  the  crankcase,  greatly  diminishing  its  viscosity  and 
reducing  its  lubricating  value.  With  the  proper  propor- 
tion of  natural  gasoline,  sufficient  volatile  fractions  are 
present  to  form  an  explosive  mixture  without  drawing 
these  large  volumes  of  fuel  through  the  engine.  After 
the  engine  is  warmed-up  and  under  way,  the  additional 
volatility  assists  in  more  complete  vaporization,  and  the 
complete  combustion  of  the  gasoline  greatly  reduces  the 
possibility  of  dilution. 

The  action  of  an  engine  using  a  fuel  of  437  or  450- 
deg.  fahr.  end-point  is  improved  greatly  when  that  fuel 
is  blended  with  natural  gasoline.  The  acceleration  from 
low  to  high  speed  is  rapid  instead  of  sluggish.  The 
fuel-consumption  with  the  blended  gasoline  is  lower  in 
such  accelerations  tests,  because  it  takes  so  much  less 
time  under  open  throttle  to  reach  the  desired  speed. 

Because  of  the  economic  factors  involved,  the  trend 
seems  to  be  toward  fuels  containing  a  greater  percentage 
of  the  heavier  ends  and  therefore  of  higher  end-point. 
By  combining  with  this  fuel  a  proper  percentage  of 
natural  gasoline  to  introduce  the  necessary  readily  vola- 
tile constituents,  a  motor-fuel  of  relatively  higher  end- 
point  can  be  utilized  with  the  same  satisfaction  as  that 
secured  from  gasolines  of  much  lower  end-points.  This 
will  increase  the  available  supply  of  gasoline  from  a 
given  production  of  crude  oil,  and  will  benefit  the  con- 
sumer directly.  When  this  stage  is  reached,  generally, 
it  is  yery  doubtful  whether  the  development  of  a  kero- 
sene carbureter  will  be  required,  as,  by  that  time,  the 
increased  yield  of  gasoline  will  have  reduced  the  kero- 
sene yield  to  a  point  where  it  probably  will  meet  only 
the  regular  demands  for  heat  and  illumination. 

The  conclusion  that  I  wish  to  emphasize  is  that, 
through  the  uniform  distribution  of  the  available  sup- 
plies of  natural  gasoline,  so  that  substantially  all  motor- 
fuels  'will  carry  their  due  proportion  of  it,  an  increased 
quantity  of  motor-fuel  of  increased  quality  will  result. 
This  is  a  result  devoutly  to  be  sought  by  the  petroleum 
industry,  the  automotive  industry  and  the  consuming 
public. 


TERRAIN  FOR  GLIDER  CONTESTS 


ALONG  ridge  is  preferred  rather  than  a  detached  shaped 
hill.  The  slope  must  face  the  direction  of  the  prevailing 
wind  and  should  be  reasonably  uniform  and  of  proper  mag- 
nitude. The  slope  should  be  approximately  1  in  4  near  the 
top  of  the  hill,  decreasing  to  1  in  6  or  8  a  short  distance 
below  the  top.  A  constant  degree  of  slope,  however,  would 
be  satisfactory,  even  if  it  be  nowhere  in  excess  of  1  in  6. 
The  hill  should  not  be  conical,  but  have  a  side  broad  and 
flat  or  somewhat  concave  in  form  as  viewed  from  above. 
An  ideal  condition  is  a  sloping  valley  facing  the  prevailing 
wind,  wide  and  open  at  one  end  and  contracting  gradually 
between  two  ranges  of  hills  until  finally  completely  closed- 
off  at  the  other  end  by  the  hill  from  which  the  flights  would 
be  started.  Such  a  valley  would,  however,  not  only  have  to 
face  the  prevailing  wind  but  no  gliding  could  be  done  with 
any  wind  from  any  other  direction.  An  open  range  of  hills 
would  have  the  very  marked  advantage  of  allowing  a  certain 


amount  of  deviation  in  the  direction  from  which  the  wind 
blows. 

A  total  drop  of  1000  ft.  from  the  hill  to  the  plain  below  is 
highly  desirable.  A  height  of  100  ft.  is  the  least  that  could 
be  considered.  The  nearer  the  base  of  the  hill  approaches 
absolute  sea-level  height,  the  better.  The  surface  must  be 
smooth  and  as  free  as  possible  from  trees,  shrubbery,  tele- 
phone wires  or  other  obstructions. 

Preferred  locations  are  in  parts  of  the  country  where  the 
required  velocity  of  wind  during  the  hours  that  the  con- 
test is  to  take  place  occurs  at  not  infrequent  intervals;  a  mere 
daily  average  is  not  sufficient.  The  wind  should  be  of  more 
than  15-m.p.h.  velocity,  and  preferably  20  or  25  m.p.h.  con- 
tinuously for  hours  at  a  time.  The  hill  should  be  accessible 
by  good  roads  and  car-lines  for  the  benefit  of  spectators  and 
contestants. — Communicated  by  National  Aeronautic  Asso- 
ciation. 
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ALTHOUGH  waterproof  protective  material  has 
been  in  use  for  many  centuries,  particularly  in  the 
Far  East,  its  manufacture  in  this  Country  was  not 
begun  until  about  1850,  and  not  until  the  arrival  of 
the  motor  car  did  the  demand  for  so-called  leather- 
cloth  cause  its  production  to  take  a  jump.  This  demand 
has  increased  until  in  1922  the  record-breaking  quan- 
tity of  50,000,000  sq.  yd.  was  consumed.  The  growing 
popularity  of  closed  bodies  has  produced  a  correspond- 
ing call  for  leather-cloth  and  the  importance  of  classi- 
fying and  of  embodying  standard  tests  in  the  specifi- 
cations for  it  is  receiving  close  attention. 

With  the  view  to  assisting  in  the  establishment  of 
uniform  tests  for  the  various  qualities  that  are  desir- 
able in  high-grade  leather-cloth,  the  tests  in  use  by 
one  of  the  largest  manufacturers  are  described,  and 
suggested  specifications  for  top  material,  upholstery 
and  special  body  leather  are  given.  Particular  re- 
quirements will  determine  the  desirability  of  muslin, 
drill,  twill,  sateen,  moleskin  or  duck,  and  the  suita- 
bility of  each  is  judged  by  the  weave,  construction, 
thread-count,  weight  and  the  like.  Among  the  quali- 
ties that  can  be  determined  by  tests,  directions  for 
which  are  given,  are  resistance  to  wear;  tensile 
strength;  bonding-strength;  resistance  to  stretch  and 
puncture;  thickness;  toughness  and  adhesion  of  coat- 
ing; resistance  to  water,  shrinkage,  fire  and  heat; 
cleansability  and  resistance  to  gasoline  and  the  effect 
of  aging. 

FOR  many  thousands  of  years  man  has  found  various 
means  for  protecting  himself  against  the  elements. 
From  the  time  of  the  earliest  Egyptian  and  East 
Indian  potentates  with  their  gorgeous  silk  canopies  to 
that  of  the  present-day  man  who  rides  in  his  own  motor- 
car, weather  protective  mediums  have  been  in  use.  In 
the  Orient  the  Chinese  and  the  Japanese  in  particular 
provided  themselves  with  waterproof  cloths,  silks  and 
papers,  which  for  many  centuries  have  been  manufac- 
tured largely  by  hand.  They  are  now  calling  on  the 
United  States  to  supply  them  with  a  black  leather-cloth 
for  the  collapsible  tops  used  on  the  man-drawn  two-wheel 
rickshaw,  as  well  as  for  a  small  output  of  automobile 
bodies. 

The  first  leather-cloth  of  any  value  was  manufactured 
in  England  early  in  1800  and  was  used  principally  for 
the  hoods  of  perambulators,  as  it  is  used  today.  Leather- 
cloth  was  first  manufactured  in  this  Country  about  1850. 
In  the  early  stages  of  its  development  a  few  hundred 
yards  a  day  was  considered  a  big  production,  while  today 
it  is  made  at  the  rate  of  millions  of  yards  a  year  for  the 
automobile  industry  alone. 

Several  well-known  automobile  companies  20  years  ago 
were  building  fine  carriages,  coaches  and  buggies,  on 
which  leather-cloth  was  used  for  tops,  curtains,  up- 
holstery, storm-aprons  and  dashboards.  The  material 
was   designed  and  constructed   for  special  purposes   at 
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that  time  as  it  is  today.  With  the  first  commercial  pro- 
duction of  motor  cars  early  in  1900,  the  problem  of 
weather  protection  came  up  for  consideration  and, 
naturally,  the  leather-cloth  products  that  had  proved  so 
satisfactory  for  carriages  were  adapted  to  the  early  auto- 
mobile; grandfather's  buggy-top  was  becoming  the  one- 
man  collapsible  top.  Some  of  you  remember  the  carriages 
made  with  a  dashboard  and  whip-socket  of  leather-cloth 
with  patent-leather  finish.  As  the  automotive  industry 
through  the  various  stages  of  its  development  grew  in 
both  volume  of  production  and  quality  refinements,  so 
with  it  grew  the  volume  of  production  and  quality  refine- 
ments of  leather-cloth. 

Present  State  of  Development 

The  automobile  industry  in  1922  produced  over  2,500,- 
000  passenger  and  commercial  cars  including  motor 
trucks  and  consumed  approximately  50,000,000  yd.  of 
leather-cloth  of  various  qualities  for  approximately  20 
separate  and  distinct  uses  in  constructing  and  equipping 
motor-car  bodies.  A  few  of  these  uses  are  one-man 
collapsible  tops,  curtains,  upholstery,  linings,  gimps, 
welting,  trunk-covers  and  lining,  mud-flaps,  spring-covers, 
covers  and  curtains  of  truck  cabs  and  the  like. 

In  the  last  few  years  the  patent-leather  finish  has  been 
used  largely  in  the  construction  of  closed-car  bodies. 
This  retains  all  the  good  features  of  a  metal-covered  body 
with  its  full  curved  contour,  and  overcomes  many  of  its 
disadvantages,  not  the  least  of  which  is  the  initial  cost 
of  working  and  finishing.  You  probably  all  have  had 
patent-leather  shoes  forced  upon  you  on  some  occasion 
and  have  noted  their  remarkable  resistance  to  scratch- 
ing. The  non-scratchable  quality  of  patent-leather 
finishes  has  many  advantages  over  painted  and  varnished 
steel  surfaces  in  body-construction. 

Let  us  leave  for  a  moment  the  possibilities  of  these 
new  applications  of  leather-cloth  to  closed-car  construc- 
tion and  consider  its  relative  importance  in  the  construc- 
tion of  bodies  and  tops  for  open  models.  Nothing  can 
detract  from  the  beautiful  lustrous  finish  of  car  bodies 
more  than  a  shabby,  baggy,  faded  and  dead-dull  col- 
lapsible top.  The  top  may  have  looked  well  when  it  was 
shipped ;  possibly  it  had  a  short  life  under  weather  condi- 
tions. Many  of  you  probably  have  scratched  your  heads 
after  a  final  look  at  your  new  model  just  out  of  the 
finishing  department  and  wondered,  "How  will  it  look  6 
months  from  now?"  We  all  like  to  impress  our  friends 
and  neighbors  with  our  good  judgment  in  buying  a  car. 
Our  reputation  as  good  purchasers  depends,  however, 
not  only  on  the  original  lustrous  appearance  of  our  cars 
as  we  drive  up  in  front  of  our  homes  on  a  fine  April 
morning,  but  rather  more  on  their  ability  to  retain  ap- 
parent newness  through  the  biting  sun  and  dust  of  July 
and  August,  the  snow,  sleet  and  cold  of  the  winter 
months,  the  high  winds  and  driving  rains  of  March,  and 
in  certain  localities,  the  effects  of  alkali  sand  and  mud. 
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Many  no  doubt  have  watched  a  string  of  cars  being 
driven  up  the  main  thoroughfare  of  a  large  city  and 
noted  the  dead-dull  appearance  of  many  of  the  tops  of 
the  cars,  obviously  only  a  few  months  old.  You  may  be 
assured  by  this  sign  that  a  disintegrating  process  has 
set  in  and  that  the  material  has  begun  to  fail.  When 
this  condition  is  noticed  by  the  owner  and  his  friends, 
it  is  a  subject  for  unfriendly  comment  that  in  no  way 
satisfies  his  pride  in  his  choice. 

Standardization  of  Leather-Cloth 

The  enormous  growth  of  the  application  of  leather- 
cloth  to  motor-car  bodies  makes  it  prominent  among 
materials,  the  requirements  for  which  are  being  daily 
studied,  specified  and  tested.  The  Society  has  made  re- 
markable strides  in  standardizing  automotive  parts  and 
material,  having  covered  some  250  items  since  the  in- 
ception of  its  Standards  Committee  in  1910.  In  carrying 
out  this  commendable  program  of  standardizing,  specify- 
ing and  testing  material  you  have  established  within 
your  plants  well-equipped  chemical  and  physical  labora- 
tories for  scientifically  testing  the  materials  that  enter 
into  motor-car  construction.  Would  it  not  be  logical  to 
adopt  uniform,  scientific  tests  and  to  specify  them  for 
the  leather-substitute  products  that  add  so  much  to  the 
original  appearance  of  the  car  and  the  continued  satis- 
faction of  the  owner?  There  are  very  many  makes  of 
leather  substitute  on  the  market  to  choose  from,  none  of 
which  may  be  perfect.  You  can  figure  their  comparative 
prices  but  not  always  their  original  qualities  or  their 
life,  durability  and  service,  nor  can  you  match  all  the 
various  quality  characteristics  one  against  the  other, 
judging  which  products  possess  that  proper  balance  of 
qualities  that  will  best  meet  your  requirements.  A 
properly  standardized  test  would  place  you  in  a  position 
to  distinguish  the  advantages  and  measure  numerically 
the  more  important  quality  characteristics  of  any  leather 
substitute. 

Leather-cloths,  of  single  or  double  texture,  can  be 
segregated,  clearly  defined  and  recognized  under  certain 
general  classes,  that  depend  upon  the  purposes  for  which 
each  is  to  be  used.  The  construction  of  the  cloth  used  as 
a  foundation,  the  dyeing  and  the  coatings  applied,  all 
have  a  bearing  on  successful  utilization.  Selecting  a 
suitable  leather-cloth  is  almost  as  difficult  as  making 
it.  As  users  you  are  interested  first  in  the  quality  and 
secondly  in  the  price;  on  account  of  the  small  yardage 
used  on  each  car  the  price  is  of  less  importance.  The 
two  leading  attributes  are  likely  to  be  durability  and 
appearance.  In  attaining  these  the  responsibility  of  the 
maker  is  as  great  as  that  of  the  user.  Each  should  have 
a  scientific  method  of  testing  the  products,  for  many 
instances  have  occurred  in  which  on  account  of  the  lack 
of  a  proper  test  good  products  have  failed  of  acceptance ; 
and  by  the  same  token  a  few  poor  products  have  been 
adopted  temporarily,  usually  to  the  ultimate  loss  of  the 
user. 

I  shall  show,  with  the  aid  of  a  few  views  and  charts, 
how  testing  equipment  can  be  utilized  for  measuring 
numerically  the  many  qualities  of  leather-cloth  and  shall 
try  to  interpret  the  readings  in  terms  of  durability  and 
permanence  of  appearance.  The  general  appearance, 
with  regard  to  luster,  smoothness,  softness,  finish  and 
color,  can  be  judged  and  interpreted  by  comparing 
standard  samples. 

Method  of  Testing  Quality  ' 

Many  years  ago  it  was  the  practice  to  set  up  in  a  field 
a  group  of  discarded  top-frames  on  which  were  stretched 
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Fig.     1 — Former     Method     op     Testing    .Life     of 
Materials  by  Exposure  to  the  Weather 

the  various  materials  for  comparative  test  under  actual 
weather  conditions,  as  shown  in  Fig.  1.  The  tops  were 
opened  and  closed  from  time  to  time.  This  necessitated 
a  loss  of  time  of  6  months  to  a  year.  This  method  does 
not  serve  in  these  days  when  decisions  must  be  made  and 
volume  production  had  with  the  shortest  possible  delay 
to  meet  the  rapidly  changing  condition  of  the  market. 

I  shall  present  for  your  consideration  the  quality-test 
method  for  leather-cloth  products  that  has  been  developed 
by  our  staff  in  cooperation  with  the  United  States  Bureau 
of  Standards.  The  serviceability  of  automotive  leather- 
cloths  depends  not  only  on  the  raw  material  but  on  the 
process  by  which  the  goods  are  made.  A  chemical 
analysis  will,  as  a  rule,  not  be  as  indicative  of  quality  as 
the  physical  tests  that  represent  the  stresses  to  which 
the  goods  are  to  be  subjected  in  actual  use.  The  nature 
and  construction  of  the  fabric,  however,  are  of  some  im- 
portance. For  example,  a  very  heavy  fabric  would  not 
be  suitable  for  use  in  side-curtains  that  generally  are 
folded  or  rolled  up  and  tucked  away  under  the  seat  of 
the  automobile.  On  the  other  hand,  upholstering  ma- 
terial that  is  stretched  and  nailed  and  later  subjected  to 
severe  usage  must  be  made  from  a  rigid  fabric  that  can- 
not easily  be  pulled  out  of  shape  or  torn.  The  particular 
requirements  will  determine  the  desirability  of  muslin, 
drill,  twill,  sateen,  moleskin  or  duck,  and  the  suitability 
of  each  is  judged  by  the  weave,  construction,  thread- 
count,  weight  and  the  like.  These  points  may  readily  be 
ascertained  by  the  ordinary  methods  of  fabric  analysis. 

Weight  is  one  of  the  most  important  physical  char- 
acteristics and  is  easily  determined  by  placing  a  definite 
length,  as  12  yd.,  on  a  scale.  The  procedure  may  be 
carried  out  in  the  laboratory  illustrated  in  Fig.  2. 
Samples  are  carefully  chopped  out  with  a  3  x  3-in.  die. 
These  are  weighed  in  centigrams  on  a  torsion-balance 
and  the  weight  of  the  units  of  the  desired  area  is  estab- 
lished. For  example,  the  weight  in  grams  multiplied  by 
the  factor  5.08  will  give  the  weight  in  ounces  per  square 


Fig.    2 — View   of   a   Modern   Laboratory   Equipped   To    Test   the- 
Various  Qualities  of  Automotive  Material 
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Fig.    3 — Abrasion    -Machine    Designed   To    Reproduce 
in  the  Laboratory  the   Usage  That  an   Upholster- 
ing   Material   Will   Receive    in    Service 

yard.  Ounces  per  square  yard  times  the  factor  1.04  will 
give  the  weight  in  pounds  per  piece  50  in.  wide.  The 
test  is  made  under  standard  conditions  of  65-per  cent 
relative  humidity  and  a  temperature  of  70  deg.  fahr. 

The  uniformity  of  quality  depends  largely  on  the  uni- 
formity of  weight.  This  does  not  necessarily  mean  that 
greater  durability  may  be  expected  from  very  heavy  ma- 
terials. There  appears  to  be  a  limit  each  way;  extreme 
"body"  is  almost  as  bad  as  extreme  "flimsiness."  To 
secure  a  uniform  product,  it  is  desirable  to  establish  a 
standard  weight  and  provide  for  a  reasonable  degree  of 
tolerance  for  each  class  of  material.  Conformity  to  the 
standard  weight  will  result  in  a  greater  uniformity  of 
strength  and  of  wearing  quality. 


The  severe  usage  that  upholstering  material  must 
withstand  in  constantly  rubbing  against  clothing  very 
soon  tells  on  cheap  material.  The  coating  wears  away, 
peels  off  and  shows  the  bare  fabric,  which  has  very  little 
resistance  to  wear.  In  view  of  the  fact  that  the  ma- 
terial is  placed  under  some  degree  of  tension  before  it 
is  nailed  to  the  seat  frame,  the  wearing  qualities  will  be 
greatly  reduced  unless  the  coating  is  made  of  a  very 
durable  fabric.  The  abrasion  machine  shown  in  Fig.  3 
was  designed  to  reproduce  as  nearly  as  possible  in  the 
laboratory  the  exact  type  of  punishment  that  the  goods 
receive  on  a  car.  The  method  recommended  is  to  fasten 
strips  30  in.  long  and  1  in.  wide  between  the  jaws  of  the 
abrasion  machine  at  such  a  tension  as  to  raise  the 
weights  just  off  the  supports  while  the  machine  is  oper- 
ating. The  most  suitable  wearing  surface  is  a  fresh 
piece  of  muslin  that  has  a  thread-count  of  about  60  x  60. 
The  tension  is  adjusted  during  the  operation  to  take  up 
the  stretch.  The  number  of  rubs  is  recorded  upon  a 
small  counter  that  is  attached  to  the  machine.  After 
1000  rubs,  and  again  after  2000  rubs,  have  been  recorded 
by  the  counting  attachment,  the  goods  are  examined,  and 
at  between  2500  and  3000  rubs  the  sample  is  removed. 
The  test  may  be  prolonged  for  special  purposes.  We 
have  examined  some  samples  on  which  the  coating  was 
very  badly  worn  at  500  rubs  and  was  so  far  removed 
that  the  fabric  showed  through  at  1000  rubs.  On  the 
other  hand,  some  materials  are  so  durable  that  from  3000 
to  4000  rubs  are  required  to  produce  any  noticeable 
effect.  This  test  also  indicates  the  resistance  of  top  ma- 
terial to  abrasive  action.  We  consider  this  a  very  im- 
portant test  of  leather-cloth  on  account  of  its  direct  indi- 
cation of  the  hardness  of  the  coating,  which  foretells  the 
wearing  quality. 

It  is  important  that  the  goods  possess  sufficient 
strength  and  rigidity  to  withstand  the  normal  wear-and- 
tear  of  service.  Limiting  requirements  should  be  adopted 
for  each  class  of  material.  High  tensile-strength  is 
necessary  for  leather-cloth  that  requires  great  resistance 
to  tearing  or  breaking  under  service  strain.  Good  grades 
of  properly  constructed  leather-cloth  generally  run  higher 
than  the  corresponding  grades  of  leather. 

The  "grab"  method  should  be  used  to  determine  the 
tensile-strength.  Strips  are  cut  parallel  to  the  warp  and 
the  filling  threads  should  be  4  in.  long  and  1%  in.  wide. 
The  jaws  of  the  machine  are  set  1  in.  apart  with  a  1-in. 
clamp.  The  speed  of  the  lower  jaw  is  regulated  to  12  in. 
per  min.  and  an  average  of  at  least  three  breaks  is  ob- 
tained. Table  1  shows  the  high  and  low  points  of  a  large 
number  of  samples  examined  in  our  laboratory,  and  indi- 
cates the  variation  that  may  be  expected  in  the  different 
commercial  brands.  If  you  desire  a  very  strong  material 
that  cannot  easily  be  ripped  from  the  bows,  you  must  sub- 
ject it  to  a  scientific  test  to  determine  its  suitability. 


TABLE     1 — VARIATIONS    IN    THE    TE.VSILE-STRENGTH    OF    AUTO- 
MOTIVE MATERIAL 

Warp 

Filling 

Kind  of 
Material 

Maximum 

Minimum 

Maximum 

Minimum 

Upholsterv.. . 

Top 

Curtain 

215 
180 
145 

100 

120 

70 

Kill 

120 

95 

90 

75 
50 

Fig.     4 — The     Scott    Dynamometer     Equipped 

with  an  Attachment  for  Testing  the  Degree 

of     Adhesion     between     the     Rase     and     the 

Cover i ng 


To  produce  a  piece  of  goods  with  a  very  even  coating 
that  will  not  appear  thready  when-  stretched,  and  at  the 
same  time  to  increase  the  strength  and  water-resistance 
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Fig. 


-Typical  Strips  That  Have  Been  Tested  for  Adhesion 


and  overcome  the  diagonal  stretch  due  to  the  method  of 
constructing  sateen  and  twill-base  fabrics,  some  manu- 
facturers cement  two  fabrics  together  before  laying  on 
the  coating.  In  such  cases  it  is  very  important  that  the 
cement  be  very  strong  so  that  the  plies  will  not  separate 
when  they  are  stretched  over  the  bows  of  the  automobile 
top.  The  separation  of  the  plies  results  in  general  weak- 
ness and  greatly  reduces  the  resistance  to  water.  The 
degree  of  adhesion  between  the  two  fabrics  may  be  con- 
veniently determined  by  an  attachment  to  the  Scott 
dynamometer  illustrated  in  Fig.  4. 

In  testing  the  bonding-strength,  strips  8  in.  long  and 
1  in.  wide  are  taken  out  parallel  to  the  threads,  in  either 
the  warp  or  the  filling  direction.  The  separation  of  the 
plies  is  started  with  a  knife  and  they  are  stripped  back 
about  2  in.  One  end  is  fixed  in  the  upper  jaw  and  the 
other  in  the  lower  jaw  of  the  dynamometer.     The  mo- 


Amourrt  of  Stretch  is  the  perpendicular  distance  above  the  reference  line 
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Fig.   6- 


-Stretch   Diagrams  Obtained  on  Two  Samples  of  Tup 
Material 


tion  of  the  lower  jaw  continues  the  separation  at  a  uni- 
form speed  of  12  in.  per  min.  The  tension  required  is 
shown  on  the  balance  dial.  This  must  be  watched  dur- 
ing the  separation.  The  pointer  will  be  approximately 
steady  about  an  average  point.  Tearing  the  threads 
must  be  avoided  by  cutting  the  sample  properly.  For 
example,  the  pointer  might  vary  from  2  lb.  6  oz.  to  2  lb. 
10  oz.,  in  which  case  we  should  call  the  bonding-strength 
2y2  lb.  per  in.  Fig.  5  indicates  the  nature  of  the  strips 
used  in  the  test  and  their  appearance  after  they  are 
separated. 

You  have  all  seen  baggy  tops  that  flap  in  the  wind,  sag 
and  lose  their  trim  appearance.  The  tendency  toward 
this  condition  can  be  foretold  by  measuring  the  percent- 
age of  elongation  under  tension,  by  an  autographic  device 
attached  to  the  fabric  dynamometer.  The  jaws  of  the 
dynamometer  are  fixed  3  in.  apart  with  the  1%-in.  clamps 
in  place.  The  stretch  is  measured  by  actual  distance 
above  the  base-line  on  the  stretch-strain  diagram  and  is 
recorded  at  20,  40  and  60  lb.  The  samples  are  6  in.  long 
by  1  in.  wide. 

Fig.  6  shows  the  stretch  diagram  obtained  on  two 
samples  of  automotive  top  material.  In  one  case  the 
stretch  is  very  high,  amounting  to  about  9  per  cent  in 
the  warp  direction  at  a  60-lb.  tension;  in  the  other  case 


it  is  less  than  one-half  that  amount.  The  test  is,  of 
course,  very  severe,  and  it  is  not  to  be  supposed  that  an 
automobile  top  would  ever  be  subjected  to  a  force  suffi- 
cient to  stretch  it  9  per  cent.  The  figures  obtained,  how- 
ever, are  relative  and  it  has  been  shown  that  the  9-per 
cent  material  is  less  satisfactory  in  actual  service  than 
the  4-per  cent  material. 

The  resistance  to  puncture  is  determined  by  a  small 
steel  foot  that  is  pressed  against  the  fabric,  the  force 
necessary  to  produce  rupture  being  measured.  The  Webb 
testing-machine  shown  in  Fig.  7  is  fitted  with  a  y8-in. 
foot,  which  is  used  over  the  No.  1  hole.  The  goods  are 
placed  under  the  foot  and  held  by  a  clamp  in  both  the 
warp   and  the  filling  directions   while   the  pressure   re- 


FlG-    7 — thb    Testing-Machine    Used    To    Determine 

the  Resistance  of  the  Fabric  to  Puncture  and  at 

Its  Side  the  Gage  for   Determining  the  Thickness 

of  the  Fabric 

quired  to  puncture  the  goods  is  recorded.  This  instru- 
ment was  designed  originally  to  measure  the  breaking- 
strength  of  paper  and  strawboard.  Various  attachments 
that  have  been  supplied  with  the  device  have  made  it 
suitable  for  measuring  some  of  the  qualities  of  leather- 
cloth.  A  flat  1-in.  square  foot  that  is  furnished  can  be 
used  to  measure  the  resistance  to  cracking.  It  is  not 
possible,   however,   to  obtain   so   high   pressures  on  the 


S — Apparatus  Devised  To  Measure  the  Relative  Resistance 
of  the  Fabric  to  Cracking 
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Fig. 


9 — Testing-Machine  To   Determine  the  Resistance   of  the 
Fabric   to    Water 


water  testing-machine  shown  in  Fig.  8.  In  Fig.  7,  along- 
side the  Webb  testing-machine,  is  shown  an  Ashcroft 
thickness-gage  that  is  used  for  determining  the  thick- 
ness of  leather-cloth. 

The  operations  of  folding  and  stitching  will  produce 
large  cracks  on  an  inferior  material,  whereas  a  high- 
grade  product  will  withstand  severe  manipulation  with- 
out injury.  To  determine  the  relative  resistance  to 
cracking  the  apparatus  shown  in  Fig.  8  was  devised. 
This  instrument  measures  cracking  pressures  up  to  200 
lb.  per  sq.  in.  Many  high-grade  leather-cloths  will  with- 
stand these  easily.  A  few  products  are  so  brittle  that 
they  crack  below  a  pressure  obviously  much  too  low  to 
meet  even  the  simplest  manufacturing  requirements. 
The  test  consists  in  taking  strips  1  in.  wide  that  are  cut 
parallel  to  the  warp  and  the  filling  of  the  base  fabrics. 
These  are  folded  into  creases  with  the  coatings  up  and 
placed  beneath  the  foot  of  the  testing  machine.  '  The 
pressure  on  the  foot  is  gradually  increased  by  rotating  a 
handwheel  until  the  coating  cracks.  The  pressure  is 
recorded  by  a  diaphragm  filled  with  water  and  connected 
with  a  pressure-gage. 

The  toughness  of  the  coating  sometimes  is  determined 
in  a  practical  way  by  manipulating  the  goods  between 
the  fingers,  in  what  is  commonly  called  the  "scrub  test." 
There  are  a  number  of  other  so-cal'ed  "hand-tests"  that 
sometimes  are  used  as  a  general  guide.  One  of  these  con- 
sists of  drawing  some  blunt  instrument  quickly  across 


10 — Determining  the  Life  of  the  Fabric  by  Placing  It  on 
Aging   Blocks   on   the  Roof 


the  coated  surface;  another  is  to  fold  the  goods  double 
and  rapidly  draw  them  apart.  These  tests  are,  of  course, 
not  more  than  general  indications  inasmuch  as  different 
persons  do  not  perform  them  in  the  same  manner. 

In  some  cars  that  have  been  on  the  road  for  a  little 
while  you  can  see  that  the  coating  of  the  upholstery  has 
peeled  off  in  large  pieces,  the  fabric  beneath  showing. 
In  fact,  the  coating  on  some  materials  is  anchored  so 
poorly  that  it  can  easily  be  pulled  off  with  a  finger-nail. 
In  a  practical  way,  a  general  idea  of  the  degree  of  ad- 
hesion can  be  obtained  by  the  finger-nail  test  but  it  is 
far  from  exact  and,  of  course,  does  not  allow  expression 
in  numerical  units.  We  have,  therefore,  designed  an 
attachment  to  our  crack  testing  machine  to  measure  the 
adhesion  properly  and  we  recommend  a  method  in  which 
1-in.  strips  of  the  goods  to  be  tested  are  cut  parallel  to 
the  warp  and  the  filling  threads.  Near  one  end  of  each 
of  these  strips  a  flat  S-bend  is  formed.  A  pressure  of 
1  lb.  is  then  applied  to  the  bend  by  the  pressure  jaws. 
The  ends  are  fastened  to  a  clip  on  the  motor-driven  re- 
volving cylinder.  The  motion  of  the  cylinder  draws  out 
the  goods  at  a  uniform  speed.  Various  pressures  are 
used  until  the  minimum  pressure  at  which  the  coating  is 
stripped  from  the  base  is  determined. 

The  importance  of  affording  protection  from  rain  is 
obvious  in  the  case  of  topping  and  deck  material.  The 
relative  resistance  of  various  leather-cloths  can  be  deter- 
mined by  placing  a  sample  of  the  coated  goods  face- 
downward  in  the  Mullen  testing-machine  illustrated  in 
Fig.  9,  after  first  removing  the  rubber  diaphragm,  fill- 
ing the  well  with  water  and  ascertaining  the  pressure 
necessary  to  force  the  water  through. 

Materials  that  have  a  very  low  degree  of  water- 
resistance  can  be  tested  by  folding  a  piece  of  goods  20  in. 
square  into  a  bag  partly  filled  with  heavy  objects  of 
irregular  outline  and  immersed  in  water.  The  penetra- 
tion after  24  hr.  and  again  after  48  hr.  is  noted. 

Several  instances  have  occurred  in  which  automobile 
tops  have  shrunk  so  badly  that  the  bows  have  been  pulled 
out-of-shape  and  loose  from  the  frame.  The  shrinkage 
factor  should,  therefore,  be  predetermined.  In  making 
this  test  lines  are  ruled  10  in.  apart  on  the  sample  which 
is  then  soaked  in  water  at  room  temperature  for  1  hr., 
drained  and  hung  up  vertically  to  dry.  When  it  is  com- 
pletely dry,  the  distance  between  the  lines  is  measured 
and  the  contraction  is  expressed  as  a  percentage  of  the 
length. 

It  is,  of  course,  not  possible  by  any  process  to  convert 
cotton  or  any  organic  substance  into  asbestos.  It  is  de- 
sirable, however,  that  the  coating  material  be  not  highly 
inflammable.  The  relative  fire-resistance  can  be  deter- 
mined with  strips  that  are  cut  1  in.  wide  by  8  in.  long 
and  supported  vertically  so  as  to  hang  freely.  One  of 
the  lower  corners  is  ignited  with  a  match  and  the  time 
from  the  application  of  the  match  to  the  complete  com- 
bustion of  the  strip  is  determined.  This  will  include  the 
time-interval  for  ignition  as  well  as  for  combustion.  The 
condition  of  the  cinder  and  the  rapidity  of  travel  of  the 
flame  are  noted. 

A  considerable  variation  among  the  numerous  com- 
mercial brands  of  leather-cloth  in  their  properties  of 
heat-resistance  exists.  Some  are  affected  very  little  by 
summer  heat,  whereas  others  "sweat"  very  badly  when 
slightly  warm.  This  "sweating"  or  "spewing"  is  very 
objectionable.  To  test  fabrics  for  this  characteristic  the 
samples  should  be  placed  within  a  constant-temperature 
oven,  adjusted  to  150  deg.  fahr.,  and  allowed  to  remain 
for  2  hr.,  after  which  they  are  examined  for  tackiness 
and  sweating.     They  are  then  allowed  to  come  to  room 
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temperature  and  are  examined  for  any  change  in  flexi- 
bility and  permanent  change  in  toughness. 

To  determine  the  ease  with  which  it  can  be  cleaned, 
the  coating  should  be  subjected  to  a  practical  test  by 
washing  small  strips  of  it  with  soap  and  water  and  also 
with  gasoline.  There  should  be  no  appreciable  loss  of 
luster  or  injury  to  the  coating.  An  alternative  test  in 
the  case  of  laminated  leather-cloth,  or  of  the  two-ply 
khaki  top-material,  is  to  soak  it  in  gasoline  for  24  hr. ; 
after  drying  it  no  difference  should  be  found  from  the 
condition  of  the  original  sample  in  either  the  bonding  or 
the  tensile-strength. 

The  final  criterion  of  quality  is  how  the  goods  stand 
up  in  service.  It  takes  a  long  time  for  goods  to  deterior- 
ate under  the  natural  influence  of  sunlight,  wind,  snow 
and  rain,  when  placed  on  aging  blocks  on  the  roof  as 
shown  in  Fig.  10.  To  determine  the  relative  merits  of 
various  fabrics  quickly  it  is  possible  to  expose  the  samples 
to  the  ultra-violet  rays  of  a  mercury-arc  light,  illustrated 
in  Fig.  11,  and  obtain  information  in  a  few  days  that 
ordinarily  would  require  several  months,  showing  both 
the  deterioration  of  the  coating  and  the  stability  of  the 
color  of  composite  cloths. 

The  effect  of  exposure  on  the  water-resistance  is  shown 


Pig. 


11 — Mercury-Arc  Light  Used  To  Determine  the 
Life  of  the  Fabric 


that  goods  of  uniformly  high  quality  may  be  produced, 
it  is  necessary  that  the  manufacturers  take  great  pre- 
cautions against  defects  in  the  finished  material.    In  the 
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Fig.    12 — Curves   Showing   at  the  Left  the   Effect   of   Exposure   on    the    Water-Resistance,    in    the    Center    the 
Gradual  Loss  of  Flexibility   with  Age  and  at  the  Right  the  Loss  of  Toughness 


at  the  left  of  Fig.  12.  These  curves  indicate  how  the 
water-resistance  of  a  few  of  the  samples  decreased  dur- 
ing the  test.  The  curves  of  the  center  denote  the  gradual 
loss  of  flexibility  and  the  stiffening-up  with  age,  and 
those  at  the  right  show  the  gradual  loss  of  toughness  of 
a  few  of  the  samples.  At  the  end  of  the  year  some  of 
them  were  as  cracky  as  a  fountain-pen  and  would  snap 
when  lightly  pinched  between  the  fingers. 

Maintenance  of  Uniform  Quality 
The  numerous  properties  have  a  wide  variation  among 
the  different  brands.     To  guard  against  fluctuations  so 


table  2- 

-SKIN   PROPERTIES  OF 

OILS 

AND 

LACQUERS 

Skin  No. 

Strength,  Grams 

Stretch,  Per  Cent 

23 

1,330 

14 

24 

1,610 

8 

27 

695 

96 

30 

2,100 

24 

46 

400 

80 

51 

2,100 

39 

53 

2,990 

77 

72 

1,400 

45 

77 

7,435 

5 

78 

6,230 

7 

79 

8,000 

8 

83 

3,100 

31 

86 

300 

64 

94 

235 

69 

187 

3,400 

99 

case  of  the  untreated  raw  material,  the  quality  is  as- 
sured by  chemical  analysis,  and  the  uniformity  of  the 
treated  products  is  maintained  by  careful  control  of  the 
chemical  and  physical  properties.  The  Doolittle  viscosi- 
meter,  shown  at  the  left  of  Fig.  13,  has  been  modified  to 
meet  our  particular  requirements.  The  viscosity  is 
determined  by  measuring  the  friction-resistance  between 
the  oil  and  a  brass  spindle. 
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The  plastometer,  illustrated  in  the  middle  portion  of 
Fig.  13,  is  utilized  to  maintain  the  uniformity  of  some 
of  the  primary  mixtures  that  are  compounded  to  make 
the  coating.  The  strength,  elasticity  and  wearing  qual- 
ities of  leather-cloth  are  dependent  to  a  considerable  ex- 
tent upon  the  character  of  the  skin-forming  material 
with  which  they  have  been  coated.  To  obtain  strength 
without  sacrificing  pliability,  it  is  necessary  to  maintain 
the  proper  balance  between  the  fabric  and  the  coatings. 
The  fabric  must  be  chosen  to  furnish  the  necessary 
tensile-strength.  Knowing  the  weave,  construction, 
weight  and  the  like,  the  coating  materials  can  then  be 
selected  scientifically  to  yield  the  most  serviceable  prod- 
ucts. The  apparatus  for  testing  the  skin  is  shown  at  the 
right  of  Fig.  13. 

Table  2  shows  the  variations  in  the  skin  properties  of 
a  few  typical  treated  oils  and  emphasizes  the  necessity 
for  choosing  the  proper  materials  carefully  to  obtain  the 
desired  qualities  in  the  finished  product.  A  microphoto- 
graphic  outfit,  by  which  skin-forming  properties  are 
studied,  is  illustrated  in  Fig.  14.  Fig.  15  is  a  micro- 
photograph  of  oils  showing  two  different  stages  of  treat- 
ment. The  skins  formed  from  various  coating  vehicles 
do  not  in  themselves  possess  the  desired  characteristics 
of  strength  and  wearing  quality.  To  increase  the  re- 
sistance to  wear  and  at  the  same  time  meet  the  artistic 
requirements  in  color  and  finish,  certain  pigments  must 
be  incorporated  into  the  mixture.  These  are  purchased 
on  specification  and  are  carefully  checked  for  uniformity. 

Specifications  for  Leather-Cloth 

To  produce  motor  cars  with  all  the  features  of  design 
and  construction  carefully  balanced  and  to  give  the  pur- 
chaser the  maximum  return  for  his  money,  definite  speci- 
fications for  many  of  the  mechanical  parts  have  been 
adopted.  The  steel  must  conform  to  definite  require- 
ments; the  instruments  must  meet  certain  tests;  yet 
very  few  leather  substitutes  are  purchased  according  to 
any  agreed  specification  of  quality. 

Specifications  covering  three  general  applications  of 
leather-cloth  to  special  requirements  are  presented  below : 

PURCHASE     SPECIFICATIONS    FOR    AUTOMOTIVE     MATERIALS 


Kind  of  Material 
Tensile-Strength  of 

Warp,  lb. 
Tensile-Strength  of 

Filler,  lb. 
Weight  per   Square 

Yard,  oz. 
Thickness,  in. 


Top 


Special 
Upholstery      Coach 


175  to  190    195  to  210    120  to  130 
95  to  105    150  to  160    115  to  125 


20  to  21 

0.0320  to 

0.0330 


23  to  24 

0.0360  to 

0.0330 


22  to  23 

0.0350  to 

0.0360 


pig     15 mlcrophotographs  of  an  oll  showing  thb 

Results    of  Two  Different  Treatments 


Toughness  of  Warp 

Toughness  of  Filler 

Resistance  to  Heat  at 
150  Deg.  Fahr. 


30  to  40 
(a) 

25  to  35 
(a) 

OK 


40  to  50 
(a) 

30  to  40 
(a) 


200  (6) 
200  (6) 


OK  OK  to 

Slightly  Tacky 


flu.    14  mlcrophotographic    outfit    employed    to    study    the 

Skin-Forming    Properties 


Resistance  to  Abrasion 

at  2,000  Rubs  OK  to  OK 

Slightly  Dull 
Resistance  to  Abrasion 

at  3,000  Rubs  OK  

Resistance  to  Abrasion 

at  4,000  Rubs  Slightly      Slightly  

Dull  to  Dull       Dull 
Resistance  to  Cold  at 

30  deg.  Fahr.  No  Crack-  No  Crack-         .... 

ing  ing 

Resistance  to  Fire,  sec.  35  to  40        35  to  40        35  to  40 
Cleansability  with  Soap      OK  OK  OK 

Cleansability  with 

Gasoline  OK  OK  OK  to 

Slight  Effect 
Stretch  of  Warp  at 

20  Lb.,  per  cent      0.75  to  1.00  1.50  to  2.00  2.00  to  2.50 
Stretch  of  Filler  at 

20  Lb.,  per  cent      1.50  to  1.75  4.00  to  4.50  4.50  to  5.00 
Stretch  of  Warp  at 

40  Lb.,  per  cent       1.00  to  1.50  2.00  to  2.50  3.00  to  4.00 
Stretch  of  Filler  at 

40  Lb.,  per  cent      1.75  to  2.00  5.50  to  6.00  6.00  to  6.50 
Stretch  of  Warp  at 

60  Lb.,  per  cent        2.00  to  2.25  4.00  to  4.50  9.00  to  11.00 
Stretch  of  Filler  at 

60  Lb.,  per  cent       2.00  to  2.50  8.50  to  9.00  8.00  to  9.00 
Adhesion  of  Coating, 

lb.  4  to  5  5  4  to  5 

Bonding  Strength, 

lb.  2.50  to  3.00  2.50  to  3.00  2.50  to  3.00 

Dryness  Good  Good  Good 

Flexibility  OK  OK  OK 

Resistance  to  Shrink- 
age   of    Warp,    per 

cent  1.00  to  1.50  0.50  to  0.75  0.75  to  1.00 

Resistance  to  Shrink- 
age  of   Filler,   per 

cent  0.25  to  0.75  0.00  to  0.25  0.00  to  0.25 

Smoothness  Good  Good  Good 

Fabric  Construction         Muslin         Muslin         Muslin 
and  Drill     and  Drill     and  Drill 
Thread  Count,  Muslin      62x50  to      66x60  to      52x50  to 

66x58  64x58  48x46 

Thread  Count,  Drill  62x34  to    109x46  to      72x60  to 

66x40         107x44  68x56 

Resistance  to  Punc- 
ture of  Warp  325  to  350  330  to  340  200  to  210 
Resistance  to  Punc- 
ture of  Filler              285  to  315    380  to   390  250  to  260 
Water    Resistance    for 

48  Hr.  OK  OK  OK 

Water-Pressure   Re- 
sisted, lb.  80  to  120    200  to  250         240 
Surfacing  Good  Good  Good 
Luster                               Standard     Standard     Standard 
i  a )    Determined  by  scrubbing  test, 
(b)    Determined  by  water  test. 
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THE  author  outlines  past  conditions  that  led  to  a 
diversity  of  design  for  similar  parts,  such  as  tires 
and  rims,  as  being-  analagous  to  the  causes  of  present 
variations  in  automatic  electrical  equipment  intended 
for  identical  purposes,  and  gives  specific  instances  in 
which  such  variation  has  resulted  in  excessive  expense 
and  delay. 

Constructive  suggestions  are  made  for  improvement 
in  regard  to  reducing  the  number  of  types  of  equipment 
and  standardization  of  the  remaining  types,  more 
especially  with  regard  to  generators,  as  a  means  of 
making  possible  better  service-station  efficiency  and  a 
reduction  of  the  investment  now  necessary  because  of 
the  carrying  of  an  excessive  number  of  parts  in  stock. 
Standardization  problems  are  stated  and  commented 
upon,  and  the  advantages  of  a  reasonable  degree  of 
standardization  for  electrical  equipment  are  set  forth. 

TO  get  a  vision  of  how  present  difficulties  might 
have  been  avoided,  let  us  start  at  the  time  when 
pneumatic  tires  were  first  being  developed,  and 
pretend  that  at  that  time  there  was  the  same  amount 
of  engineering  initiative  that  we  have  in  the  industry 
today.  Tire  companies  and  motor-car  companies  were 
many,  and  none  of  them  would  consider  having  any  part 
so  common  that  it  could  be  used  on  any  other  car.  Ac- 
cordingly, it  happened  that  each  motor-car  company 
designed  wheels  having  rims  that  required  special  tires. 
No  two  different  makes  of  car  could  use  the  same  size  of 
tire,  and  the  tire  companies  bowed  to  the  wishes  of  their 
prospective  customers  and  designed  accordingly.  Some 
cars  required  different  sizes  and  types  of  tire  on  front 
and  rear  wheels;  on  others,  designers  thought  that,  due 
to  the  crown  of  the  road,  the  tires  on  the  right  side 
should  be  larger,  with  the  ones  on  the  left  side  made 
oversize  for  foreign  shipment. 

After  these  companies  had  distributed  several  mil- 
lion cars  to  purchasers  uninformed  as  to  the  real  mean- 
ing of  variations  of  this  kind,  tourists  often  had  the 
experience  of  being  stranded  while  waiting  for  a  tire 
from  the  factory  because,  unless  the  local  dealer  han- 
dled that  particular  make  of  tire,  there  was  no  chance 
of  getting  some  other  make  to  fit.  Each  motor-car  com- 
pany continued  to  justify  itself  regarding  this  policy 
by  the  fact  that  customers  had  to  come  to  it  for  tires, 
forgetting  that  it  was  automatically  closing  its  doors  to 
the  possibility  of  a  great  amount  of  additional  replace- 
ment business.  Some  of  the  smaller  tire  companies  went 
out  of  business,  but  the  larger  ones  could  not  profit  by 
this  because  they  had  nothing  to  sell  the  former  cus- 
tomers of  the  other  organizations.  Nor  was  this  the 
only  way  in  which  the  whole  industry  was  limiting  it- 
self. Prospective  buyers  hesitated  to  buy  cars  because 
blowouts  of  tires  might  necessitate  expensive  hotel  bills 
while  waiting  for  a  new  tire  or  the  abandonment  of  the 
car  and  returning  home  on  a  railroad  train.  Such  nega- 
tive advertising  passed  from  one  car-owner  to  another 
and  increased  sales  resistance  so  that  competitors  were 
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forced  to  get  together  to  see  what  was  wrong  and  try 
to  correct  it;  and  this  is  the  point  at  which  we  find  our- 
selves today. 

The  foregoing  outline  is  a  close  parallel  to  the  condi- 
tion that  exists  today  in  regard  to  automotive  electrical- 
equipment.  Not  only  do  we  have  a  multitude  of  starting 
motors,  generators  and  ignition  devices,  that  fit  on  one 
car  and  one  car  only,  but  we  have  wiring  schemes  that 
have  very  different  arrangement  on  the  car,  although 
they  are  the  same  in  principle.  This  is  a  source  of  an- 
noyance not  only  to  the  owner  of  the  car  but  to  the 
average  man  in  the  small  electrical  station  as  well.  A 
man  in  a  small  town  does  not  have  a  sufficient  quantity 
of  work  to  make  him  familiar  with  the  wiring  on  all  of 
the  various  makes  of  car.  However,  if  the  circuits  were 
analyzed,  we  would  find  them  essentially  the  same;  ac- 
cordingly, it  would  seem  possible  to  get  some  systematic 
way  of  wiring  all  cars. 

For  example,  the  tail-lamp  wire  might  be  designed  to 
run  back  along  the  left  side-rail  of  the  frame  or  body;  a 
standardized  location  of  the  fuses  would  help;  a  stan- 
dardized color  scheme  for  the  wires,  long  discussed,  would 
facilitate  trouble-shooting;  and  a  definite  location  for 
the  terminals  on  the  back  of  the  lighting-switch  would 
make  it  easier  for  all  concerned.  This  would  mean,  for 
example,  that  the  tail-lamp  terminal  would  always  be  at 
the  bottom,  the  head-lamp  terminal  always  at  the  top 
and  the  battery  terminal  always  in  the  center.  Then  an 
electrician  could  locate  wiring  or  circuit  trouble  on  any 
car  more  quickly  and  easily,  and  the  customer  would 
have  just  that  much  more  satisfaction  from  his  car. 
Regarding  standardized  color-schemes,  a  certain  magneto 
made  some  years  ago  had  a  cable  from  the  magneto  to 
the  coil,  the  three  wires  being  colored  red,  green  and 
yellow  and  the  terminals  on  the  coil  marked  R,  G  and  Y; 
the  average  man  thus  was  able  to  get  the  wires  on  the 
right  terminals. 

An  endeavor  has  been  made  to  improve  the  available 
facilities  for  training  men  for  maintenance  work  because 
the  present  schools  are  inadequate.  This  takes  time, 
but  we  can  improve  conditions  in  automotive  mainte- 
nance by  making  the  various  jobs  easier  as  well  as  by 
making  the  workman  more  skillful.  At  present  it  is  a 
gamble  as  to  what  will  happen  to  a  car  if  some  small- 
town battery  or  electrical  man  is  asked  to  locate  trouble 
in  the  wiring.  Occasionally,  a  good  man  at  this  work  is 
found,  but  this  is  not  the  rule.  Few  so-called  electricians 
know  the  fundamentals  of  the  wiring  of  cars  sufficiently 
well  to  shoot  trouble  on  an  unknown  model,  and  the 
variation  in  the  wiring  plans  is  so  great  that  it  is  im- 
possible for  any  man  to  memorize  them.  Nor  do  wiring 
manuals  help  out  in  every  case.  One  reason  is  the  cost, 
which  prevents  all  but  the  most  farsighted  from  using 
this  kind  of  assistance.  Others  do  not  use  diagrams 
because  they  do  not  know  how  to  read  a  blue-print;  the 
lines  on  the  paper  mean  nothing  to  them  so  far  as  trac- 
ing the  wires  is  concerned.  This  class  of  man  is  working 
on  the  cars  we  build  and,  whether  we  acknowledge   it 
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or  not,  he  is  our  agent  in  the  eyes  of  the  car-owner. 
Whatever  trouble  he  causes  and  whatever  mistakes  he 
makes  in  working  on  our  customers'  cars,  he  will  never 
ascribe  them  to  his  own  inability  but  will  blame  the 
manufacturer  for  putting  out  a  pile  of  junk  and  making 
a  mess  of  the  wiring.  Such  things  do  not  promote  sales; 
they  kill  them.  That  is  why,  in  self-defense,  we  should 
standardize  wiring  so  that,  if  a  man  had  ever  traced 
the  tail-lamp  circuit  on  any  car,  he  could  go  to  any  other 
car  and  trace  the  same  circuit  with  equal  facility.  Varia- 
tion in  wiring  schemes  makes  maintenance  difficult  but 
not  impossible.  On  the  other  hand,  the  variation  that 
exists  in  the  construction  of  the  electrical  equipment  on 
the  car  cannot  be  overcome  by  any  amount  of  training 
that  the  electrical  man  might  have.  The  expense  that 
this  entails  is  borne  by  the  automotive  industry. 

To  illustrate  what  special  design  really  means,  some 
years  ago,  when  working  for  an  electrical  company,  my 
time  from  3:00  to  10:00  p.m.  was  taken  up  in  reaching 
a  small  town  where  a  job  awaited  me.  The  local  power- 
house was  operated  overtime  for  1V&  hr.  to  provide 
light  in  the  garage,  through  influence,  only  to  find  that 
the  car  in  question  was  equipped  with  an  ignition  gen- 
erator different  from  that  used  on  any  other  car,  that 
nothing  in  an  ordinary  garage  would  replace  it  and  that 
no  near-by  town  garage  or  dealer  could  help  out.  Even 
when  it  was  customary  to  render  service  of  this  kind,  it 
showed  a  condition  that  is  far  from  right.  Someone 
must  pay  for  expensive  maintenance  of  this  nature.  If 
the  factory  stands  up  under  such  strain,  it  is  due  to  the 
fact  that  the  expense  has  already  been  passed  along  to 
the  customer  by  increasing  the  first  cost  of  the  equip- 
ment. 

Even  today  conditions  in  this  respect  are  not  appre- 
ciably improved.  I  visited  a  small  battery-station  re- 
cently, in  a  town  about  30  miles  from  Chicago.  While 
I  was  there  a  man  came  in  to  see  about  a  generator  he 
had  left  for  repair.  Examination  had  shown  that  it 
needed  an  armature,  bearings  and  brushes.  The  shop 
did  not  have  these,  nor  was  there  any  place  nearer  than 
Chicago  where  they  could  be  had.  The  generator,  as 
usual,  was  used  on  that  particular  car  only,  and  the  parts 
could  not  be  obtained  within  4  or  5  days.  ,In  the  case 
of  this  particular  car,  it  was  possible  to  run  without 
the  generator  being  in  place;  but,  if  it  had  been  a  car 
on  which  either  the  oil-pump  or  the  water-pump  was 
driven  through  the  generator,  or  ignition  apparatus  was 
mounted  on  the  generator,  the  holdup  would  have  been 
complete.  The  average  service-station  in  a  small  town 
has  small  chance  of  having  in  stock  whatever  part  a  car- 
owner  may  need.  In  checking-up  a  wiring  manual  re- 
cently, I  found  listed  therein  791  diagrams  of  different 
cars,  14  different  generator  makers  in  active  production 
and  171  different  types  of  generator  made  by  these  com- 
panies. 

Proposed  Service  Improvement 

The  Automotive  Electrical  Association  proposes  to  es- 
tablish stations  throughout  the  Country  which  will  han- 
dle service  on  all  makes  of  electrical  equipment.  This 
is  a  step  in  the  right  direction,  but  how  can  it  possibly 
succeed  in  doing  this  where  the  community  is  so  small 
that  the  sales  will  not  pay  the  interest  on  the  stock  in- 
vestment? In  a  small  electrical  service-station  not  far 
from  Chicago,  two  partners  are  working  their  heads  off 
and  claim  to  have  over  $8,000  worth  of  stock.  They  told 
me  about  what  sums  they  were  able  to  draw  out  of  the 
business  each  week.  I  figured  that  if  they  subtracted 
the  interest  .on  their  investment  they  would  find   they 


were  making  less  in  a  week  than  they  could  easily  get 
if  working  for  someone  else.  These  men  are  subsidizing 
the  industry  to  the  extent  of  their  investment;  they  do 
not  realize  it.  If  this  same  station  were  handled  by  a 
business  man  capable  of  figuring  his  interest,  deprecia- 
tion of  equipment  and  kindred  factors,  he  would  find  it 
necessary  in  a  small  community  of  this  kind  to  increase 
prices  so  that  these  overhead  items  would  be  taken  care 
of.  The  burden  would  then  fall  on  the  car-owner,  just 
as  it  does  now,  but  it  would  be  a  cash  burden  rather 
than  one  of  inconvenience. 

Another  example  of  extreme  inconvenience  caused  by 
the  lack  of  uniformity  in  electrical  equipment  is  shown 
by  the  experience  of  a  man  who  was  driving  from  Mil- 
waukee to  Chicago.  He  was  passing  through  one  of  the 
small  towns  near  Chicago,  when  his  car  suddenly  stopped. 
He  called  on  an  electrical  service-station  and  it  was  found 
that  the  distributor-arm  in  the  battery-ignition  system 
had  been  punctured.  The  electrical  station  acted  as  of- 
ficial service  agent  for  one  or  more  makes  of  equipment 
but  not  for  the  one  in  question,  and  the  man  had  to  aban- 
don his  car.  Now  there  is  no  patent  on  the  shape  of  the 
upper  part  of  a  distributor-shaft,  and  there  is  no  reason 
why  there  could  not  be  some  uniformity  as  to  the  radius 
through  which  a  distributor-arm  swings.  Except  that 
distributor-arms  of  various  makes  do  not  fit  in  place  of 
each  other,  they  are  very  similar,  and  there  seems 
to  be  no  reason  why  they  could  not  eventually  be  made 
interchangeable.  Such  a  suggestion  will,  no  doubt,  be 
objected  to  by  a  number  of  engineers,  but  advancement 
in  any  line  is  attained  only  by  subordinating  personal 
opinions  to  the  good  of  the  many.  If  the  present 
S.A.E.  Standards  were  more  generally  used,  this  man 
would  not  have  been  foi'ced  to  leave  his  car.  In  an  emer- 
gency, a  busy  man  probably  would  prefer  to  buy  a  whole 
distributor  of  another  make,  rather  than  lose  the  use 
of  his  car  for  several  days.  But  even  with  the  best  of 
standards,  well  worked-out  by  wise  committees,  there 
will  be  no  appreciable  benefit  to  cars  already  in  the  user's 
hands.  However,  the  industry  is  progressing.  We  must 
work  for  the  period  10  years  hence,  or  our  anticipated 
progress  will  fail  to  materialize. 

Standardization  Problems 

How  shall  we  begin  to  standardize?  A  proposed  basis, 
taking  into  consideration  the  electrical  characteristics 
of  the  machine,  has  been  outlined,  but  how  will  this  help 
the  maintenance  shop  unless  the  mechanical  dimensions 
also  are  determined?  And,  if  both  the  electrical  char- 
acteristics and  the  mechanical  dimensions  are  predeter- 
mined, are  not  some  of  our  engineers  right  when  they 
say  that  standardization  would  remove  all  chances  for 
initiative  and  for  development  in  the  art?  We  would 
be  on  a  war  basis,  building  for  production  only  according 
to  planning  already   done. 

The  car-owner  and  even  the  service-station  proprietor 
do  not  care  much  whether  a  generator  charges  a  battery 
at  12  or  at  14  amp.  Furthermore,  if  it  does  charge  at 
12  amp.,  that  may  be  too  much  for  the  way  some  cars 
are  run  and  14  amp.  may  not  be  enough  for  other  classes 
of  usage.  Of  course,  if  a  generator  charges  only  at 
5  amp.  and  the  battery  has  to  be  charged  every  2  weeks, 
someone  will  let  us  know  about  it.  On  the  other  hand, 
if  the  generator  is  one  of  the  ultra-enthusiastic  kind 
and  has  a  propensity  for  throwing  out  solder  and  loosen- 
ing its  armature  leads,  there  will  also  be  a  comeback; 
but,  in  between  these  extremes,  the  exact  charging-rate 
is  not  so  vital  as  engineers  would  lead  us  to  believe. 

On  the  other  hand,  suppose  we  should  proceed  with 
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the  standardization  after  the  following  fashion:  Make 
a  survey  of  generators  now  in  production  that  have  an 
output  of  say  12  amp.  at  8  volts  at  1500  r.p.m.  without 
destructive  heating;  take  a  number  of  such  generators 
and  consider  their  length  and  diameter;  consider  the 
length  and  diameter  of  the  armature  core,  the  size  of 
the  commutator  and  the  brushes,  the  size  and  location 
of  bearings,  and  lay-out  a  standard  generator  on  this 
basis.  We  now  have  the  mechanical  dimensions  pretty 
well-defined,  but  they  have  not  limited  initiative.  Per- 
haps some  particular  electrical-equipment  company  that 
has  extensive  research  facilities  will  develop  a  grade  of 
iron  in  which  the  heat  losses  will  be  less  than  those  in 
commercial  laminated  steel.  By  this  means  it  may  be 
able  to  put  out  one  of  these  standard  machines  that  will 
either  have  a  greater  output  at  the  same  temperature, 
or  have  a  lower  temperature  for  a  specified  output.  In 
either  case  the  company  purchasing  such  a  machine 
would  get  more  for  the  money,  or  that  machine  might  be 
sold  for  more  than  the  average  standardized  machine. 
Perhaps  some  other  similar  company  would  develop  a 
new  type  of  insulation  that  would  withstand  excessive 
heat,  due  to  overloading  or  overspeeding;  it  might 
thereby  have  a  product  superior  to  that  of  some  other 
companies. 

Standardization  of  complete  machines  would  be  a  step 
in  the  right  direction.  It  would  make  possible  the  use 
of  a  rental  machine  while  the  machine  from  the  car  was 
being  repaired.  However,  by  visiting  a  number  of  ser- 
vice-stations, it  will  be  found  that,  as  a  rule,  no  attempt 
is  made  to  keep  complete  machines  in  stock.  The  present 
reason  is  their  high  cost,  combined  with  the  fact  that 
it  is  impossible  to  have  enough  different  kinds  of  machine 
to  fit  all  cars.  Then  again,  as  a  rule,  the  customer  does 
not  wish  to  pay  enough  to  have. a  complete  machine  put 
on,  except  in  very  unusual  circumstances. 

About  the  most  common  part  carried  in  stock  is  the 
armature.  While  the  cost  of  this  is,  of  course,  not  so 
much  as  that  of  a  whole  machine,  it  is  enough  to  prevent 
all  but  the  very  largest  establishments  from  having  a 
sufficient  variety  of  armatures  to  handle  the  general  run 
of  cars.  It  seems  that  standardization  of  armature  sizes 
would  be  of  the  greatest  benefit  to  the  electrical-main- 
tenance division  of  the  industry.  It  would  require  fix- 
ing bearing  dimensions  and  their  relation  to  the  arma- 
ture core  and  commutator.  The  size  of  the  core,  both 
the  diameter  and  the  length,  would  have  to  be  set,  and 
the  commutator  size  would  have  to  be  fixed.  Here,  of 
course,  we  run  into  questions  of  design.  In  a  machine 
of  fixed  external  dimensions,  one  engineer  might  figure 
some  advantage  in  a  fairly  large  armature,  with  less 
space  for  the  fields,  while  another  engineer  might  favor 
a  smaller  armature  with  greater  field-space.  It  appears, 
however,  that  an  analysis  of  a  number  of  machines  would 
determine  average  dimensions  that  could  be  adhered  to. 
It  may  be  said  that,  even  if  an  A-type  machine  is  stand- 
ardized so  that  the  armatures  are  all  alike  in  regard  to 
external  dimensions,  they  may  not  be  interchangeable 
electrically.  That  may  be  true  at  the  start,  since  we 
have  four-pole  machines  and  two-pole  machines,  but  it 
should  be  possible  to  settle  on  one  of  the  types  as  stand- 
ard. In  fact,  most  of  the  generators  now  in  use  are 
four-pole  machines.  In  regard  to  the  manner  in  which 
armatures  are  wound,  it  makes  little  difference  whether 
progressive  or  retrogressive  winding  is  used,  if  all  arma- 
tures use  the  same  method  of  winding.  Even  if  engineers 
should  insist  on  their  right  to  individuality  in  this  par- 
ticular respect,  it  would  be  easy  for  the  service-man  to 
reverse  the  fields  and  make  the  armature  suffice. 


The  question  of  brush  position  also  is  one  that  would 
have  to  be  settled  before  an  armature  would  be  inter- 
changeable with  that  of  some  other  type  of  machine. 
Here  again  the  fundamental  nature  of  the  winding  is 
determined  by  electrical  laws  that  no  engineer  can  alter. 
The  brush  must  be  placed  on  the  commutator  so  that  it 
rests  on  commutator  bars  connected  to  coils  that  are 
generating  little  or  no  voltage  at  that  instant.  From 
bars  under  a  brush,  the  winding  invariably  goes  to  a 
point  between  the  poles.  If  the  brush  is  located  under 
the  pole,  it  must  go  off  to  one  side  a  little  more  than 
half  the  pole  width.  In  the  other  direction,  the  winding 
also  goes  off  at  an  angle  for  about  half  the  pole  width. 
The  other  possible  brush  position  is  between  the  poles. 
In  this  case  one  armature  wire  must  go  straight  up  to 
get  into  the  neutral  zone,  while  the  other  must  go  over 
at  an  extreme  angle  the  distance  of  the  whole  pole-width 
and  a  little  more,  to  get  into  the  next  neutral  zone  be- 
tween the  poles.  The  point  is  that  the  electrical  opera- 
tion in  one  case  is  the  same  as  in  the  other,  and  special 
armatures  would  have  to  be  made  for  each  type.  There 
is,  however,  no  reason  why  all  such  machines  could  not 
have  the  center  of  the  pole  as  the  standard  main  brush 
position.  Regarding  what  latitude  this  would  give  the 
designer  and  wherein  he  would  have  a  chance  to  de- 
velop his  product,  variation  in  the  number  of  commuta- 
tor bars  would  still  be  permissible  if  the  diameter  were 
kept  the  same.  Variation  in  the  slots,  in  the  quality  of 
the  iron,  and  in  the  relation  of  field  ampere-turns  to 
armature  ampere-turns  would  still  be  possible,  so  that 
we  would  continue  to  have  machines  differing  somewhat 
in  electrical  performance.  Perhaps  some,  more  expertly 
designed,  would  have  better  commutation  and  therefore 
have  greater  brush-life. 

It  may  be  said  that  the  interchangeable  feature  for  an 
armature  would  have  little  value  if  the  electrical  charac- 
teristics were  not  identical  but,  according  to  my  experi- 
ence, this  is  not  the  case.  To  show  how  it  is  possible 
to  take  liberties  with  the  design  of  a  machine  and  still 
make  it  work,  while  in  charge  of  a  certain  service-station 
I  received  a  telegraphic  order  for  a  generator  to  be  sent 
to  a  tourist  in  Canada,  whose  machine  had  quit.  The 
machine  on  the  car  in  question  was  a  12-volt  generator, 
and  all  we  had  in  stock  was  a  6-volt  machine  of  the  same 
size.  This  was  modified,  so  far  as  protecting  its  field 
was  concerned,  by  installing  a  quickly  made  resistance 
unit,  equal  in  value  to  the  shunt-field  resistance.  The 
regular  6-volt  armature  w;as  used  for  this  12-volt  ma- 
chine, and  it  worked  all  right.  This  generator  came  back, 
in  about  6  months,  not  because  the  idea  was  not  all  right 
for  an  emergency,  but  because  the  resistance  unit  had 
been  mounted  inside,  where  it  did  not  cool  sufficiently, 
and  it  had  eventually  burned-out.  This  illustration  is 
an  extreme  case,  for  the  run  of  6-volt  armatures  do  not 
differ  nearly  so  much  as  was  true  in  this  instance. 

Any  car-owner  would  rather  have  an  armature  put 
in  that  charged  at  2  amp.  less,  than  wait  2  days  for  some 
other  kind.  Again  we  have  found  that,  even  if  one  arma- 
ture has  seven  turns  per  coil  and  another  nine  turns, 
they  can  be  interchanged  without  much  trouble.  Third- 
brush  adjustment  is  capable  of  giving  approximately 
the  same  results  in  either  machine.  If  the  armature 
with  few  turns  were  put  into  the  other  machine,  the 
brush  could  be  advanced  slightly;  if  the  opposite  were 
true,  the  brush  could  be  moved  back  somewhat.  It  is 
interesting  to  note  that  the  15  makes  of  car  that  are  in 
heaviest  production  all  use  generators  having  the  third- 
brush  method  of  regulation. 

About  150  kinds  of  generator  armature  must  be  kept 
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in  stock  at  present.  Many  of  these  armatures  are  so 
nearly  alike  that  careful  examination  is  needed  to  de- 
termine their  differences.  Two  of  these  made  by  one 
company  are  identical  except  that  the  diameters  of  the 
shaft-end  on  which  the  sprocket  goes  are  different.  It 
is  probable  that  when  the  sales  department  solicited  or- 
ders for  a  certain  machine  the  purchasing  agent's  reply 
was  to  the  effect  that  he  had  several  thousand  sprockets 
in  stock  that  could  not  be  used  on  the  department's  regu- 
lar machine,  but  that  the  same  generator  made  with  the 
shaft  size  to  suit  those  sprockets  would  secure  the  order. 
Thus  the  special  armature  came  to  be  made,  to  be  a  bur- 
den to  service-stations  ever-after. 

Assuming  that  we  could  equip  cars  at  present  with 
standardized  machines  only,  and  that  within  10  years 
the  present  cars  would  have  had  their  present  generators 
replaced  with  standardized  generators,  we  would  have 
reduced  the  number  of  types  of  armature  ;n  stock  from 
150  to  5.  Let  us  say  that  there  are  1500  electrical  ser- 
vice-stations that  are  carrying  at  least  a  full  set  of  arma- 
tures and  that  the  average  dealer's  price  on  these  is 
$10  each.  On  this  basis  we  have  a  minimum  investment 
of  $2,250,000.  Furthermore,  this  is  only  on  a  basis 
sufficient  to  take  care  of  one  customer  on  any  particular 
armature.  Now  if  we  assume  that  the  10-year  period 
of  readjustment  has  passed,  we  find  the  investment  re- 
duced to  $75,000,  a  difference  of  $2,175,000.  Not  only 
is  this  enormous  reduction  of  investment  possible 
throughout  the  Country,  but  any  small  battery  or  elec- 
trical station  having  $50  to  invest  can  acquire  a  stock 


of  five  armatures  that  will  take  care  of  any  job  that  may 
come  his  way.  At  present  such  a  thing  is  entirely  out 
of  the  question.  This  $2,175,000  represents  some  $130,- 
500  saved  in  interest.  If  we  take  Ray  Sherman's  figures 
of  10-per  cent  average  total  net-profit  as  being  just,  we 
find  that  a  business  of  $1,305,000  would  have  to  be  done 
to  accomplish  as  much.  Let  us  remember  that  these 
figures  are  based  on  generator  armatures  only,  no  motor- 
generators  or  starters  having  been  considered.  If  these 
also  could  be  standardized,  the  saving  could  be  more 
than  doubled.  The  calculation  was  made  on  a  basis  of 
only  one  armature  of  each  kind  in  stock,  whereas  most 
stations  carry  a  number  of  the  more  popular  types. 

It  is  impossible  to  measure  in  dollars  the  value  of  such 
a  condition  to  the  automotive  industry.  For  example, 
in  case  of  a  fire  or  a  strike  that  might  tie-up  a  large 
electrical  plant,  other  equipment  would  be  available  and 
might  even  be  secured  by  this  plant  to  satisfy  its  cus- 
tomers and  keep  its  business.  Again,  having  parts  avail- 
able in  all  regions  of  the  Country  instead  of  in  the  larger 
centers  only  should  give  such  satisfaction  to  car  users 
as  to  react  in  greatly  increased  sales  and  prosperity  for 
the  whole  industry.  There  is  no  great  agitation  in  the 
spark-plug  field  in  favor  of  150  different  types  of  thread 
instead  of  some  three  or  four,  or  any  agitation  in  favor 
of  150  different  types  of  plug  and  socket  for  lamp  fit- 
tings. We  have  two  types,  now,  and  that  is  one  too  many. 
Standardization  of  those  parts  has  not  cut  into  anyone's 
business,  but  has  made .  possible  increased  production, 
sales  and  profits. 


THE  EDUCATION  OF  ENGINEERS 


SCIENTIFIC  knowledge  is  not  the  only  ingredient  neces- 
sary for  the  making  of  an  efficient  engineer;  and  al- 
though knowledge  of  ascertained  fact  is  required,  and  in 
the  fullest  possible  measure,  in  order  that  it  may  be  employed 
as  a  basis  for  projected  designs,  the  knowledge  likely  to  be 
most  valuable  as  giving  clear  vision  in  these  respects  is  that 
full  comprehension  of  plain  physical  reality  which  enables 
a  man  to  form  a  reliable  prediction  as  to  the  probable  conse- 
quences of  a  proposed  action,  and  to  trace  backward  accu- 
rately from  an  observed  result  to  the  causes  of  which  it  is 
the  effect.  Engineering  deals  always  and  solely  with  actual 
physical  realities;  and  the  mathematics  of  engineering  must 
be  taught  and  studied  throughout  in  terms  of  physical  real- 
ity if  the  school  work  is  to  form'  a  suitable  foundation  upon 
which   the   real  education  of  an   engineer  may  be  built. 

The  activities  of  the  human  mind  may  be  classified  under 
three  broad  headings:  (a)  imitative,  (6)  interpretative  and 
(c)  originative.  Such  a  classification  is  already  recognized, 
tacitly,  at  least,  but  the  fatal  error  is  made  of  attempting 
to  apply  the  classification  to  individual  minds  instead  of  to 
the  activities  of  each  and  every  mind.  In  such  imitative 
work  as  the  manufacture  of  ordinary  sewing-needles  there 
is  wide  scope  for  the  exercise  of  both  the  originative  and 
interpretative  faculties.  In  the  essentially  interpretative 
work  of  the  ordinary  commercial  drawing-office  and  machine- 
shop  there  is  of  necessity  much  that  is  almost  purely  imita- 
tive, while  there  is  also  need  for  originative  ability  without 
in  any  way  encroaching  upon  the  preserves  of  design.  And 
in  the  originative  work  of  design,  administration  and  or- 
ganization there  is  inevitably  much  that  is  imitative,  and  also 
very  much  that  is  truly  interpretative. 


It  would  be  difficult,  if  not  impossible,  to  define  the  precise 
boundaries  between  any  two  of  these  fields;  and  it  would 
appear  unlikely  that  any  useful  purpose  would  be  served 
by  such  definition.  All  three  should  be  cultivated  and  devel- 
oped, with  equal  assiduity  and  care,  in  each  and  every  mind, 
for  all  three  are  of  equal  importance,  instead  of  endeavoring 
to  produce  here  and  there  a  few  minds  that  shall  give  out 
original  ideas  constantly  and  exclusively;  and  a  few  others 
that  shall  do  nothing  but  interpret  the  ideas  originated  by 
their  superiors;  while  the  main  bulk  are  left  to  wallow  in 
mere  imitation.  The  latter  course  has  been  followed  for  a 
long  time  and  is  now  obviously  found  wanting,  a  result  that 
is  not  surprising,  seeing  that  the  method  is  altogether  un- 
natural. 

It  is,  of  course,  true  that  the  higher  ranks  of  the  profes- 
sion are  concerned  with  originative  work  to  a  greater  extent 
than  are  the  lower  ranks;  and  that,  consequently,  personal 
progress  in  it  must  be  upward  from  work  that  is  mainly 
imitative  through  that  which  is  mainly  interpretative.  But 
no  argument  is  needed  to  show  that  every  individual  member 
of  it,  as  well  as  the  profession  as  a  whole,  would  benefit 
enormously  were  the  fact  recognized  and  made  clear  to  all 
that,  throughout  life,  the  three  faculties  are  all  of  equal 
importance  in  each  mind,  and  should  be  cultivated  and 
developed  with  equal  care;  that  work  which  is  apparently 
of  the  most  imitative  character  demands  the  exercise  of 
the  interpretative  and  originative  faculties  if  it  is  to  be  really 
well  done,  and  that  it  is  impossible  for  a  man  to  originate 
any  truly  good  project  unless  his  imitative  and  interpreta- 
tive faculties  be  thoroughly  keen  and  well  developed. — E.  G. 
Beck  in  Engineering    (London). 
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SINCE  the  authors  presented  a  paper  on  the  sub- 
ject that  included  the  test  results  of  only  three 
fuels,  the  number  of  fuels  investigated  has  been  in- 
creased to  14  and  several  improvements  have  been 
made  in  the  method  relating  to  the  manner  of  the  prep- 
aration of  the  equilibrium  solution  and  in  the  appa- 
ratus used  for  the  measurement  of  vapor-pressures. 

In  addition  to  describing  these  improvements,  the 
present  paper  includes  data  on  the  fuels;  a  series  of 
empirical  curves  from  which  it  is  possible  to  deter- 
mine, aided  by  the  data  from  the  distillation  curve, 
the  dew-points  of  non-aromatic  hydrocarbon  fuel ;  a 
table  showing  a  comparison  of  the  more  important 
properties  of  the  fuels;  and  definite  evidence  that  the 
85-per  cent  point  is  the  best  single  measure  of  the 
effective  volatility  of  a  motor-fuel,  from  a  standpoint 
of  distribution  and  crankcase  dilution. 

IN  a  previous  paper  entitled  Condensation  Tempera- 
ture of  Gasoline  and  Kerosene-Air  Mixtures3,  the 
authors  presented  a  new  method  for  the  measure- 
ment of  the  dew-points,  or  initial-condensation  tempera- 
tures, of  motor-fuels  when  mixed  with  air  in  various 
proportions.  At  that  time  the  experimental  work  had 
been  confined  to  three  fuels,  Socony  kerosene,  Socony 
gasoline,  and  an  artificially  prepared  high-end-point 
gasoline.  Since  then,  however,  the  number  of  fuels  in- 
vestigated has  been  increased  to  14,  much  of  this  work 
being  done  in  connection  with  the  cooperative  fuel  re- 
search program  conducted  jointly  at  the  Bureau  of  Stand- 
ards by  the  American  Petroleum  Institute  and  the  So- 
ciety of  Automotive  Engineers.  The  larger  number  of 
fuels  now  includes  specimens  ranging  in  volatility  from 
the  lightest  fighting-grade  aviation  gasoline  to  a  rather 
high-boiling  commercial  kerosene. 

Since  the  presentation  of  the  first  paper,  several  minor 
improvements  have  been  made  in  the  method,  chiefly  in 
the  apparatus  for  the  preparation  of  the  equilibrium 
solution  and  that  for  the  measurement  of  vapor-pressures. 
The  more  extensive  data  have  also  made  possible  the 
development  of  a  series  of  empirical  curves  from  which 
it  is  possible  to  determine  with  a  fair  degree  of  ac- 
curacy the  condensation  temperatures  of  an  ordinary 
motor-fuel  from  the  data  given  by  the  standard  dis- 
tillation-test. 

This  paper  contains  (a)  certain  modifications  and  im- 
provements in  the  method  developed  previously  by  the 
authors  for  preparing  equilibrium  solutions  and  the 
measurement  of  the  vapor-pressures  of  motor-fuels;  (b) 
data  on  the  effective  volatility  of  14  different  fuels,  cov- 
ering a  very  wide  range  of  volatility;  (c)  a  series  of 
empirical  curves  from  which  it  is  possible  to  determine 
the  dew-points  of  a  non-aromatic  hydrocarbon  fuel, 
aided  by  the  data  from  the  distillation  curve,  with  a  de- 


1  M.S.A.E. — Research  engineer,  research   laboratory,   Standard  Oil 
Co.,  Whiting,  Ind. 

2  Research  associate,  Massachusetts  Institute  of  Technology,  Cam- 
bridge. Mass. 

'See  The  Journal,  November,  1921,  p.  313. 


Pig.  1 — Automatic  Form  of  Apparatus  That  Has  Been  Developed 
for  the  Preparation  of  Equilibrium   Solutions 

gree  of  accuracy  sufficient  for  all  ordinary  purposes; 
(d)  a  table  showing  a  comparison  of  the  more  impor- 
tant properties  of  the  fuels  investigated;  and  (e)  defi- 
nite evidence  that  the  85-per  cent  point  is  the  best  single 
measure  of  the  effective  volatility  of  a  motor-fuel,  from 
a  standpoint  of  distribution  and  crankcase  dilution. 

Equilibrium-Solution   Preparation 

The  experimental  work  involved  in  the  determination 
of  condensation  temperatures  divides  itself  into  three 
steps:  (a)  the  preparation  of  a  mixture  known  as  the 
equilibrium  solution  and  which  has  the  same  composi- 
tion as  the  first  drop  of  liquid  that  would  condense  from 
the  dry  vapor  on  gradual  cooling;  (fr)  the  measurement 
of  the  vapor-pressures  of  this  solution  and  of  the  original 
fuel;  and  (c)  the  standard  Engler  distillation-test  on 
the  fuel.  The  last  operation  furnishes  the  data  from 
which  the  approximate  average  molecular  weight  is  de- 
termined. 

The  first  step  involves  the  distillation  of  the  fuel  under 
such  conditions  that  fresh  fuel  is  supplied  to  the  flask 
at  the  same  rate  at  which  the  vapor  is  being  condensed, 
the  distillation  being  continued  until  the  temperature 
becomes  constant  and  the  incoming  and  outgoing  liquids 
have  the  same  composition.  To  obtain  equilibrium  re- 
quires from  1H  to  3%  hr.  It  therefore  becomes  de- 
sirable to  construct  an  automatic  device  that  will  main- 
tain a  constant  level  in  the  distillation  flask,  and  elimi- 
nate the  necessity  of  the  continual  attention  of  an  opera- 
tor for  this  considerable  period  of  time.  Such  an  ap- 
paratus, shown  in  Fig.  1,  has  been  constructed  in  the 
laboratory  of  the  Massachusetts  Institute  of  Technology. 
The  apparatus  consists  of  a  distillation  flask  having  two 
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Fig.  2 — Another  Form  of  Apparatus  for  Preparing  Equilibrium  Solutions  at  the 

Left    and    at    the    Right    the    Vapor-Pressure    Bulb    with    a    Special    Form    of 

Capillary  Vacuum  Stopcock 


necks  supported  at  the  end  of  a  balance  beam.  As  the 
flask  rises,  due  to  the  boiling  away  of  some  of  the  liquid, 
the  valve  a  is  opened  and  admits  fresh  fuel.  The  escape 
of  vapors  through  the  supply  tube  is  prevented  by  the 
use  of  a  flexible  paper  diaphragm  shown  at  b.  In  prac- 
tice, the  operation  of  this  apparatus  was  very  steady, 
showing  no  tendency  to  admit  fuel  in  "slugs."  The  last 
portion  of  the  distillate  collected  after  the  equilibrium 
temperature   had   been   reached   gave   almost   identically 


*  See  Physikalische-Chemische,  Tabellen,  1920  edition. 
1  See   Properties   of    Saturated   and   Superheated   Steam,  bv   L. 
Marks  and  H.  M.  Davis,  1909. 

Boiling  Pomt,deg.fahr. 
176      12ll      248     284     320 


428 


"90-      154      219      284     349     414      478      543      608     673      738     802 
Boiling  Point, deg. cent. 

Fia.    3 — Relation   between    the    Molecular   Weight    and   the 
Boiling-Points    for    Saturated    Paraffin    Hydrocarbons 


the  same  distillation-curve  as  the  original  fuel,  provided 
care  was  taken  to  condense  the  vapors  completely.  The 
use  of  the  two-necked  flask  was  resorted  to  to  avoid  the 
fractionating  effect  of  the  incoming  cold  fuel  on  the  hot 
vapors,  and  also  to  simplify  the  construction  of  the 
apparatus. 

A  second  apparatus  also  has  been  devised,  as  shown 
at  the  left  in  Fig.  2.  In  this  scheme  also  the  two-necked 
flask  is  again  used,  coupled  with  the  condenser  used  in 
the  standard  distillation-test.  The  rate  of  feed  of  fresh 
fuel  is  controlled  by  the  manually  operated  stopcock,  c. 
It  has  been  found  that  this  arrangement  requires  the 
attention  of  the  operator  but  once  in  every  10  to  15  min. 
The  use  of  the  oil  heating-bath  has  been  discontinued  in 
both  cases,  as  a  properly  shielded  direct  gas-flame  gives 
much  steadier  operation  and  less  bumping. 

Most  of  the  equilibrium  solutions  used  in  the  follow- 
ing measurements  were  prepared  in  this  latter  type  of 
apparatus  and,  in  each  case,  the  last  sample  of  distillate 
was  found  to  correspond  very  accurately  with  the  origi- 
nal fuel.  It  also  has  been  found  unnecessary  to  distill 
off  more  than  twice  the  volume  of  the  liquid  in  the  flask 
after  a  constant  temperature  has  been  reached.  Indeed, 
samples  of  the  distillate  collected  but  a  few  minutes  after 
the  equilibrium  temperature  had  been  attained  agreed 
very  closely  in  composition  with  that  of  the  original  fuel. 

Vapor-Pressure  Measurement 

Only  one  important  modification  has  been  made  in  the 
apparatus  employed  in  the  measurement  of  vapor-pres- 
sures. This  consists  in  the  employment  of  a  specially 
constructed  capillary  vacuum  stopcock,  d,  at  the  top  of  the 
vapor-pressure  bulb;  the  bulb,  as  used  at  present,  being 
shown  at  the  right  in  Fig.  2.  To  make  sure  that  this  ap- 
paratus was  giving  reliable  results,  vapor-pressure  deter- 
minations of  several  pure  compounds  were  made ;  namely, 
benzol,  water  and  absolute  ethyl  alcohol.  These  deter- 
minations were  found  to  agree  within  1.0  deg.  cent. 
(1.8  deg.  fahr.)  with  the  data  given  in  Landolt-Born- 
stein4  and  in  Marks'  and  Davis'  steam  tables5.  An  addi- 
tional check  on  the  accuracy  of  the  vapor-pressure  meas- 
urements is  afforded  by  the  fact  that  the  curves  pass 
through  the  point  of  equilibrium  temperature  at  a  pres- 
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sure  of  760  mm.   (29.92  in.)   of  mercury. 

A  rather  serious  difficulty  lies  in  the  presence  of  com- 
paratively large  amounts  of  air  dissolved  in  the  liquid 
hydrocarbons.  A  rather  novel  method  of  correcting  for 
this  error  has  been  devised  by  H.  T.  Tizard  and  A.  G. 
Marshall.  It  is  described  in  their  recent  report  on  the 
Measurement  of  Vapor-Pressures  of  Hydrocarbon  Fuels6. 
However,  their  method  is  rather  tedious  in  its  manipu- 
lation, and  the  authors  have  found  that,  by  cooling  the 
vapor-pressure  bulb  to  about  20  deg.  below  zero  cent. 
(4  deg.  below  zero  fahr.)  by  using  ice  and  calcium 
chloride,  and  evacuating  to  a  pressure  of  about  1  mm. 
(0.039  in.)  of  mercury  with  constant  agitation  of  the 
apparatus,  practically  all  of  the  dissolved  air  can  be  ex- 
pelled from  the  liquid  with  an  entirely  negligible  loss 
of  the  volatile  constituents  of  the  gasoline.  The  last 
traces  are  then  swept  out  by  allowing  the  temperature  to 
rise  until  a  very  small  amount  of  the  liquid  has  been 
boiled  off  under  low  pressure. 

The  foregoing  method  gives  results  of  sufficient  ac- 
curacy for  ordinary  work.     It  is  not  to  be  recommended, 


17? 158 


194 


Average  Boiling  Point  deg  fahr. 
230        766        302        338       374 


410 


446       482 


90 


110 


130        150        no        190 
Average  Boiling  Poinf,deg.cent 


210 


230        250 


Fig.    4 — Curves    Showing    the    Relation    between    the    Partial 
Pressures    of    Fuels    in    Various    Mixtures    and    the    Average 
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however,  for  work  where  the  vapor-pressures  are  small, 
say  below  10  mm.   (0.394  in.)   of  mercury. 

Average  Molecular-Weight  Determination 

The  method  used  by  the  authors  in  determining  the 
approximate  average  molecular  weights  of  the  fuels  for 
use  in  calculating  partial  pressures  is  explained  fully 
in  their  previous  article'.  The  accompanying  curve, 
Fig.  3,  is  used  for  determining  the  molecular  weights 
corresponding  to  the  average  boiling-points  obtained 
from  the  differential  distillation-curves.  The  authors 
hope  to  replace  this  by  a  direct  determination  of  mole- 
cular weight,  although  the  errors  introduced  by  the  above 
easy,  though  approximate,  method  do  not  affect  the  con- 
densation temperature  by  more  than  2.0  deg.  cent.  (3.6 
deg.  fahr.). 

Partial-Pressure  Calculation 

The  partial  pressures  of  the  various  fuels  in  mixtures 
with  air  were  calculated  after  the  following  method  for 
gasoline  with  an  average  molecular  weight  of  114  in  a 
12  to  1  mixture  at  a  pressure  of  1  atmosphere. 

Partial  pressure  =  1/114  -r-  (1/114  +  12/29)  X  760  mm. 
(29.92  in.)  =  15.9  mm.   (0.626  in.) 


6  See  Journal  of  the  Institution  of  Petroleum   Technologists,  vol.  S. 
No.   31,  p.   217 

'See  The  Journal.  November.  1921.  p.  313. 
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Fig.  5 — Distillation  Curves  of  the  14  Fuels  Tested 

A  chart  has  been  constructed  for  convenience  in  use, 
shown  in  Fig.  4,  in  which  the  partial  pressures  of  fuels 
in  various  mixtures  have  been  plotted  against  their 
average  boiling-points. 

Fuels  Investigated 

As  stated,  the  present  paper  embraces  14  fuels,  in- 
cluding two  of  those  covered  by  the  original  article. 
The  results  previously  reported  on  the  first  fuel  that 
was  run,  Socony  kerosene,  have  been  found  erroneous, 
apparently  due  to  failure  to  remove  all  the  air  from  the 
flask  or  to  leakage  through  the  ordinary  stopcock  used 
at  that  time.  The  work  on  this  fuel  has  accordingly  been 
repeated,  although,  unfortunately,  not  enough  of  the 
original  sample  was  at  hand.  The  new  sample  that  was 
procured,  while  corresponding  closely,  was  not  identical 
with  the  original  fuel.  The  results  on  this  second  sam- 
ple are  recorded  under  the  heading  "Socony  Kerosene, 
Second  Sample."  The  distillation  curves  of  the  14  fuels 
are  given  in  Fig.  5,  and  the  fuels  themselves  may  be 
identified  as  follows: 

(1)  Socony  Kerosene — -A  domestic  kerosene  marketed 
in  New  England  by  the  Standard  Oil  Co.  of  New 
York;    procured    in    a    service-station    in    Boston 
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Fig.    6 — Curves    Showing    How    the    Initial-Condensation    Tem- 
peratures of  the  Different  Fuels  Vary  with  Changes   in  the 
Total  Pressure 
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(2)  Perfection  Kerosene — A  domestic  kerosene  mar- 
keted in  the  Middle  West  by  the  Standard  Oil  Co. 
of  Indiana;  sample  supplied  in  1921  by  the  Wau- 
kesha Motor  Co. 

(3)  High-Boiling  Kerosene — A  sample  of  domestic 
kerosene  procured  at  the  Bureau  of  Standards, 
City  of  Washington ;  origin  unknown 

H'l)  Socony  Gasoline — A  motor  gasoline  marketed  in 
New  England  by  the  Standard  Oil  Company  of 
New  York  in  1921,  and  procured  from  a  service- 
station  in  Boston 

(5)  Rid  Crown  Gasoline — A  motor  gasoline  marketed 
in  the  Middle  West  by  the  Standard  Oil  Co.  of 
Indiana;  sample  supplied  in  1921  by  the  Wau- 
kesha Motor  Co. 

(6)  "High-End-Point"  Gasoline — Socony  gasoline  to 
which  was  added  25  per  cent  of  the  first  50-per 
cent  cut  from  distilling  Socony  kerosene 

(7)  to  (10)  Four  Fuels  of  Varying  Volatility: — Sam- 
ples of  fuels  used  for  road  tests  carried  on  at 
the  Bureau  of  Standards,  City  of  Washington, 
under  the  cooperative  fuel  research  program 
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(11)  "Special-Blend"  Gasoline  —  An  artificial  blend 
prepared  in  the  laboratory  to  have  a  wider  dis- 
tillation range,  but  the  same  average  boiling- 
point,  as  fuel  C  in  test  No.  9 

(12)  Fractionated  Gasoline — A  product  obtained  by 
distilling  fuel  B  in  test  No.  8  through  a  fraction- 

TABLE  1 — DEW-POINTS  FOR  A  12  TO  1  MIXTURE 
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ating  column,  and  retaining  that  portion  coming 
over  between  100  and  200  deg.  cent.  (212  and 
392  deg.  fahr.) 

(13)  Domestic-Grade  Aviation-Gasoline — A  sample  ob- 
tained early  in  1922  from  McCook  Field,  Dayton, 
Ohio 

(14)  High-Volatility  Aviation-Gasoline — A  sample  of 
a  special  aviation  gasoline  obtained  at  the  Bureau 
of  Standards,  City  of  Washington 

Results  of  Experiments 

The  results  of  the  tests  on  the  above  fuels  are  pre- 
sented in  graphic  and  tabular  form  and  are,  for  the  most 
part,  self-explanatory.  Fig.  6  shows  the  variation  of 
the  initial-condensation  temperatures  of  the  various 
fuels  with  different  total  pressures.  Two  curves  are 
shown  for  each  fuel,  the  upper  one  representing  a  12  to  1 
mixture  and  the  lower  one  a  15  to  1  mixture.  Similarly, 
Fig.  7  gives  the  approximate  temperatures  of  partial 
condensation  for  the  different  fuels  at  atmospheric  pres- 
the  true  condensation-temperature  for  paraffin  hydro- 
sure.  As  in  the  preceding  case,  the  upper  line  represents 
the  12  to  1  mixture. 

It  was  pointed  out  in  the  previous  paper'  by  the  authors 
that,  for  the  three  fuels  tested,  the  average  boiling-point 
of  the  equilibrium  solution  approximated  that  of  the  85- 
per  cent  point  of  the  original  fuel.  It  also  appeared 
that  by  subtracting  135  deg.  cent.  (275  deg.  fahr.)  from 
the  85-per  cent  point,  it  would  be  possible  to  approxiw 
carbon  fuels.  While  such  a  rule  could  not  be  expected  to 
hold  with  great  precision  for  fuels  of  widely  different 
boiling-point  or  width  of  cut,  its  convenience  for  many 
practical  purposes  was  so  great  that  one  of  the  main 
objects  of  the  work  on  the  14  fuels  was  to  determine 
whether  any  such  generalization  could  be  drawn  for  a 
wider  variety  of  motor-fuels.  With  this  end  in  view, 
the  dew-points  of  the  various  fuels  were  plotted  against 
several  points  taken  from  the  distillation  curves,  namely, 
the  50,  70,  80,  85,  90  and  95-per  cent  and  dry  points,  and 
also  against  the  equilibrium  temperatures  observed  in 
preparing  the  equilibrium  solution.  The  results  are 
shown  in  Table  1. 

It  was  found  that,  in  general,  the  relationship  between 
the  dew-points  of  the  various  fuels  and  any  of  the  above 
points  on  their  distillation  curves  could  be  approximated 
roughly  by  a  representative  straight  line,  but  that  the 
average  deviation  of  individual  observations  was  very 
large  in  the  case  of  the  50-per  cent  or  end-points,  while 
plotting  against  the  85-per  cent  points  gave  the  most 
concordant  results,  the  average  deviation  being  only  2.9 
deg.  cent.  (5.2  deg.  fahr.).    In  Table  1  are  given  the  aver- 


'  See  The  Journal,  November,  1921,  p.  313. 


age  and  the  maximum  temperature  deviations  when  the 
dew-points  are  plotted  against  the  various  distillation 
temperatures.  In  Fig.  8  are  shown  the  initial-condensa- 
tion temperatures  for  12  to  1  mixtures  plotted  against  the 
85-per  cent  points  and  the  equilibrium  temperatures  in 
degrees  centigrade.  The  horizontal  lines  joining  pairs  of 
points  indicate  the  differences  in  temperature  between 
the  85-per  cent  points  and  the  equilibrium  temperatures. 
Four  points  are  also  added  to  represent  the  calculated 
dew-points  of  four  pure  paraffin  hydrocarbons,  and  the 
approximate  agreement  of  even  these  "perfectly  fraction- 
ated" fuels  indicates  the  fundamental  validity  of  the  re- 
lationship found  for  the  various  commercial  fuels. 

It  will  also  be  noted  that,  while  the  rule  of  subtracting 
135  deg.  cent.  (275  deg.  fahr.)  from  the  85-per  cent 
point  is  approximately  correct  for  the  average  motor- 
fuel,  it  varies  consistently  between  160  deg.  cent.  (320 
deg.  fahr.)  for  high-boiling  kerosenes  to  110  deg.  cent. 
(239  deg.  fahr.)  for  very  volatile  aviation-gasoline. 
The  simplest  method  of  determining  the  correct  value 
is,  however,  to  determine  the  85-cent  point  of  the  fuel 
and  then  refer  to  Fig.  9. 

Rather  surprisingly,  the  accuracy  with  which  the  dew- 
point  may  be  determined  from  the  85-per  cent  point  of 
the  ordinary  distillation  curve,  appears  to  be  fully  as 
good  as  when  it  is  found  by  determining  the  equilibrium 
boiling  point  by  the  recommended  method.  In  other 
words,  it  is  apparently  not  worth  w-hile  to  prepare  the 
equilibrium  solution  unless  it  is  to  be  used  for  accurate 
vapor-pressure  measurements  as  described  by  the  authors. 
The  determination  of  the  equilibrium  boiling  point  is, 
however,  a  simple  matter,  and  the  value  for  the  dew- 
point  found  by  referring  to  the  upper  line  in  Fig.  8  is 
a  valuable  check  on  that  determined  from  the  85-per  cent 
point  by  referring  to  the  lower  line  in  the  same  illus- 
tration. The  average  of  the  two  should  be  correct  within 
2  or  3  deg.  cent.  (3.6  or  5.4  deg.  fahr.). 

One  important  corollary  of  the  relationship  between  the 
85-per  cent  point  and  the  dew-point  is  that,  in  increas- 
ing the  yield  of  motor-fuel  by  a  closer  fractiona- 
tion of  the  crude,  if  a  fractionated  fuel  is  to  have  the 
same  effective  volatility  as  another  fuel  made  by  sample 
distillation,  it  should  be  made  to  have  the  same  85-per 
cent  point,  and  hence  a  lower  end-point,  rather  than  try- 
ing to  crowd  in  everything  possible  below  the  same  end- 
point.  This  fact  is,  of  course,  tacitly  recognized  by  the 
increasing  emphasis  on  the  90-per  cent  point  in  motor- 
fuel  specifications.  This  is  practically  as  good  as  an 
85-per  cent  point  specification,  and  certainly  far  better 
than  the  over-emphasized  end-point. 

The  results  of  all  the  experimental  work  to  date  have 
been  summarized  in  Table  2. 
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Research  Foundation  for  the  Economic 
Theory  of  Highway  Improvement 


By  W.  K.  Hatt1 


AT  the  meeting  of  the  Society  of  Automotive  Engi- 
neers at  West  Baden,  Ind.,  a  joint  committee  of 
automotive  and  highway  engineers  was  author- 
ized to  study  the  mutual  relations  of  the  vehicle  and  the 
road.  Since  that  time  the  need  for  scientifically  deter- 
mined data  has  been  growing,  not  only  as  a  basis  for 
mechanical  relations,  but  as  a  guide  to  wise  legislation. 
Men  seem  unanimously  in  favor  of  research  in  general, 
and  any  proposal  for  attack  upon  the  outstanding  prob- 
lems through  research  methods  is  received  with  approval. 
However,  to  organize  the  proposed  research,  to  secure  the 
resources  for  its  prosecution  and  to  find  available  men 
for  the  actual  operations  is  not  so  easy. 

But  lying  back  of  even  these  preliminaries  is  a  common 
understanding  of  the  objectives  of  such  research  and  a 
mutually  agreed  upon  allocation  of  the  fields  of  operation. 
There  is  an  inertia  to  human  mentality,  and  such  com- 
mon understanding  and  purpose  apparently  requires 
growth  in  time.  Happily,  the  automotive  and  the  high- 
way engineers  have  joined  together  for  the  purpose  of 
fruitful  research.  At  a  meeting  in  New  York  City  not 
long  ago,  attended  by  representatives  of  the  automotive 
engineers,  the  highway  engineers,  and  the  motor-vehicle 
builders,  an  understanding  was  reached  on  the  following 
outline  of  necessary  research  which  was  designated  as  a 
program  upon  which  efforts  would  be  concentrated. 
Activities  in  this  program  are  not  academic,  but  vital  to 
the  treatment  of  grave  questions  now  pressing  upon  the 
public  mind. 

RESEARCH    FOR  THE   AUTOMOTIVE   ENGINEER 

By  laboratory  tests  to  determine 

( 1 )  Fuel,  oil  and  grease  consumption  and  power 
development  of  the  vehicle,  and  from  these 
to  calculate  the  performance  on  various  sur- 
faces and  grades  and  the  excess  power  for 
moving  trailers.  (See  Bulletin  of  Michigan 
State  Highway  Department  on  Experiments 
by  Prof.  W.  E~.  Lay.) 

(2)  To  study  the  effect  of  improved  grades  on 
the  design  of  the  powerplant  of  the  vehicle 

(3)  To  consider  the  design  of  the  vehicle  to  im- 
pose on  the  road  the  minimum  loads  for  spec- 
ified capacities  of  vehicle 

(4)  To  study  the  lighting  system  of  automobiles 
with  a  view  to  safety  and  the  mechanisms 
indicating  intentions  of  the  driver 

RESEARCH    FOR    THE    HIGHWAY    ENGINEERS 

(1)  To  find  rolling  and  air  resistance  of  motor  vehicles 
at  various  loadings  and  speeds  on  types  of  road 
surfaces  and  curves;  limit  of  adhesion 

(2)  To  determine  the  loads  imposed  on  road  surfaces 
by  various  vehicles,  with  various  tire  equipment 
at  various  speeds 

(3)  To  discover  the  stresses  and  strains  acting  in 
various  road  surfacings  under  the  expected  loads 
and  the  properties  and  improvements  of  subsoils 

(4)  To  determine  the  capital  and  maintenance  costs 
resident  in  the  road 

'Director  of  the  advisory  board  on  highway  research.  National 
Research  Council,  City  of  Washington. 


(5)  To  determine  the  laws  governing  the  increase  of 
highway  traffic  by  basic  surveys  of  flow  of  traffic 
in  typical  regions 

RESEARCH    FOR   NATIONAL    AUTOMOTIVE   CHAMBER    OF    COM- 
MERCE AND  AUTOMOBILE  ASSOCIATIONS 

( 1 )  To  assign  schedule  cards  to  a  selected  group  of, 
say,  200  passenger  drivers  for  each  condition,  to 
obtain  operating  expenses  on  the  average  for 

(a)  Three  classes  of  car 

(b)  Regional  conditions 

Macadam  and  gravel  roads 
Dirt  roads 
Paved  roads 

(c)  Topography 

Level 
Hilly 

(2)  To  study  records  of  truck  and  passenger  bus  fleets 
to  obtain  similar  data 

LOCATING    HIGHWAY   ENGINEER 

Given,  the  road  resistance,  the  power  available  at  the 
wheels,  the  speeds,  the  fuel,  oil  and  grease  con- 
sumption, the  tires,  the  repairs,  the  driver's  time, 
the  depreciation,  the  overhead,  and  the  expected 
traffic 

To  find  the  relation  between  the  capital  costs  of  the 
construction  and  operating  expenses  on  roads  of 
various  surfaces  and  grades,  length  and  rate 

FEDERAL    AGENCIES 

( 1 1  To  study  the  movements  of  commodities  and  pas- 
sengers by  the  highway  and  the  railroads  in  the 
interest  of  coordination  of  transport 

(2)  To  study  the  financing  of  highway  improvements 
in  the  light  of  experience  and  science  in  related 
fields  of  the  financing  of  public  improvements 

(3)  To  study  the  effect  of  highway  improvemets  on 
regional  industries 

(4)  To  study  the  effect  of  highway  improvements  upon 
the  general  productivity  of  men  and  industries 

ADVISORY    BOARD    ON    HIGHWAY    RESEARCH 

To  evaluate  the  progress  in  the  several  fields  of  high- 
way research  by  an  analysis  of  completed  and 
current  projects;  to  outline  needed  researches;  to 
assist  existing  organizations  to  correlate  their 
work  in  the  light  of  a  comprehensive  program; 
and  to  publish  bulletins  of  information  on  methods 
and  technique  of  research,  and  on  progress  in  the 
several  fields 

It  will  be  noticed  that  in  this  program  the  usual  ex- 
periments on  road  resistance  have  been  definitely  divided 
as  between  the  automotive  and  the  highway  engineer. 
This  proposal  is  the  result  of  a  gathering  held  at  the 
National  Research  Council  in  the  City  of  Washington  on 
July  14,  1922,  at  which  the  following  report  was  adopted: 

TRACTIVE  RESISTANCE   OF    MOTOR  VEHICLES 

Rolling-Resistance  is  the  resistance  to  translation 
arising  from  the  interaction  of  the  road  and  the  ve- 
hicle, but  excluding  the  resistances  in  the  engine  and 
transmission  system. 
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Explanatory  Note.  —  As  ordinarily  measured, 
this  includes  wheel-bearing  resistance,  which  in 
the  case  of  well-conditioned  cars  should  not  ex- 
ceed 5  lb.  per  ton.  Rolling-resistance  by  the 
definition  also  includes  the  resistance  in  the 
framework  and  spring-suspension  system  of  the 
vehicle  arising  from  the  road.  Rolling-resistance 
as  measured  contains  various  degrees  of  impact 
and  road  displacement  effects  depending  upon 
the  condition  of  the  road  and  the  design  of  the 
vehicle.  The  resistance  due  to  the  horizontal 
curvature  of  the  road  should  be  measured  in  the 
experiments. 

Note. — It  is  the  purpose  of  the  tests  of  rolling- 
resistance  to  determine  the  force  at  the  rear  axle 
or  the  tire  periphery  necessary  to  move  the  ve- 
hicle, as  conditioned  by  the  road  surface,  the  type 
of  road,  the  tire  equipment,  the  class  and  the 
weight  of  the  vehicle,  etc. 

Air-Resistance  is  the  resistance  arising  from  the 
relative  velocity  of  the  air  and  the  vehicle. 

Explanation. — Ordinarily  this  resistance  is  in- 
cluded in  the  tested  resistance,  and  should  be  sub- 
tracted to  obtain  the  rolling-resistance.  Investi- 
gations are  needed  to  determine  the  law  and  the 
coefficient  of  this  resistance  for  various  vehicles. 

Rolling  and  air-resistances  are  those  resistances  de- 
termined when  a  vehicle  is  towed  with  the  power  trans- 
mission mechanism  disconnected  from  the  driving- 
wheels.  However,  the  difference  between  a  self-oper- 
ated and  a  towed  vehicle  in  respect  to  tire  losses  and 
slipping  may  make  some  difference  in  results,  especially 
at  high  speeds. 

Note. — Having  the  rolling  and  the  air-resist- 
ance, it  becomes  the  function  of  the  automotive 
engineer  to  design  an  efficient  vehicle  to  furnish 
power  for  economical  transportation  over  various 
alignments. 

Transmission-System  Resistance  is  the  force  re- 
quired at  the  rear  axle  or  the  tire  periphery  to  over- 
come all  internal  resistance  from  the  clutch  to  the  rear 
axle. 

The  transmission-system  resistance  depends  upon  the 
gear-ratio  in  mesh  and  the  power  transmitted,  as  well 
as  upon  other  conditions,  such  as  the  speed,  the  tem- 
perature of  the  lubricant,  etc.  These  losses  are  best 
determined  in  the  laboratory. 

Engine  Resistance  is  the  force  required  at  the  rear 
axle  or  the  tire  periphery  to  overcome  the  resistance 
of  the  engine,  including  the  cooling  system,  fan  and 
accessories. 

Engine  resistance  depends  upon  the  operation  of 
the  engine  as  regards  the  throttle  opening,  the  speed, 
the  temperature  and  the  mechanical  condition  of  the 
engine.  These  resistances  are  best  determined  in  the 
laboratory. 

Equipment  and  Instruments. — Rolling  and  air-resist- 
ance should  be  measured  for  basic  types  of  motor  ve- 
hicle and  of  tractor.  For  purposes  of  comparison  of 
the  economy  of  types  of  road,  expressed  in  fuel-con- 
sumption, the  time  of  translation  and  other  costs  of 
maintenance  of  the  vehicle  and  the  road,  the  rolling- 
resistance  should  be  measured  to  an  accuracy  within 
5  per  cent. 

The  present  state  of  the  art  indicates  that  at  low 
speeds  up  to  10  m.  p.  h.  a  traction  dynamometer  of  the 
liquid-pressure  type,  or  a  space-time  recorder,  is  con- 
sidered best  fitted.  At  higher  speeds,  a  space-time  re- 
corder, or  a  U-tube  accelerometer,  is  most  satisfactory. 
New  instruments  should  be  investigated,  especially  the 
torsion  dynamometer. 

Tests  should  be  made  of  the  adhesion  of  the  tires 
to  the  road  surfaces  under  running  conditions  to  deter- 
mine safety  against  skidding  under  various  conditions 


of  brake  and  tire  equipment  and  road.     The  use  of  an 
accelerometer  with  locking  of  brakes 'is   recommended. 

Relation  of  the  Automotive  to  the  Highway  Engineer 

The  automotive  engineer  needs  data  on  the  rolling 
and  air-resistances  rather  than  data  on  the  gasoline 
consumption  from  road  tests,  since  the  latter  depend 
upon  the  individual  characteristics  of  the  vehicle  used, 
the  carbureter,  the  habits  of  the  driver,  etc.  Having 
the  power  factors,  the  automotive  engineer  will  design 
the  plant  to  furnish  the  power  required. 

From  the  standpoint  of  the  highway  engineer,  a 
problem  like  the  following  is  set: 

A  reduction  in  the  grade  of  4  ft.  will  reduce 
the  amount  of  energy  required  by  8,000  ft-lb. 
What  will  this  be  worth  in  the  saving  of  gaso- 
line and  the  other  operating  expense  for  the  traf- 
fic considered?  Will  the  solution  be  for  cars  as 
at  present  built,  or  for  cars  using  the  roads  15 
years  from  now?  The  mutual  relation  of  the 
highway  and  the  vehicle  is  expressed  in  the  ef- 
fect of  low  grades  on  changes  in  the  engine  de- 
sign and  the  power  requirements  of  the  car. 
Inasmuch  as  the  large  expense  of  highway  trans- 
portation is  in  the  expense  of  operation  of  trans- 
portation rather  than  in  the  fixed  charges  and 
the  maintenance  of  the  road,  the  investigation  of 
the  costs  of  operation  of  traffic  is  particularly 
needed. 

The  fuel  cost  and  time  required,  as  affected  by  the 
type  and  the  design  of  the  surfaces  and  the  grades,  are 
measurable  by  experimental  methods,  and  the  depre- 
ciation of  the  vehicle  and  the  other  maintenance  costs 
should  be  evaluated  from  a  study  of  the  statistics  of 
motor  vehicles  obtained  in  actual  operation. 

In  other  words,  it  is  considered  practicable  to  deter- 
mine the  road  performance  of  the  vehicle  from  tests 
made  in  the  laboratory  combined  with  data  on  the  rolling 
and  the  air-resistance.  It  appears  that  the  available  data 
from  the  several  investigations  of  rolling-resistance  will 
define  the  limits  of  this  resistance  for  the  various  classes 
of  road  with  a  sufficient  degree  of  accuracy  for  the  pur- 
pose in  view. 

The  subjects  listed  in  (2)  and  (3)  under  the  heading 
Research  for  the  Automotive  Engineer  will  no  doubt 
suggest  that  there  will  be  opportunity  for  productive 
research  in  these  fields  for  some  time  to  come.  A  study 
of  the  lighting  systems  of  automobiles,  mentioned  in  (4), 
cannot  be  delayed  if  current  legislation  is  to  be  based 
upon  physics  rather  than  on  ideas. 

The  highway  engineers  have  planned  to  carry  out 
item  (2)  in  their  section  of  the  program  in  the  early 
summer  months.  It  is  the  opinion  of  some  that  data  on 
item  (3)  have  accumulated  to  such  an  extent  that  the 
services  of  the  analyst  are  needed  more  than  further  ex- 
periments of  large  magnitude.  Data  of  maintenance 
costs,  item  (4),  are  largely  wanting.  With  reference 
to  (5)  the  laws  governing  the  increase  of  highway  traf- 
fic should  be  known  for  a  wise  planning  of  road  de- 
velopment. The  only  study  of  outstanding  quality  and 
quantity  is  that  by  Dean  A.  N.  Johnson,  of  the  University 
of  Maryland,  covering  the  development  of  traffic  in  Mary- 
land. 

I  understand  that  the  American  Automobile  Associa- 
tion is  cooperating  with  the  committee  on  the  economic 
theory  of  highway  improvement  of  the  National  Re- 
search Council  in  an  endeavor  to  obtain  average  values 
of  the  operating  expense  of  passenger  cars. 

The  remaining  sections  of  the  program  of  research 
contain  titles  that  define  general  research  of  a  more 
difficult  character,  but  the  outcome  of  which  would  be 
basic  in  highway  development. 
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THE  reconstruction  period  since  the  war  has  served 
to  establish  aviation  as  an  essential  arm  of  both 
the  military  and  the  naval  forces  of  the  Government. 
This  in  itself  is  a  real  accomplishment.  But  for  sev- 
eral reasons  the  airplane  industry  has  not  performed 
the  service  that  was  expected  of  it  and  has  not  re- 
ceived the  support  that  is  necessary  for  its  existence. 
Although  the  expense  is  great,  the  development  of 
aviation  through  the  facilities  at  McCook  Field  and  at 
the  Naval  Aircraft  Factory  has  been  hampered  by 
red-tape  and  by  the  fact  that  the  personnel  of  the 
Government  agencies  are  at  the  same  time  the  judges 
of  new  developments  and  the  competitors  of  the  engi- 
neers in  the  industry.  The  result  is  a  feeling  of  reti- 
cence among  civilian  engineers  with  regard  to  dis- 
closing and  developing  new  ideas,  the  retarding  of  the 
advancement  of  service  types,  and  slow  deliveries.  Al- 
though several  companies  at  the  close  of  the  war  were 
well  equipped  to  produce  airplanes  cheaply  and  effi- 
ciently, these  gradually  have  been  driven  out  of  exis- 
tence and  their  places  have  been  taken  by  smaller  or- 
ganizations that  depend  solely  on  casual  orders  which 
return  small  profits. 

Competitive  bidding  has  resulted  in  delay  to  the 
Government  and  loss  to  the  manufacturer;  in  some 
instances  bids  have  been  asked  on  machines  that  had 
not  been  sufficiently  developed  to  allow  the  Govern- 
ment to  furnish  blueprints,  design  data  or  a  bill  of 
material.  The  safety  of  the  Nation  is  predicated  on  a 
dependable  source  of  supply  of  equipment,  especially 
aircraft.  An  important  function  of  the  Government, 
therefore,  is  to  see  that  the  engineering  and  production 
data  are  complete,  uptodate  and  practical.  This  is 
not  usually  the  case,  the  contractor  being  depended 
upon  to  complete  and  correct  the  data;  and  an  unfore- 
seen loss  of  time  and  money  has  been  entailed.  Early 
development  of  the  art  of  aviation  was  due  to  the  genius 
of  a  few  men,  but  the  development  of  the  future  will 
be  by  organization,  with  specialists  in  every  line;  the 
production  of  the  world's  fastest  airplane  at  the  races 
in  Detroit  is  a  case  in  point.  Confusion  has  arisen 
through  the  custom  of  ordering  new  types  in  small 
quantities  and  of  depending  on  competitive  bidding  for 
the  further  supply,  on  the  assumption  that  when  once 
completed  the  article  was  "commercial"  and  not  pro- 
prietary. 

The  suggestion  is  made  that  the  experimental  work 
and  the  subsequent  developments  be  confined  to  the 
same  organization,  with  provision  for  production  in 
large  quantities  in  time  of  war.  The  Government's 
problem  should  be  the  selecting  of  airplanes  for  train- 
ing and  operating,  and  the  guiding  of  the  industry  in 
developing  such  designs.  Engineering  and  production 
should  go  hand-in-hand.  Government  subsidies,  such  as 
are  customary  in  other  countries,  are  not  needed  yet 
but  production  must  be  encouraged  through  the  supply 
of  Government  equipment.  Particular  types  of  air- 
plane should  be  considered  proprietary,  but  the  Govern- 
ment should  be  free  to  purchase  any  design  at  any 
time  in  any  stage  of  advancement  and  place  it  by 
competition  or  assignment  with  recognized  units  in  the 
industry. 

Cross-licensing,   originated   as   a   war   concession   by 


1  Vice-President,  Curtiss  Aeroplane  &  Motor  Corporation,  Buffalo. 


patent  owners,  has  had  the  effect  of  causing  some  per- 
sons to  feel  that  any  airplane  should  be  purchased  by 
open  competitive  bidding.  But  this  agreement  did  not 
contemplate  encouraging  one  manufacturer  to  use  an- 
other's design  or  standardizing  construction  so  that  it 
could  be  used  by  all.  Competitive  bidding  should  be 
used  only  when  a  producer  has  been  found  incompe- 
tent or  unwilling  to  furnish  his  product  at  a  reason- 
able price  under  reasonable  conditions.  Considering 
each  type  of  airplane  as  proprietary  would  make  for 
permanence  of  business,  encourage  small  companies  to 
increase  their  facilities  and  guarantee  to  the  Govern- 
ment a  source  of  supply  in  time  of  peace  and  the  dis- 
tribution of  data  and  personnel  in  time  of  national  need. 

It  may  seem  somewhat  trite  to  suggest  that  in  time  of 
peace  we  should  prepare  for  war.  The  possibility  re- 
mains, however,  that  amid  the  pressing  detail  of  indi- 
vidual problems  we  may  lose  sight  of  the  necessity  for 
maintaining  a  healthy  aeronautic  industry.  A  review, 
thereiore,  of  the  situation,  as  it  appears  at  the  beginning 
of  1923,  may  prove  of  value  and  awake  an  interest  among 
those  intimately  connected  with  this  problem  so  that  our 
usefulness  shall  be  increased. 

During  the  four  years  that  have  elapsed  since  the  war, 
aviation  has  established  itself  as  an  essential  arm  of  both 
our  military  and  naval  forces.  The  experiments  and 
operations  carried  on  by  the  Air  Service  of  the  Army  and 
the  Bureau  of  Aeronautics  of  the  Navy  Department  are 
entirely  responsible  for  the  important  place  that  aircraft 
occupies  in  the  military  plans  of  our  General  Staff  and 
the  General  Board.  This  in  itself  is  a  very  real  accom- 
plishment. 

It  is  felt,  however,  that  during  this  constructive  period 
the  airplane  industry  has  not  performed  the  service  that 
was  to  be  expected  of  it;  nor  has  it  received  the  support 
essential  to  its  very  existence.  Considerable  effort  has 
been  expended  by  both  services  in  endeavoring  to  estab- 
lish a  system  by  which  new  types  of  aircraft  might  be 
developed  and  a  method  by  which  their  supply  for  current 
requirements  might  be  secured.  Government  purchases 
must  be  made  in  accordance  with  the  provisions  of  the 
appropriation  acts,  together  with  existing  regulations, 
but  these,  although  satisfactory  for  the  procurement  of 
commercial  articles,  do  not  lend  themselves  easily  to  the 
engineering  problems  of  new  development  and  small  pro- 
duction. 

The  Air  Service  has  attempted  to  solve  the  problem  of 
development  through  the  maintenance  and  the  increase  of 
facilities  in  its  engineering  division  at  McCook  Field,  and 
the  Bureau  of  Aeronautics  for  the  Navy  has  maintained 
the  Naval  Aircraft  Factory  at  Philadelphia,  not  only  for 
repairing  existing  equipment,  but  for  constructing  small 
quantities  of  experimental  types.  The  cost  of  maintain- 
ing these  two  organizations  has  well-nigh  exceeded  the 
entire  expenditure  for  aeronautical  equipment  in  the  air- 
craft industry  since  the  war. 

The  actual  development  and  construction  of  aircraft  by 
these  agencies  places  the  Government  in  a  position  in 
which  its  personnel  not  only  are  the  judges  and  experts 
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of  new  development,  but  are  themselves  competitors  of 
the  engineers  in  the  industry.  While  the  individual 
officers  have,  it  is  believed,  cooperated  with  the  industrial 
units  to  the  best  of  their  ability,  the  fact,  nevertheless, 
remains  that  among  civilian  engineers  a  feeling  of  reti- 
cence exists  in  the  matter  of  disclosing  and  developing 
new  ideas,  which  discourages  the  free  intercourse  that 
should  exist  between  the  user  and  the  designer. 

Old  Designs  and  Slow  Delivery 

The  development  of  new  types  by  the  industry,  under 
the  present  restrictions,  which  have  seemed  necessary 
when  dealing  with  many  of  the  factories  not  properly 
manned  and  equipped,  has  been  unreasonably  slow  and 
has  retarded  the  advancement  of  service  types  in  both 
the  Army  and  the  Navy.  The  Army  is  now  receiving 
deliveries  of  a  pursuit  airplane  for  service  use  that  was 
exhibited  originally  in  the  Aeronautical  Show  in  1919! 

Investigation  indicates  that,  of  117  ships  delivered  to 
the  Navy  during  the  fiscal  year  ended  June  30,  1922,  52 
emanated  from  the  Government  factory  at  Philadelphia, 
17  from  foreign  sources  and  but  37  from  the  entire 
American  aircraft  industry. 

A  review  of  the  designing  and  manufacturing  units  in 
the  industry  at  this  time  will  disclose  even  more  clearly 
the  seriousness  of  this  situation.  At  the  close  of  the  war 
several  well-organized  companies  were  producing  air- 
planes cheaply  and  efficiently.  It  would  be  supposed  that 
with  the  reduced  requirements  of  the  Government  we 
might  have  relied  on  the  principle  of  the  survival  of  the 
fittest  to  maintain  and  support  the  organizations  best 
equipped  to  carry  on  the  supplying  of  aircraft  material. 
This,  however,  has  not  been  the  case.  Among  the  larger 
companies  the  results  of  operating  have  been  expressed 
from  year  to  year  by  red  figures  in  their  balance  sheets, 
and  have  driven  and  are  today  driving  out  of  the  business 
well-established,  well-manned  and  well-financed  factories, 
leaving  in  their  places  an  increasing  number  of  smaller 
units  devoted  particularly  to  developing  whatever  engi- 
neering order  may  be  secured  from  time  to  time,  with 
little  regard  to  the  permanency  of  their  existence.  The 
small  engineering  development  orders  given  by  the  Gov- 
ernment to  such  organizations  generally  have  produced 
small  profits.  The  further  production,  however,  under 
competitive  bidding  by  the  larger  units,  of  the  machines 
thus  developed,  has  resulted  in  delays  to  the  Government 
and  in  serious  losses  in  almost  every  case  to  the  manu- 
facturer. So-called  production  orders  for  from  25  to  50 
machines  have  been  offered  to  the  industry  from  time  to 
time  by  the  Government  for  competitive  bidding,  when 
the  machine  itself  was  not  sufficiently  developed  even  to 
allow  the  Government  to  furnish  blueprints,  design  data 
and  bills  of  material  that  it  could  guarantee  as  correct. 
In  a  recent  competition  complete  production  drawings  did 
not  exist  and  there  was  no  physical  sample  of  the  airplane 
available  for  the  prospective  bidders  to  study  in  making 
their  estimates.  Competitive  bidding  on  airplane  con- 
tracts has  degenerated  into  a  reckless  gamble  among 
desperate  producers,  who  are  willing  to  take  any  chance 
to  obtain  a  contract  and  keep  operating,  and  rely  either 
on  the  mercy  of  the  Government  or  on  the  appearance  of 
an  enthusiast  in  the  role  of  a  fairy  godmother  to  meet  the 
financial  loss  when  it  arrives.  This  explains  why,  in  the 
instance  above  referred  to,  the  bids  of  about  a  dozen 
producers  ranged  from  less  than  $500,000  to  nearly 
$1,250,000.  This  is  not  competition;  it  is  nothing  but 
industrial  suicide.  A  continuance  of  this  way  of  dis- 
tributing business  will  destroy  the  industry. 

The  plans  of  our  military  forces  on  which  the  safety  of 


the  Nation  depends  in  time  of  war  must  be  predicated  on 
a  dependable  source  of  supply  of  the  equipment  to  be 
used.  This  is  especially  true  in  the  matter  of  aircraft, 
which  at  present  has  no  market  worth  considering  except 
that  of  supplying  the  Government.  It  devolves,  therefore, 
upon  the  Government  to  see  that  every  dollar  spent  for 
construction  is  used  to  maintain  the  industry  and  render 
it  capable  of  expanding. 

There  was  a  period  in  the  development  of  the  art  when 
its  advance  was  due  directly  to  the  individual  genius  of 
various  men  whose  names  may  well  be  recorded  as 
pioneers.  It  is  believed  that  their  work  has  been  largely 
accomplished,  and  that  the  future  development  of  the 
flying  machine,  for  military  or  commercial  purposes,  will 
be  brought  about  through  the  unceasing  efforts  of  groups 
of  engineers,  each  a  specialist  in  his  line,  cooperating  in 
one  commercial  organization  for  the  production  of  the 
type  desired.  The  results  of  the  1922  speed  races  at 
Detroit  are  an  example.  In  this  competition  an  oppor- 
tunity was  given  to  design  and  construct  machines  of 
various  types  under  both  methods  of  development.  The 
world's  fastest  airplane  was  not  the  product  of  a  single 
genius,  but  rather  the  result  of  the  properly  directed 
efforts  of  assistant  engineers,  each  of  whom  was  an  expert 
in  some  branch,  such  as  aerodynamics,  power,  radiation 
and  strength  of  materials.  In  the  design  and  construc- 
tion of  this  airplane  the  Air  Service  made  an  exception 
to  its  general  custom  of  requiring  submission  and  ap- 
proval of  each  individual  detail,  and  insisted  only  that 
the  strength  factors  be  maintained  and  that  the  guaran- 
teed speed  be  delivered  in  a  practical  airworthy  machine. 
The  result  was  that  the  engineers,  having  a  free  hand  and 
a  real  responsibility,  rose  to  the  task,  and  the  machines 
were  designed  and  built  in  90  days,  whereas  under  ordi- 
nary service  regulations  more  than  a  year  would  have 
been  required  to  complete  them. 

Through  the  effort  to  maintain  the  industry  there  has 
arisen  a  confusion  of  ideas  with  reference  to  the  creation 
of  a  type  and  the  production  of  it  in  small  quantities 
under  so-called  production  contracts.  The  custom  of  or- 
dering new  types  from  a  creative  organization  in  quanti- 
ties of  one,  two  or  three,  or  even  ten  or  twenty,  and  then 
depending  upon  open  competitive  bidding  for  further 
supply  on  the  assumption  that  the  engineering  problem 
had  been  completed  and  that  the  article  was  "commercial" 
and  not  proprietary,  has  failed  to  furnish  the  Government 
with  airplanes  promptly  and  to  sustain  the  manufacturer. 

It  is  believed  that  the  design  of  a  new  type  and  its 
subsequent  development  should  be  placed  with  one  or- 
ganization, which,  having  created  the  experimental  ar- 
ticle, should  be  expected  to  supply  it  in  such  quantities  as 
might  be  required  for  peacetime  operation.  The  neces- 
sity for  reproducing  it  in  large  quantities  for  war  use 
must  be  considered  as  important  a  factor  in  the  design 
as  is  the  actual  aerodynamical  efficiency  of  the  machine 
itself.  This  requirement  has  not  received  the  attention  it 
deserves  by  either  the  Government  or  the  civilian  en- 
gineer. 

The  Government's  Peacetime  Problem 

The  peacetime  problem  of  the  Government  engineer 
clearly  is,  first,  the  selection  of  the  types  of  airplane  that 
are  required  for  actual  military  training  and  opei-ations; 
and,  secondly,  the  guidance  and  support  of  the  industry 
toward  the  developing  of  such  designs,  having  in  mind 
constantly  that  the  airplane  developed  must  not  only  be 
satisfactory  for  the  service  desired,  but  be  designed  in 
detail  so  that  it  will  be  capable  of  quantity  reproduction. 

Both  the  Air  Services  and  the  units  in  the  industry 
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should  thoroughly  appreciate  that,  to  be  effective  in 
service,  civilian  aircraft  organizations  must  consist  not 
only  of  a  capable  group  of  creative  engineers,  but  also  of 
men  trained  and  experienced  in  production  manufactur- 
ing: that  the  physical  facilities  should  include  not  only 
wind-tunnels  and  aerodynamic,  physical  and  chemical 
laboratories,  but  also  the  latest  types  of  production  ma- 
chinery; and,  further,  that  such  an  organization  should 
have  sufficient  financial  resources  to  sustain  it  when  oper- 
ating as  a  complete  unit.  Any  separation  of  engineering 
from  production,  such  as  is  found  in  the  types  of  airplane 
developed  by  small  engineering  units,  or  of  production 
from  inadequate  creative  engineering,  is  bound  to  result 
disastrously.  The  two  must  go  together,  and  the  Govern- 
ment must  establish  a  policy  which,  under  proprietary 
orders,  a  company  may  specialize  in  the  development  of 
one  design  or  class  of  machine,  build  it  continually  in 
small  quantities  and  constantly  improve  it.  Such  an  or- 
ganization should  be  required  at  the  same  time  to  supply 
standardized  blueprints,  specifications,  bills  of  material, 
and  the  like,  which,  in  time  of  national  emergency,  could 
be  placed  at  once  in  the  hands  of  constructors  outside  the 
industry  for  quantity  production. 

It  should  not  be  inferred  from  these  suggestions  that 
the  business  of  supplying  the  United  States  Government 
with  aeronautical  material  should  be  centralized  among 
any  favored  few.  This,  of  course,  would  not  only  be  con- 
trary to  our  way  of  doing  things,  but  certainly  would 
retard  growth.  On  the  other  hand,  it  is  believed  that  the 
aircraft  facilities  of  the  Country  should  be  surveyed  very 
carefully  by  the  purchasing  branches  of  the  Air  Services, 
with  the  idea  of  ascertaining  both  what  units  and  how 
many  they  can  support  with  the  funds  and  project-!  avail- 
able, and  then  encourage  the  units  that  most  nearly  meet 
the  requirements. 

It  must  be  realized  that  European  countries  are  ap- 
proaching this  problem  from  another  point  of  view.  Eng- 
land, France  and  many  other  countries  are  subsidizing 
commercial  aeronautics,  and  thus  are  encouraging  produc- 
tion, while  in  this  country  we  have  not  yet  been  able  to 
get  the  Congress  even  to  give  us  a  law  to  regulate  air 
navigation.  We  do  not  need  subsidies  yet,  but  we  must 
sustain  healthy  production  units  through  the  supply  of 
Government  equipment. 

An  airplane  of  a  particular  type  should  be  considered  a 
proprietary  article.  No  one,  either  within  the  Govern- 
ment or  without,  would  consider  an  automobile  of  any 
one  type,  such  as  the  Pierce-Arrow,  for  example,  so  com- 
mercial as  to  be  procured  by  competitive  bidding  on  the 
open  market.  Aeronautical  engines  are  not  so  considered 
by  the  Government.  To  protect  itself,  the  policy  of  the 
Government  is  to  develop  two  or  more  types  of  engine 
for  each  service  required.  The  same  policy  should  prevail 
in  the  supply  of  airplanes.  The  suggestion  often  has  been 
made  that  the  allocation  of  work  under  types  that  an 
organization  is  particularly  qualified  to  supply  would 
prevent   the   Government   from   using   to   advantage  the 


genius  of  individual  inventors  and  engineers.  This  is 
not  the  case.  The  Government  should  be  free  to  pur- 
chase at  any  time  a  design,  in  whatever  stage  of  com- 
pletion it  finds  to  be  advantageous,  from  anybody,  and 
then  to  place  it  through  competition  or  by  assignment 
with  the  recognized  units  in  the  industry.  It  should 
not  expect  to  obtain  a  practical  production  airplane  from 
an  individual  or  from  a  small  organization,  but  should 
use  its  efforts  at  all  times  to  bring  individual  engineering 
ability  into  existing  civilian  organizations,  and  not  en- 
courage the  formation  of  new  companies  whenever  a 
new  design  is  to  be  considered. 

Cross-Licensing 

One  reason  that  many  persons  have  come  to  feel  that 
any  company  could  build  any  airplane,  and  that  the  Gov- 
ernment should  purchase  airplanes  only  through  open 
competitive  bidding,  as  it  would  any  other  commercial 
article,  is  the  fact  that  all  of  the  principal  aircraft  pat- 
ents are  cross-licensed  under  the  Manufacturers  Aircraft 
Association,  for  membership  in  which  any  aircraft  con- 
tractor to  the  Government  is  eligible.  This  cross-licens- 
ing agreement,  originally  a  war  concession  by  the  patent 
owners  to  the  Country,  in  order  that  the  Government 
might  not  be  restricted  in  any  manner  in  developing  its 
sources  of  supply,  has  been  of  the  greatest  value  to  the 
industry  in  opening  practically  to  all  the  opportunity  to 
use  any  patented  improvement. 

This  agreement,  however,  did  not  contemplate  the 
encouraging  of  one  manufacturer  to  build  from  another's 
specific  design,  or  suggest  that  the  construction  of  air- 
craft was  so  standardized  as  to  make  any  design  capable 
of  reproduction  by  all.  Non-exclusive  patent  rights  are 
granted  to  all  members,  but  design  rights  are  subject  to 
individual  negotiation. 

Competitive  bidding  on  design  should  be  used  by  the 
Government  only  in  cases  where  the  producer  has  been 
found  incompetent  to  supply  or  unwilling  to  furnish  his 
product  at  a  reasonable  price  under  reasonable  conditions. 
Each  type  of  aircraft  must  be  considered  as  proprietary. 
Such  a  policy  would  make  for  permanence  of  business 
and  encourage  individual  companies  to  increase,  or  at 
least  to  sustain,  their  present  facilities;  guarantee  to 
the  Government  a  source  of  supply  in  time  of  peace,  and 
assure  the  practical  distribution  of  both  manufacturing 
data  and  skilled  personnel  among  other  industries  re- 
quisitioned to  aircraft  production  in  time  of  need. 

For  four  years  the  industry  has  cooperated  with  the 
Government  agencies  in  every  possible  way,  endeavoring 
itself  to  survive  at  the  same  time.  The  point  has  now 
been  reached  where  we  can  see  clearly  the  destructive 
elements  in  the  present  Governmental  policy,  and  it  is 
the  duty  of  the  Government  to  amend  its  system  so  that 
the  aircraft  industry  may  be  ready  at  any  and  all  times 
to  meet  a  national  emergency.  It  is  hoped  that  the  public 
never  again  will  be  able  to  accuse  us  of  unpreparedness, 
inefficiency  or  incompetency. 
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A  New  Interpretation  of  Exhaust 

Gas  Analysis 


By  E.  II.  Lock  wood' 


C"1  ASES  of  combustion  may  be  analyzed  conveniently  by 
-J  the  standard  Orsat  apparatus.  Its  uses  are  limited, 
however,  to  cases  where  the  combustion  is  nearly  complete, 
leaving  no  unburned  fuel  except  small  amounts  of  carbon 
monoxide.  Fortunately  this  condition  generally  is  complied 
with  where  solid  and  liquid  fuels  are  used,  as  in  boiler  fur- 
naces and  internal-combustion  engines.  In  the  testing  of 
such  powerplants,  the  Orsat  apparatus  may  contribute  re- 
sults of  much  value  as  regards  the  efficiency  of  combustion. 

It  will  be  unnecessary  at  this  time  to  describe  the  Orsat 
apparatus,  but  reference  may  be  made  to  its  general  method 
of  operation.  The  first  step  in  the  analysis  is  to  draw 
exactly  100  cubic  units  of  the  gas  into  a  cylindrical  glass 
tube,  where  volumes  can  be  measured  by  a  scale  etched  on 
the  glass.  The  gas  sample  is  then  passed  successively  into 
three  chambers,  where  it  comes  into  contact  with  chemicals 
that  absorb  the  different  components  of  the  gas.  After  each 
absorption  the  sample  is  returned  to  the  graduated  cylinder, 
where  the  loss  of  volume  is  read  in  percentage  on  the  scale. 
The  components  found  in  this  way  are  carbon  dioxide  (C02), 
oxygen  (Oa)  and  carbon  monoxide  (CO).  Finally,  their 
sum  is  subtracted  from  100  and  the  remainder  is  assumed 
to  be  nitrogen  (N2).  A  complete  flue-gas  analysis  consists 
of  the  four  items  just  mentioned,  the  sum  of  which  is  always 
100.  The  carbon  monoxide  item  is  usually  small  and  may 
be  zero.  The  nitrogen  item  is  always  large,  say,  80  per  cent 
of  the  total. 

After  the  completion  of  the  analysis  the  results  must  be 
interpreted.  This  usually  is  done  by  elementary  chemical 
arithmetic,  based  on  the  combining  formulas  for  carbon 
dioxide  and  monoxide,  the  atomic  weights  of  the  elements, 
and  the  proportions  of  oxygen  and  nitrogen  in  the  air.  The 
arithmetical  method  determines  the  weight  of  air  used  in 
the  combustion  of  the  carbon,  but  fails  to  reveal  the  amount 
used  by  the  hydrogen  in  the  fuel.  The  latter  must  be  deter- 
mined by  a  supplementary  computation  based  on  the  amount 
of  hydrogen  in  the  fuel. 

The  arithmetical  computations  are  fairly  simple,  but  the 
constants  are  easily  forgotten  unless  used  frequently.  To 
avoid  the  drawbacks  of  the  chemical  theory,  algebraic  for- 
mulas have  been  devised  for  producing  the  same  results  by 
simple  substitution  of  the  gas-analysis  percentages  and  for 
solving  the  equation.  The  following  formulas  have  been 
widely  used  for  this  purpose : 

Air  per   pound   of  carbon  =  3.03  N2  H-  (CO2  +  CO)    (1) 
Dry  gas  per  pound  of  carbon  =  \  IICO2  +  8O2  + 

7  (N2  +  CO)  \/Z  (CO2  +  CO)  (2) 

Ratio  of  the  air  actually  used  to  the  air  theoret- 
ically required  =  N2  /  \  N2  —  3.78  (02  —  CO/,)  \  (3) 

Formula  (1)  is  usually  credited  to  Dr.  D.  S.  Jacobus  and 
(2)  to  R.  S.  Hale.  All  are  deduced  in  Gebhardt's  Steam 
Power  Plant  Engineering.  They  are  examples  of  ingenious 
reasoning,  because  they  take  into  account  the  air  required 
by  the  hydrogen  in  the  fuel  as  well  as  by  the  carbon.  The 
drawback  lies  in  basing  the  various  quantities  on  the  carbon 
in  the  fuel,  whereas  it  is  much  more  convenient  to  use  the 
combustible  in  the  fuel.  The  reason  is  that  the  combustible 
is  given  by  the  simple  proximate  analysis,  which  is  the  sum 
of  the  fixed  carbon  and  the  volatile  matter,  while  the  carbon 
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is  given  by  the  ultimate  analysis,  which  is  relatively  costly 
and  rarely  available. 

A  modification  of  the  formulas,  based  on  combustible,  can 
be  easily  made.  Furthermore,  by  a  logical  extension  of  the 
reasoning,  formulas  can  be  derived  for  the  proportions  of 
carbon  and  hydrogen  in  the  fuel,  for  the  water  vapor  formed 
by  combustion,  and  for  the  theoretic  air  required  for  the 
combustion  of  the  fuel.  I  offer  my  formulas  for  the  consid- 
eration of  those  interested.  Before  stating  the  new  formulas, 
it  will  be  in  order  to  mention  certain  limitations  that  apply 
alike  to  the  old  and  to  the  new  formulas.  First,  the  for- 
mulas apply  only  to  fuels  that  contain  negligible  amounts 
of  nitrogen.  Fortunately  this  includes  the  ordinary  forms 
of  coal  and  liquid  fuels.  Secondly,  the  sulphur  in  the  fuel 
is  also  assumed  to  be  negligible  in  amount.  Thirdly,  the 
term  hydrogen  refers  to  the  so-called  free  hydrogen,  H  — 
(0/8),  or  the  portion  of  the  hydrogen  that  requires  air  for 
its  combustion.  The  derivation  of  the  formulas,  which  are 
given  below,  will  be  omitted  here  and  placed  in  an  appendix, 
as  the  explanation  is  rather  technical. 


Air  per  pound  of  combustible  = 
18.3  Ns 


0.525  N,.  +  5  CO  +  4  CO.  -2  0, 

Dry  gas  per  pound  of  combustible  = 

22  CO2  +  16  0;  +  14  (N2  +  CO) 
0.525  N2  +  5  CO  +  4  CO2  —  2  02 

Theoretical  amount  of  air  per  pound  of  combustible  : 
18.3  N2  +  34.8  CO  —  69.6  0= 


0.525N2  +  5CO  +  4CO2- 
Percentage  of  excess  air  = 

f  69.6  02  —  34.8  CO 


■2  0. 


(4) 


(5) 


(6) 


L  18.3  N2  +  34.8  CO  —  69.6  02  _ 
Water  vapor  per  pound  of  combustible  = 

4.77  N3  —  9  CO  —  18  (CQ2  +  Q2) 


X100       (7) 


0.525N2+.5CO  +  4CO2- 
Percentage  of  carbon  in  combustible  : 
f  6  (CO2+CO) 


2  0, 


L  0.525  N2  +  5  CO  +  4  CO2  —  2  O2 
Percentage  of  hydrogen  in  combustible  = 
|"0.525N2  —  CO  —  2  (CO2  +  O2)    " 


(8) 


X100    (9) 


L  0.525  N2  +  5  CO  +  4  C02  —  2  0=. 
Ratio  of  carbon  to  hydrogen  in  combustible  =: 
6(C02+CO) 


X  100    (10) 


0.525  N2 


CO  — 2  (C03+02) 


(11) 


The  term  combustible  refers  to  the  sum  of  the  fixed  car- 
bon and  the  volatile  combustible  matter,  as  given  by  the 
proximate  analysis.  Or,  it  may  be  stated  as  the  total  weight 
of  fuel  less  water  and  ash.  In  applying  the  formulas,  the 
percentages  of  CO2,  02,  CO  and  N2  are  inserted  for  the  sym- 
bols and  solved  in  the  usual  way. 

It  will  be  noted  that  the  new  formulas  contain  information 
not  hitherto  deduced  from  the  flue-gas  analysis,  namely: 
water  vapor  in  the  gases  of  combustion  and  the  proportions 
of  carbon  and  hydrogen  in  the  fuel.  These  items  are  to  be 
regarded  as  only  supplementary  to  the  main  object,  which  is 
to  determine  the  weights  of  air  and  of  the  dry  gases,  as 
given  by  formulas  (4)  to   (7). 

Internal  evidence  of  the  consistency  of  the  formulas  and 
of  the  gas  analysis  may  be  had  by  summing  up  the  weight 
of  the  products  in  two  ways:  first,  1 -f  air  (4)  ;  second,  dry 
gas  (5)  -(-water  vapor  (8).  The  two  sums  should  be  the 
same  for  consistency.     A   rigid   check   of  the  new  formulas 
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can  be  had  from  the  ultimate  analysis  of  the  fuel,  which 
permits  exact  computation  of  the  theoretic  air  and  of  the 
ratio  of  hydrogen  and  carbon. 

In  conclusion,  two  illustrations  will   be  given   of  the  use 
of  the  formulas  in  interpreting  gas  analysis. 

Example  1. — Semi-bituminous  coal  in  a  power  boiler. 

Flue-gas    analysis:     C02  =  11.8;     0,  =  7.7;     CO  =  0.2; 

N.  =  80.3. 

By 
Formula 

Air  per  pound  of  combustible  (4)  19.4  lb. 

Dry  gases  per  pound  of  com- 
bustible (5)  20.0  lb. 

Theoretic    air    per    pound    of 

combustible  (6)  12.7  lb. 

Excess  air  used  (7)  54.0  per  cent 

Water    vapor    per    pound    of 

combustible  (8)  0.4  lb. 

Carbon  in  combustible  (9)  95.6  per  cent 

Hydrogen  in  combustible  (10)  4.4  per  cent 

Ratio  of  carbon  to  hydrogen  (11)  21.8 

Example  2. — Gasoline  in  a  six-cylinder  engine  (1917). 

Exhaust-gas   analysis:    CO?  =  10.15;    O2  =  0.55;    CO  = 

5.65;  N2  =  83.65. 

By 
Formula 

Air  per  pound  of  combustible  (4)  13.65  lb. 

Dry  gases  per  pound  of  com- 
bustible (5)  13.2  lb. 

Theoretic    air    per    pound    of 

combustible  (6)  15.1  lb. 

Excess  air  used  (7)      —  9.5  per  cent 

Water    vapor    per    pound    of 

combustible  (8)  1.4  lb. 

Carbon  in  combustible  (9)  84.6  percent 

Hydrogen  in  combustible  (10)  15.4  percent 

Ratio  of  carbon  to  hydrogen  (11)  5.5 

In  commenting  on  these  examples  it  may  be  stated  that 
the  ultimate  analysis  was  not  available;  hence,  the  propor- 
tions of  hydi-ogen  and  carbon  could  not  be  checked.  How- 
ever, using  average  values  from  handbooks,  satisfactory 
agreement  was  obtained.  The  theoretic  air  by  the  new  for- 
mulas was  found  to  check  well  with  that  from  the  average 
ultimate  analysis  of  the  fuel. 

A  characteristic  difference  between  the  boiler  furnace  and 
the  gasoline  engine  is  shown  by  the  excess-air  items,  54.0 
per  cent  excess  in  the  furnace,  and  9.5  per  cent  deficiency  in 
the  engine.  The  latter  is  properly  indicated  by  a  minus 
sign  in  formula  (7). 

The  consistency  check,  based  on  the  weight  of  the  products 
of  combustion,  is  satisfactorily  met. 

Example  1.— Air  +  fuel  =  19.40  +  1.00  =  20.40 

Dry  gases  +  water  =  20.00  +  0.40  =  20.40 
tnple  2.— Air  +  fuel  =  13.65  -f  1.00  =  14.65 

Dry  gases  +  water  =  13.20  +  1.40  —  14.60 

From  these  and  many  similar  applications  it  has  been 
fairly  well  proved  that  the  formulas  can  be  relied  on  for 
satisfactory  results,  provided  that  the  gases  have  been  care- 
fully sampled  and  analyzed. 

Appendix — Derivation  of  Formulas 

These  formulas  are  deduced  under  certain  limitations 
which  may  be  stated  as  follows:  (a)  hydrogen  in  the  fuel  is 
assumed  to  be  negligible  in  amount;  (6)  sulphur  in  the  fuel 
is  also  assumed  to  be  negligible  in  amount;  (c)  hydrogen, 
as  used  in  the  formulas,  refers  to  the  free  hydrogen,  H  — 
(0/8),  or  the  portion  of  the  hydrogen  that  requires  air  for 
its  combustion.  It  is  further  assumed  that  the  combustion 
is  fairly  complete,  so  that  no  unburned  fuel  is  found  in  the 
products  of  combustion,  except  small  amounts  of  carbon 
monoxide.  With  these  assumptions  complied  with,  the  gases 
can  be  analyzed  by  the  Orsat  apparatus,  and  the  results  can 
be  interpreted  by  the  formulas. 

In   the  combustion   process  the   carbon   and   the   hydrogen 


of  the  fuel  unite  with  the  oxygen  of  the  air,  yielding  products 
that  may  be  designated  as  follows: 

Carbon  dioxide  CO? 

Carbon  monoxide  CO 

Water  vapor  H.0 

Free  oxygen  02 

Nitrogen  Ni 

The  percentage  volumes  of  four  of  these  products  are  de- 
termined by  the  Orsat  apparatus,  while  one,  water  vapor, 
escapes  without  measurement.  It  is  convenient  to  denote  the 
percentage  volume  by  the  symbol.  Thus,  N=  denotes  not  only 
nitrogen,  but  refers  to  the  percentage  of  it  given  by  the 
analysis,  whenever  it  is  used  in  a  formula. 

The  weight  of  the  various  products  can  be  expressed  in 
terms  of  the  volume  by  means  of  the  appropriate  atomic 
weight  numbers.  Knowing  the  weight  of  oxygen  or  nitrogen, 
the  weight  of  the  air  can  be  found  by  dividing  the  oxygen 
by  0.23,  or  by  dividing  the  nitrogen  by  0.77.  The  atomic- 
weight  method  fails  in  the  case  of  hydrogen,  because  its 
product,  water  vapor,  is  not  included  in  the  exhaust  analysis. 

The  weight  of  hydrogen  in  the  fuel  can  be  arrived  at 
indirectly,  by  equating  two  expressions  for  the  total  weight 
of  air.     From  the  nitrogen, 

Weight  of  air  =  28  N./0.77  (12) 

From  the  products  CO=,  CO,  H20,  0=, 

w  .  ,  .      ,     .         32C0,  .  16CO   ,8H=  ,  32  0.  ,-„. 

We,ght  of  ^=-—+-—-1—  +  — 

Equating  the  two  expressions  and  solving  for  hydrogen, 


4  (C02  + 0.  +  CO/2) 

be    written    directly    from    the 


40= 


(14) 
atomic 

(15) 
(16) 
(17) 


H,  =  1.05N 

The    following 
weights : 

Weight  of  carbon  =  12  (CO=+  CO) 
Weight  of  combustible  = 

1.05  N2  +  10  CO  +  8  CO; 
Weight  of  dry  gases  = 

44  CO?  +  28  CO  +  32  O,  +  28  N* 
Air  theoretically  required  = 

12  (CO.  +  CO)  X32     8H; 
12X0.23  +0.23 

Inserting  H:  from   (14), 

Weight  of  air  theoretically  required  = 

36.5  N2  +  69.6  CO  —  139.2  02 

The  weight  of  water  vapor  is  nine  times  the  weight  of  hydro- 
gen ;  hence, 

Weight  of  water  vapor  = 

9.45  N2  —  36  (C02  +  02  +  CO/2)  (19) 

The  foregoing  weights  are  all  expressed  in  the  same  units; 
hence,  they  are  comparable  for  derivation  of  formulas,  as 
indicated  below.  In  this  list  the  numbers  in  parentheses 
between  the  signs  of  equality  refer  to  the  expressions  in  the 
body  of  the  paper  and  the  appendix. 

Weight  of  air  per  pound  of  carbon  = 
(12)  _      3.03  N2 
(15) 


(18) 


(C02+CO) 

Dry  gas  per  pound  of  carbon   = 

(17)       llC02  +  802+7  (N2  +  CO) 
(15)  ~  3  (CO:  +  CO) 

Ratio  of  the  air  actually  used  to  the  air  theoret- 
ically required  = 

(12) N, 

(18)  _  N2  — 3.78  (02  — CO/2) 
Weight  of  air  per  pound  of  combustible  = 
(13)  18.3  N- 


(1) 


(16)  ~  0.525  N,+ 5  CO +  4  CO=  — 2  0= 
Dry  gas  per  pound  of  combustible  = 

(17)  _  22  CO,  +  16  O,  +  14  (N,  +  CO) 
(16)  ~  0.525  N2  +  5  CO  +  4  CO,  —  2  02 

Theoretical   air   requirements   per   pound   of 
bustible  = 

(18)  18.3  N2  +  34.8  CO  —  69.6  O, 

(16)  ~  0.525  N-  -f  5  CO  +  4  CO.  —  2  02 


(2) 


(3) 


(4) 


(5) 


(6) 
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Per  cent  of  excess 
(12)  — (18) 


air  = 

69.6  O,—  34.8  CO 


(18)  18.3  Na  +  34.8  CO  —  69.6  0: 

Water  vapor  per  pound  of  combustible  = 
(19)        4.77  N2  —  9  CO  —  18  (CO,  +  Q») 
(16)   =   0.525  N2 +  5  CO +  4  C0»  — 2  () 

Percentage  of  carbon  in  combustible  = 


(7) 


(8) 


(15)  X  100  6  (CO,  +  CO)  X  100 

(10)  0.525N2  +  5CO  +  4CO2- 


2  0, 


Percentage  of  hydrogen  in  combustible  = 
(14)  X  100      r0-525  N2  —  CO  —  2  (CQ2  +  O.)    1 


(9) 


(16)         ~L0.525N=  +  5CO  +  4CO2  — 2  0: 

Ratio  of  carbon  to  hydrogen  in  combustible  = 

(15)  _    6  (CO,  +  CO) 

(14)  ~  0.525  N3  —  CO  —  2  (C02+02) 


X  100     (10) 


(11) 


RURAL  CREDITS 


INARMING  is  a  small-unit  business.  In  1920  the  6,448,343 
farms  of  this  Country  contained  an  average  per  farm  of 
148.2  acres,  and  the  average  value  per  farm  of  all  farm 
property,  including  land,  buildings  and  implements,  was 
$12,084.  Although  the  capacity  to  withstand  adversity  is 
increased  by  this  multiplicity  of  units  relative  to  the  aggre- 
gate output,  some  obvious  advantages  of  large  producing 
units,  characteristic  of  so  much  of  the  Country's  industrial 
production,  are  not  shared  in  general  by  the  farmers. 

The  Joint  Commission  of  Agricultural  Inquiry  in  its  re- 
port to  Congress  in  1921,  said: 

If  we  consider  that  the  farmer  could  make  5  per  cent 
on  his  total  property  by  investing  it  elsewhere  and  that 
only  the  residue  of  his  income  is  payment  for  his  efforts, 
the  following  conclusions  follow  for  the  year  1913: 
Had  the  farmer  gone  to  work  as  a  farm  laborer,  his 
average  labor  income  would  have  been  $328,  instead  of 
$444.  Had  he  worked  instead  in  the  mining  industry 
at  the  average  earnings  of  the  employe  in  that  in- 
dustry, he  would  have  received  $755,  or  about  70  per 
cent  more  than  his  actual  labor  income.  The  farmer 
in  1918  had  an  income  of  $1,278  resulting  from  his 
labor,  risks  and  management.  Had  he  worked  in  the 
mining  industry  for  the  average  earnings  of  the  em- 
ployes in  that  industry,  he  would  have  received  a  wage 
of  $1,280  or  almost  exactly  the  amount  of  his  actual 
earnings.  Had  he  worked  as  an  employe  in  the  rail- 
road or  banking  field,  he  would  have  made  materially 
more  for  his  labor  than  he  did  on  the  farm,  but  he  would 
have  been  worse  paid  had  he  received  the  average  earn- 
ings of  those  employed  in  factories,  in  public  utilities, 
in  Government  or  in  unclassified  industries. 

The  purpose  of  the  United  States  Warehouse  Act,  which 
became  a  law  in  1916,  was  to  establish  a  form  of  warehouse 
receipt  of  cotton,  grain,  tobacco,  wool  and  flaxseed  that  might 
make  these  receipts  readily  negotiable  as  delivery  orders  or 
as  collateral  for  loans.  Accordingly,  acceptable  warehouse- 
men are  licensed  for  the  storage  of  these  products.  The 
rapid  growth  in  the  number  of  warehouses  licensed  under  the 
Act  is  evidence  of  the  need  for  the  services  which  they  are 
now  rendering. 

Information  about  conditions  in  the  consuming  markets  is 
regularly  accessible  now  but  generally  speaking  the  sellers 
of  farm  products  that  have  world  markets  are  not  so  well  in- 
formed about  consumption  as  are  the  buyers  about  produc- 
tion. It  is  the  opinion  not  only  of  farmers,  but  of  competent 
students  of  marketing  problems,  that  in  the  distribution  of 
farm  products  there  is  an  excessive  duplication  of  middlemen, 
with  a  tendency  to  depress  unduly  the  prices  paid  the  pro- 
ducers and  to  raise  the  costs  to  the  consumers.  Doubtless 
much  can  be  done  to  eliminate  unnecessary  services  in  the 
distribution  of  farm  products,  and  of  other  commodities  as 
well. 

The  first  practical  effect  of  the  discussion  of  rural  credit 
problems  in  the  period  between  the  panic  of  1907  and  the  out- 
break of  the  World  War,  in  the  form  of  legislation  to  pro- 
vide new  credit  facilities  for  farmers  on  a  national  scale, 
came  with  the  passage  of  the  Federal  Reserve  Act  in  1913. 
The  law  made  agricultural  paper,  that  is,  notes,  drafts  and 
bills  of  exchange,  drawn  or  issued  for  agricultural  purposes 
or   based   on    live   stock,   with   a    maturity    not   exceeding    6 


months,  eligible  for  discount  by  Federal  Reserve  Banks. 
Other  eligible  paper  was  restricted  to  a  maturity  not  exceed- 
ing 90  days.  Thus,  the  law  specifically  recognized  the  differ- 
ence between  acceptable  maturities  for  agricultural  paper 
on  the  one  hand  and  industrial  and  commercial  paper  on  the 
other.  The  fact  that  most  of  the  State  banks  have  not  be- 
come members  of  the  Federal  Reserve  System,  from  choice 
or  because  of  lack  of  qualification,  has  greatly  restricted  the 
proportion  of  the  aggregate  agricultural  bank  loans  that  may 
be  discounted  by  Federal  Reserve  Banks.  Moreover,  the 
range  of  maturity  of  eligible  agricultural  paper  is  regarded 
in  many  quarters  as  too  narrow. 

Some  light  is  thrown  upon  the  question  of  the  comparative 
amounts  of  credit  extended  to  agricultural  and  to  all  other 
classes  of  borrowers  by  investigations  for  the  Joint  Commis- 
sion of  Agricultural  Inquiry,  which  indicated  that  "in  general 
the  expansion  in  the  agricultural  States  during  the  period  of 
inflation  was  at  least  as  great,  if  not  greater,  than  in  the  in- 
dustrial States."  It  was  found  also  from  a  study  of  reports 
of  about  9500  member  banks  that  "between  May  4,  1920  and 
April  28,  1921,  the  loans  and  discounts  of  banks  in  agricul- 
tural counties  throughout  the  country  declined  $36,500,000, 
or  slightly  more  than  1.2  per  cent;  the  loans  and  discounts  of 
banks  in  semi-agricultural  counties  declined  $18,700,000,  or 
1.3  per  cent;  and  the  loans  and  discounts  of  banks  in  non- 
agricultural  counties  declined  $827,100,000,  or  5.6  per  cent. 
The  borrowings  from  the  Federal  Reserve  Banks  by  banks  in 
agricultural  counties  increased  $127,600,000,  or  56.6  per  cent; 
borrowings  by  banks  in  semi-agricultural  counties  remained 
practically  stationary;  and  borrowings  by  banks  in  non- 
agricultural  counties  declined  $629,100,000,  or  28.5  per  cent." 

The  Federal  Farm  Loan  Act  of  1916  provided  for  the  "es- 
tablishment of  12  regional  Federal  Land  Banks.  Loans  run- 
ning for  not  more  than  40  years  and  not  less  than  5  years 
are  made  on  the  security  of  first  mortgages  on  farm  land 
through  national  farm-loan  associations  of  10  or  more 
farmers  each,  or  through  specified  agents.  The  maximum 
loan  to  an  individual  is  $10,000,  and  the  maximum  interest 
that  may  be  charged  on  loans  is  6  per  cent,  but  in  no  case  is 
the  rate  to  exceed  by  more  than  1  per  cent  the  rate  paid  on 
the  last  issue  of  bonds  for  raising  the  funds  to  be  loaned. 

The  capital  stock  of  the  banks  is  owned  by  the  Government, 
national  farm-loan  associations,  borrowers  through  agents 
and  individual  subscribers.  On  Oct.  31,  1922,  the  Govern- 
ment's stock  had  been  reduced  to  $4,264,880,  of  a  total  of 
$35,256,730.  Nearly  all  of  the  remaining  stock  was  owned 
by  loan  associations.  At  that  time  the  net  mortgage  loans  by 
the  banks  outstanding  totaled  in  round  numbers  $606,000,000, 
and  their  farm-loan  bonds  authorized  and  issued  amounted  to 
$641,000,000.  These  bonds  and  the  mortgages  on  which  they 
are  based,  as  well  as  the  capital  stock  of  the  banks,  are  ex- 
empt from  taxation. 

Besides  the  Federal  Land  Banks,  the  Act  permits  the  es- 
tablishment of  Joint-Stock  Land  Banks  and  authorizes  them 
to  lend  directly  to  borrowers  on  farm  mortgage  security  and 
to  issue  farm-loan  bonds.  The  number  of  these  banks,  61  in 
November,  1922,  was  more  than  doubled  in  the  last  year. 

From  Jan.  4,  1921,  to  Nov.  30,  1922,  the  War  Finance 
Corporation  had  approved  advances  to  banks,  live-stock  loan 
companies  and  cooperative  marketing  associations,  for  agri- 
cultural and  live-stock  purposes,  in  37  States,  amounting  to 
$433,000,000.— Guaranty  Surveij. 
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1922  and  the  Motorboat  Industry1 


By  H.  II.  Brautigam5 


DURING  the  year  just  ended,  great  progress  has 
been  made  in  the  motorboat  industry  in  this 
Country.  This  statement  applies  with  equal 
force  to  the  commercial  and  the  pleasure  aspects  of  the 
industry.  Marked  developments  in  power,  as  well  as  an 
advance  in  construction,  have  made  the  past  year  a  nota- 
ble one.  Briefly,  the  outstanding  features  seem  to  have 
been  the  greater  development  and  a  more  widespread 
acceptance  of  the  standardized  boat,  the  production  of 
high-power  engines  of  the  Diesel  type  for  use  on  com- 
mercial vessels  in  place  of  steam,  the  noteworthy  im- 
provement in  the  design  and  the  efficiency  of  the  high- 
power,  high-speed  engine  and  the  further  perfection  and 
development  in  the  use  of  the  outboard  engine. 

The  outboard  engine,  when  it  first  came  into  use  some 
years  ago,  was  little  more  than  a  toy  designed  for  boys 
to  place  on  a  rowboat.  But  gradually  it  has  been  de- 
veloped and  made  more  and  more  reliable.  With  their 
greater  reliability  a  rapidly  increasing  demand  for  en- 
gines of  this  kind  has  arisen.  During  the  past  year  a 
number  of  new  companies  have  entered  the  field,  with 
the  result  that  the  outboard  engine  is  used  constantly 
on  the  tenders  of  yachts  in  place  of  man-rowing  power. 

While  one  or  two  builders  have,  by  the  use  of  alumi- 
num, succeeded  in  making  very  light  machines  of  this 
type,  the  question  of  light  weight  is  not  given  so  much 
consideration  now  that  the  demand  is  for  a  steady, 
reliable  engine.  Cylinder  dimensions  have  been  in- 
creased, which  of  course  gives  the  engine  more  power 
and  makes  it  more  serviceable.  There  is  also  a  tendency 
to  make  two-cylinder  powerplants  instead  of  the  one- 
cylinder  outboard  engines  that  were  first  constructed. 
Both  battery  and  magneto  ignition  are  used.  Besides 
being  used  on  the  tenders  of  yachts  and  Government 
boats,  these  little  engines  have  proved  a  great  boon 
to  the  rod  and  line  fisherman.  On  Chesapeake  Bay  they 
are  used  almost  exclusively  in  trolling  for  rock  fish. 

While  the  cost  of  fuel  has  exerted  a  tremendous  in- 
fluence in  the  building  of  engines  for  the  medium-size 
and  the  large  boats  of  both  the  pleasure  and  the  commer- 
cial types,  it  has  had  little  or  no  effect  upon  the  produc- 
tion of  the  small,  low-power  gasoline  engine  used  for 
small  passenger  and  pleasure  boats.  On  these  smaller 
machines  where  the  cost  of  fuel  consumed  is  small,  and 
therefore  less  of  an  item  in  the  expense  of  operation,  the 
demand  has  been  for  a  better,  cleaner  and  quieter  engine. 
The  high  development  of  the  four-cylinder  four-cycle 
engine  has  met  this  demand.  The  extent  to  which  this 
development  has  been  carried  by  the  builder  can  be  seen 
readily  by  comparing  the  engines  of  this  year's  con- 
struction with  those  produced  5  or  6  years  ago.  Within 
the  past  12  months  great  advances  have  been  made  in  the 
production  of  automotive  apparatus,  in  castings,  crank- 
shafts and  the  like,  and  the  engine  builder  in  many  in- 
stances, by  availing  himself  of  these  improvements,  has 
been  enabled  to  decrease  his  production  costs  to  the  ulti- 
mate benefit  of  the  purchaser. 

The    past   season   witnessed   the    introduction    to    the 


1  Annual  report  of  the  Second  Vice-President  representing  marine 
engineering. 

-  M.S.A.E. — PresiiU'tit.    Bridgeport    Motor  Co.,  Bridgeport,  Conn. 


yachting  public  of  a  number  of  high-speed  marine  en- 
gines with  horsepowers  ranging  from  50  to  200  and  more. 
These  engines,  masterpieces  of  design  and  construction, 
have  already  given  a  good  account  of  themselves  in  every 
test  to  which  they  may  have  been  put.  Some  of  these 
engines  were  installed  in  high-speed  runabouts  and  were 
subjected,  during  the  various  race-meets  held  in  the  past 
season  throughout  the  Country,  to  a  series  of  grueling 
tests.  Others  were  installed  in  cruising  boats  of  various 
sizes  where  sturdiness  and  reliability  were  vitally  neces- 
sary. In  every  instance  these  engines  performed  fully 
up  to  and  beyond  the  claims  of  their  builders.  Greater 
things  are  expected  of  these  engines  during  the  coming 
year,  as  the  builders,  with  all  of  this  experience  behind 
them,  have  been  ceaselessly  experimenting  and  testing 
with  the  sole  object  in  view  of  being  able  to  offer  to  the 
public  a  high-speed  engine  of  the  first  grade  with  un- 
questioned power  and  endurance  as  well  as  the  greatest 
reliability. 

The  larger  high-power  engines  of  the  Diesel  type  have 
in  the  past  year  been  advanced  considerably  in  efficiency 
and  are  gradually  displacing  steam  in  commercial  vessels 
in  which  a  great  amount  of  power  is  required,  such  as 
tugboats,  coasting  barges,  tankers  and  even  trans- 
oceanic freight  vessels  of  large  tonnage.  Around  New 
York  Harbor  tugboats  are  being  constantly  equipped 
with  these  engines  for  harbor  usage  and  for  towing 
through  the  New  York  State  Barge  Canal.  Recently 
they  have  been  installed  in  all  the  tugs  of  the  Trans- 
marine Corporation.  On  the  Great  Lakes  they  are  being 
used  in  grain-carrying  hulls.  On  the  Pacific  Coast, 
where  the  tendency  to  use  them  in  place  of  steam  is  even 
greater  than  on  the  Atlantic  Coast,  barges  and  freight 
vessels  are  constantly  equipped  with  them.  Their  ad- 
vantages are  many  and  obvious.  They  have  proved 
highly  efficient  and  powerful.  They  cut  down  the  cost 
of  transportation  by  being  more  economical  than  steam 
in  the  man-power  and  fuel  needed  to  run  them.  And 
their  usage  makes  for  a  cleaner  boat,  for  they  do  away 
with  the  stoker  and  the  annoyance  of  continually  empty- 
ing ashes.  But  one  engineer  is  needed  to  run  them  in 
place  of  the  engineer  and  two  or  three  firemen  needed 
with  a  steam  engine.  The  fuel  for  these  engines  is  easily 
obtained  and  the  power  plant  itself  requires  less  space 
than  a  steam  engine,  aside  from  the  coal  that  must  be 
carried  with  the  latter. 

Developments  in  Boat  Construction 

In  boat  construction  the  past  year  showed  three  out- 
standing features,  the  development  of  the  luxurious  type 
of  houseboat,  the  improvement  of  the  standardized  cruiser 
and  the  wide  acceptance  of  the  V-bottom  speed-boat. 
The  houseboat,  in  the  past  nothing  more  than  a  flat- 
bottomed  barge  with  a  clumsy  square  house  built  upon 
it,  has  in  recent  years  been  changed  into  the  power- 
houseboat.  Many  of  these  boats,  especially  the  ones  de- 
signed and  built  for  the  winter  season  in  Florida  and 
other  Southern  waters,  are  exceedingly  comfortable, 
luxurious  vessels.  While  they  are  built  primarily  for 
comfort,  they  are  also  very  able  vessels.  Many  of  them 
have  very  good  speed,  making  from  9  to  14  m.p.h.    With 
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these  boats  the  clumsiness  of  the  old-fashioned  house- 
boat has  been  entirely  eliminated.  They  are  now  de- 
signed with  no  little  thought  of  appearance,  show  very 
good  lines  and  are  often  just  as  graceful  as  the  yachts 
surrounding  them.  Such  houseboats  are  capable  of 
cruises  from  our  coasts  to  the  beautiful  islands  of  the 
West  Indies  where  many  of  them  can  now  be  found 
every  winter.  In  fact,  in  this  Country,  it  has  become 
the  custom  to  start  from  the  Great  Lakes  or  the 
North  Atlantic  coast  in  one  of  these  cruising  house- 
boats about  the  first  of  November,  travel  down  the 
coast  to  Florida-,  Cuba,  Jamaica  or  the  Virgin  Islands 
and  spend  the  winter  months  in  the  warmer  waters. 
To  just  what  extent  prohibition  in  the  United  States 
has  tended  to  develop  this  custom  would  be  hard  to  esti- 
mate. 

The  interior  fittings  of  these  houseboats  have  become 
really  magnificent.  The  craft  are  equipped  with  every 
imaginable  device  that  could  possibly  add  to  the  comfort 
of  the  owner  and  his  guests.  Immense  saloons  on  the 
main  deck  serve  the  purpose  of  not  only  lounging  rooms, 
but  in  many  cases  this  part  of  the  houseboat  is  equipped 
with  pianos,  and  sometimes  large  electrically  operated 
organs,  and  the  saloon,  with  its  smoothly  polished  floor, 
is  readily  convertible  into  a  ballroom.  Either  a  com- 
plete wireless  outfit  or  at  least  a  small  receiving  radio- 
set  is  found  on  practically  all  of  these  boats.  Bathrooms 
are  often  tiled  and  fitted  with  both  hot  and  cold  showers. 
Galleys  contain  iceboxes  of  no  mean  dimensions  and  are 
often  equipped  with  the  latest  electrical  cooking  devices. 
Lighting  is  almost  invariably  by  electricity  and  steam 
or  electric  heating,  a  decided  comfort  on  a  chilly  morn- 
ing, is  used.  Bedrooms,  living  rooms  and  other  quarters 
are  often  finished  in  mahogany  and  furnished  with  ex- 
quisite taste.  In  fact,  many  of  these  boats  are  so  lux- 
urious that  living  in  them  is  as  easy  as  living  at  one  of 
our  best  hotels. 

The  standardized  cruiser  that  made  its  appearance  in 
greater  numbers  last  year  is  a  successful  attempt  to  meet 
the  demand  for  boats  from  people  of  moderate  means. 
Many  companies  are  now  building  such  stock  boats. 
Some  of  them  are  as  small  as  25  ft.  in  length,  while 
others  run  up  to  65  ft.  An  average  size  seems  to  be 
between  30  and  40  ft.  overall  by  8  to  10  ft.  beam.  Several 
builders  are  now  putting  out  such  a  stock  boat  for  from 
$3,000  to  $5,000.  These  boats  have  well-built  cabins 
and  are  equipped  with  every  convenience  required  for  an 
extended  cruise.  Boats  of  this  type  have  shown  great 
development  within  the  past  year.  They  have  gradually 
been  given  more  freeboard,  so  as  to  sit  higher  out  of 
the  water  until  now  they  are  very  able  and  seaworthy 
boats. 

Boats  of  this  type  are  always  well  powered  with  fully 
equipped  engines.  Most  of  the  engines  have  electric 
starters  and  generators  for  developing  current  for  the 
electric    systems.      Such    cruisers    are    all    one-man-con- 


trolled boats,  the  engine  being  started  and  controlled 
by  the  man  at  the  steering-wheel.  Their  interiors  gen- 
erally consist  of  the  cabins,  bath,  kitchen  and  engine- 
room.  For  small  families  or  parties  of  three  or  four 
the  standardized  cruiser  is  an  ideal  boat,  and  one  that 
is  well  within  the  means  of  the  average  boat  enthusiast. 
Many  of  these  cruisers  will  be  seen  this  winter  in  Florida 
waters,  a  large  number  of  them  having  traveled  from  our 
Great  Lakes  section  by  way  of  the  Erie  Canal,  the  Hud- 
son River  and  the  inland  route  along  the  Atlantic  Coast. 
In  Europe  they  would  make  excellent  boats  for  cruising 
around  Southern  Italy,  Sicily  and  the  Mediterranean. 

Where  speed  is  a  consideration  the  V-bottom  boat  is 
becoming  more  and  more  popular.  In  the  races  of  the 
past  year  it  repeatedly  demonstrated  how  well  deserved 
is  this  popularity.  Not  only  does  such  a  boat  show  more 
speed  than  the  round-bottom  type  but  it  is  much  simpler 
in  construction. 

One  or  two  other  features  of  the  industry  deserve 
mention.  There  are,  for  instance,  the  rapid  develop- 
ment of  the  auxiliary  sailing  boat,  and  the  increasing 
popularity  of  the  express  runabout,  a  small  open  boat 
of  perhaps  30  to  35  ft.  that  is  capable  of  speeds  up  to 
50  m.p.h.  These  runabouts  are  equipped  with  high- 
speed engines  of  from  50  to  200  hp.  They  can  be  handled 
readily  by  one  man  and  are  gradually  being  developed 
for  fast  messenger  service. 

In  general,  the  tendency  today  is  to  meet  the  demand 
for  a  less  expensive  boat,  at  no  sacrifice  of  speed,  com- 
fort or  efficiency,  by  the  use  of  standardized  parts  in  the 
engine  and  the  production  of  a  standardized  boat.  In 
fact,  the  price  of  a  boat  of  good  construction  is  down 
to  a  figure  that  is  well  within  the  reach  of  the  average 
man.  In  this  Country  today  the  statement,  "a  boat  for 
everybody,"  can  be  applied  much  more  truthfully  to 
motorboats  than  a  corresponding  statement  can  be  ap- 
plied to  automobiles.  A  complete  motorboat  of  the  small 
open  type,  equipped  with  a  serviceable  engine,  can  be 
bought  new  at  present  for  less  than  $300,  a  figure  con- 
siderably lower  than  the  price  of  even  the  cheapest 
automobile  on  the  market. 

Cyrus  H.  K.  Curtis,  owner  and  publisher  of  the  Satur- 
day Evening  Post,  spends  the  greater  part  of  his  time 
aboard  .his  wonder  yacht  Lyndonia.  In  an  interview 
just  recently  at  Miami,  Fla.,  where  the  Lydonia  is  now 
stationed,  Mr.  Curtis  said: 

Yachting  pays  in  a  score  of  ways.  They  say  you 
cannot  have  your  youth  back,  once  you  have  passed 
the  milestone  of  maturity  and  age.  I  disagree  with 
that.  I  have  had  my  youth  back  and  still  have  it. 
The  sea  knows  no  age,  and  those  who  live  on  it  partake 
in  time  of  the  same  quality  of  strength  and  restful 
motion  that  is  part  of  the  ocean.  I  have  never  felt 
better  in  my  life  than  I  do  today.  I  know  it  is  the 
yacht  that  is  doing  this  for  me.  Life  seems  happier 
on  this  deck,  problems  simpler  and  a  cigar  tastes 
better. 


A  NEW  TYPE  OF  RAIL-CAR 


In  connection  with  the  discussion  on  rail-cars,  reported  in 
The  Journal  for  December,  1922,  attention  is  drawn  to  the 
detailed  description  in  The  Engineer  for  Dec.  29,  1922,  of  the 
European  Diesel-electric  car  mentioned  in  Roy  V.  Wright's 
paper.  This  rail-car  has  an  overall  length  of  70  ft.,  and 
weighs,  empty,  65.52  tons;  it  has  a  seating  capacity  of  69. 
The  powerplant  is  a  six-cylinder,  four-stroke  Diesel  engine 
developing  200  hp.  at  440  r.p.m.,  running  on  tar-oil  injected 
directly  into  the  cylinders  without  the  use  of  air.  The  re- 
turns for  a  full  month's  working  in  branch-line  service  con- 


ditions on  a  46-mile  section  show  an  average  fuel-consump- 
tion of  0.043  lb.  per  ton-mile,  including  the  fuel  used  when 
the  car  is  engaged  in  switching  service,  providing  compressed- 
air  for  the  airbrake  system  and  recharging  the  storage- 
batteries. 

The  trial  runs  made  on  a  branch  line  of  the  Swiss  Federal 
Railroad  system  are  reported  as  having  been  satisfactory  in 
every  respect,  and  it  is  anticipated  that  this  rail-car  will  show 
a  considerable  saving  as  against  the  running  costs  of  the 
ordinary  electric  train. 
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Stationary    Internal-Combustion 
Engineering  Developments1 

By  C.  B.  Segner2 


THE  name  Stationary  Internal  Combustion  En- 
gineering, as  applied  to  the  work  of  a  group  in 
the  Society,  is  somewhat  anomalous,  as  most  of 
our  members  intended  to  be  included  in  this  classifica- 
tion are  interested  principally  in  the  small  general-pur- 
pose portable  and  semi-portable  engines  used  for  driving 
farm  machinery,  concrete-mixers,  gasoline  hoists,  pumps, 
and  apparatus  of  similar  nature.  The  "real"  stationary 
engines  are  those  used  for  driving  factory  apparatus, 
electric  generators,  rolling-mills,  and  other  heavy  machin- 
ery. They  form  the  basis  of  a  very  important  industry 
and  their  design  and  construction  should  be  of  interest 
to  all  our  members,  but  the  activities  of  the  group  of 
the  Society  of  which  I  have  been  vice-president,  seem 
to  have  been  confined  very  largely  to  the  smaller  types 
of  engine  mentioned. 

The  general-purpose  engines  have  been  developed  to 
a  wonderful  degree  of  simplicity,  and  American  methods 
of  production  have  brought  their  cost  very  low.  The 
majority  of  them  are  of  the  single-cylinder  medium- 
speed  type,  using  magneto  ignition  and  being  supplied 
with  a  throttling  governor  and  with  a  carbureter  or  mix- 
ing-valve that  permits  the  use  of  either  kerosene  or 
gasoline  as  a  fuel.  Developments  of  this  class  of  engine 
are  progressing  along  several  different  lines.  Existing 
models  are  being  made  more  reliable  by  the  use  of  better 
magnetos,  carbureters,  and  lubricators. 

Some  of  the  work  formerly  handled  by  the  general- 


1  Annual  report  of  the  Second  Vice-President  representing  sta- 
tionary  internal-combustion  engineering. 

-  M.S.A.E. — Vice- 1 'resident  and  general  manager.  Domestic  Engine 
&  Pump  Co.,  Shippensburg.  Pa. 


purpose  engine  is  now  being  done  by  special  engines  de- 
signed for  specific  purposes.  Among  these  are  the  en- 
gine for  the  isolated  electric  lighting-plant,  the  little 
engine  used  for  driving  the  knotting  mechanism  on  grain 
binders,  and  the  farm  pump  engine.  I  believe,  however, 
that  the  most  important  trend  of  development  is  the  use 
of  multiple-cylinder  automobile  or  tractor  type  engines, 
especially  in  the  larger  sizes,  above  6  or  8  hp.  These 
engines  are  sold  as  complete  power  units  with  all  acces- 
sories, such  as  magneto,  carbureter,  governor,  fuel-tank 
and  power  takeoff,  all  enclosed  in  a  metal  housing.  These 
light,  convenient  and  reliable  powerplants  are  coming 
more  and  more  into  favor,  especially  for  driving  pumps 
and  hoists,  and  for  industrial  work  that  demands  me- 
chanical reliability. 

The  single-cylinder  general-purpose  engine,  because  of 
its  low  cost  and  simplicity,  will  without  doubt  be  built 
and  sold  in  large  quantities  for  many  years  but,  if  I 
may  venture  a  prediction,  I  would  say  that  the  principal 
developments  will  be  in  the  direction  of  special  engines 
for  specific  purposes  and  of  units  for  industrial  purposes. 
In  this  event  the  engines  will  become  more  nearly  like 
the  automobile  and  tractor  engines  in  design  and  equip- 
ment. This  constitutes  another  argument  why  all  en- 
gineers and  production  men  engaged  in  the  "stationary 
internal-combustion  engineering"  industry  should  be 
members  of  the  Society  of  Automotive  Engineers,  in 
which  are  available  the  benefits  of  the  experience  gained 
in  the  development  of  automobile  and  of  aircraft  en- 
gineering, as  well  as  of  the  S.A.E.  Standards  for  mate- 
rials and  dimensions  of  various  component  parts  and 
accessories  of  engines. 


OBITUARIES 


Albert  H.  Miller,  research  engineer  for  the  Nicetown 
Works  of  the  Midvale  Steel  &  Ordnance  Co.,  Philadelphia, 
died  at  his  home  in  that  city  on  Jan.  11,  1923,  aged  42  years. 
He  was  born  on  Aug.  27,  1880,  at  Philadelphia,  and  following 
his  public  school  education  matriculated  at  the  University  of 
Pennsylvania  in  1897,  being  graduated  in  1901  with  the  degree 
of  Bachelor  of  Science  in  mechanical  engineering.  In  1908  he 
took  a  special  course  in  heat-treatment  and  the  structure  of 
steels  at  the  Sorbonne,  in  Paris,  France. 

Mr.  Miller  made  a  life  study  of  the  scientific  features  of 
steel  manufacture.  He  was  particularly  skillful  in  analyzing 
steels  microscopically,  and  in  designating  appropriate  heat- 
treatments  to  secure  the  desired  physical  properties.  At  the 
time  of  his  death  he  was  in  charge  of  the  development  of  new 
products. 

He  was  a  member  of  the  American  Society  for  Steel  Treat- 
ing, and  at  times  read  papers  upon  metallurgical  subjects,  his 
latest    being    one    on    the    Commercial    Heat-Treatment    for 


Structural  Steels,  read  before  the  Washington  section  of  the 
American  Society  of  Mechanical  Engineers.  He  was  also  a 
member  of  the  Philadelphia  Engineer's  Club  and  of  other 
fraternal  and  social  organizations.  He  was  elected  to  Mem- 
ber grade  in  the  Society  on  March  7,  1922. 

Alfred  Thomas  Sturt,  chief  engineer  of  Durant  Motors, 
Inc.,  Long  Island  City,  N^  Y.,  died  of  scarlet  fever  on  Jan. 
23,  1923,  aged  44  years.  He  was  born  at  Flint.  Mich.,  in 
1878  and  received  his  scholastic  education  in  the  Flint  high 
school.  Entering  the  service  of  the  Buick  Motor  Co.  in  1903, 
he  served  it  progressively  until  1912,  when  he  became  as- 
sistant engineer  for  the  Dort  Motor  Car  Co.  In  1913  and 
1914  he  was  chief  engineer  for  the  Mason  Motor  Co.  and  also 
chief  engineer  of  the  Chevrolet  Motor  Co.  in  1915,  later  form 
ing  a  connection  with  Durant  Motors  at  the  time  of  its  or- 
ganization. He  was  elected  to  Member  grade  in  the  Society 
on  Feb.  16,  1916. 
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SHOP   AND   ENGINEER   MUST   COOPERATE 


Detroiters   Say   Team-Work    Is   Essential   in   Successful 
Manufacturing  Organization 

The  promotion  of  a  better  understanding  between  the  fac- 
tory-man and  the  engineer  is  a  theme  rather  worn  with  dis- 
cussion, but  it  served  as  the  topic  of  a  lively  and  successful 
meeting  of  the  Detroit  Section  on  Feb.  2.  Incidentally,  any 
effort  made  toward  accomplishing  the  ideal  of  arm-in-arm 
team-work  between  the  designer  and  the  producer  is  akin  to 
the  times;  there  has  never  been  such  a  decided  tendency  in 
this  direction  since  the  creation  of  the  first  motor-car  as 
there  is  at  the  present  time. 

L.  V.  Cram,  production  engineer  with  the  Chevrolet  Motor 
Co.,  read  a  paper  in  which  he  stressed  the  value  of  a  more 
intimate  contact  between  the  engineering  and  the  manufac- 
turing departments.  He  argued  that  engineering  service 
must  not  be  considered  complete  when  it  provides  satisfac- 
tory drawings,  bill-of-material  and  an  efficient  alteration 
system.  There  is  a  fourth  requisite  equally  important,  the 
presence  of.  an  engineer  of  judgment  in  the  shop  all  the 
time,  keeping  pace  with  production  development,  making 
decisions,  giving  courteous  advice  and  seeing  that  proper 
record  is  made  of  all  improvements  in  method  or  product 
that  originate  in  the  shop.  No  producing  organization 
stands  still  for  a  minute;  ideas  are  germinating  all  the  time 
in  the  interest  of  progress  and  many  of  these  are  worthy 
of  adoption.  It  is  the  function  of  the  engineering  depart- 
ment to  seek  these  out,  pass  judgment  on  them  and  effect 
their  application.  This  necessitates  the  engineer's  presence 
in  the  shop.  It  is  a  mistake  to  take  a  mechanic  from  his 
machine  into  a  private  office  in  the  hope  of  securing  his  ideas; 
the  change  in-  environment  makes  him  self-conscious  and, 
usually,  silent.  Cultivate  the  spirit  of  cooperation  in  the 
shop,  encourage  the  submission  of  suggested  improvements, 
and  the  constantly  improving  product  will  reflect  credit  on 
the  engineer  eventually. 

George  E.  Goddard  read  a  paper  prepared  by  H.  W. 
Hayes  in  which  the  method  of  effecting  alterations  in  the 
Dodge  Bros,  factory  was  explained.  It  was  of  particular 
interest  to  learn  that  a  small  number  of  altered  parts  or 
units  were  run  through  the  complete  manufacturing  and 
assembly  routine  before  an  alteration  was  made  effective 
definitely.  This  procedure  assures  the  clearing  up  of  many 
unanticipated  interferences  and  objections  before  the  altera- 
tion takes  final  form,  thus  eliminating  disagreeable  produc- 
tion tie-ups  when  the  change  becomes  effective. 

Organization  Likened  to  Football  Team 

Walter  Fishleigh,  of  the  Ford  Motor  Co.,  gave  an  inspir- 
ing and  forceful  talk  on  the  oft-ridiculed  philosophy  of  co- 
operation. He  stated  that  the  factories  which  seem  to  accom- 
plish the  greatest  success  are  often  those  with  the  most 
meager  and  undeveloped  system  and  organization.  It  was 
his  belief  that  most  executives  underestimate  the  importance 
of  morale  and  teamwork  in  the  proper  functioning  of  an 
organization.  System  and  organization  rules  were  likened 
to  the  signals  of  a  football  team;  they  are  an  important 
accessory,  but  without  team-play  are  ineffective.  Mr.  Fish- 
leigh is  of  the  opinion  that  all  engineers  are  production  men 
in  this  sense.  Engineering  "departments,"  considered  as 
units  set  apart  and  separated  from  the  shop  by  frosted  glass 
partitions,  should  not  exist.  Engineers  must  come  from  be- 
hind these  partitions,  interest  themselves  in  the  shop  and 
get  acquainted  with  its  men.  This  is  fundamental  to  team- 
work  and   true   organization.     Too   many  partitions   are  di- 


rectly responsible  for  the  feeling  in  some  production  depart- 
ments that  cars  must  be  built  "in  spite  of  the  engineers." 

The  words  "change"  and  "alteration"  should  be  discour- 
aged; substitute  in  their  stead  the  term  "improvement."  Mr. 
Fishleigh  remarked  that  any  change  which  is  not  an  im- 
provement lacks  justification.  No  successful  product  en- 
dures without  constant  improvement  and  this  of  necessity 
means  constant  alterations. 

K.  L.  Herrmann,  0.  E.  Hunt,  T.  J.  Litle,  Jr.,  and  others 
participated  in  the  discussion  following  the  papers. 

Painting,  the  Topic  of  March  Meeting 
L.  V.  Pulsifer,  chief  chemist,  Valentine  &  Co.,  will  address 
the  Detroit  Section  at  its  meeting  on  Friday,  March  2.  His 
topic  will  be  "Painting  Practice  and  Problems  from  the  Chem- 
ist's Viewpoint."  The  meeting  will  be  held  in  the  General 
Motors  Building,  starting  at  8  o'clock  and  will  be  preceded 
by  an  informal  dinner  at  6:30  p.  m. 


DAYTON  HAS  INTERESTING  MEETING 


Members  Hear  Talks  on   Alloy-Steel  Valves  and  Wire, 
Steel  and  Wood  Wheels 

The  Dayton  Section  tried  a  new  feature  as  a  part  of  its 
meeting  program'  on  Feb.  20,  and  it  met  with  considerable 
approval.  Immediately  following  the  dinner,  informal  talks 
were  given  on  the  relative  merits  of  various  forms  of  auto- 
motive wheels.  Louis  H.  Rogge  championed  the  wire  and 
metal-spoke  wheel,  F.  H.  Walkley  supported  the  cast-steel 
wheel,  and  Mr.  Weisner  spoke  for  the  wood-spoke  and  wood- 
disc  wheel. 

Glenn  A.  Toaz  read  an  informative  paper  on  valve  prob- 
lems encountered  in  the  automotive  engine.  His  talk  in- 
cluded historical  sketches  of  different  types  of  valve  that 
have  been  used  in  internal-combustion  engines  and  discussion 
of  their  limitations.  He  traced  the  development  from  the 
cast-iron  valve  up  to  the  recent  silchrome  alloy-steel  type. 
Slides  were  shown  illustrating  the  condition  of  the  different 
valves  and  valve  steels  after  a  life-test  in  engines  and  after 
oxidation  tests  in  furnaces. 


RIVER  BOATS  USE  OIL  ENGINES 


Engineer    Describes    New    Tow-Boats    Developed     for 
Freight  Traffic  on  Mississippi 

Two  of  the  newer  applications  of  the  internal-combustion 
engine  were  considered  at  the  meeting  of  the  Minneapolis 
Section  on  Feb.  7.  Papers  were  read  on  the  Mississippi  River 
tow-boat  and  the  motor  rail-car.  The  former  paper  was  read 
by  J.  Brodie,  engineer  of  the  River  Transit  Co.,  St.  Paul, 
Minn.  He  said  that  the  following  matters  must  be  consid- 
ered in  the  design  of  freight-carrying  boats  due  to  Missis- 
sippi River  channel  conditions:  first,  the  maneuvering  ability 
of  the  stern-wheel  steamboat  of  the  old  type  is  primarily 
essential  for  moving  any  kind  of  load  on  the  river;  second, 
adequate  protection  must  be  given  the  cargo,  in  all  kinds  of 
weather;  third,  cheap  and  dependable  methods  must  be  de- 
vised for  the  handling  of  freight  at  the  terminal;  and  fourth, 
boats  must  be  operated  with  such  frequency  that  sailing  dates 
will  be  close  enough  to  make  the  service  attractive  in  the 
way  of  early  delivery  for  shippers.  Mr.  Brodie  felt  that  the 
fleet  of  tow-boats  built  by  the  Government  at  an  expense  of 
$3,500,000  was  not  entirely  practical  since  the  channel  is  too 
narrow  and  too  crooked  to  steer  long  tows  through  without 
getting  them  stuck.     These  Government  barges  have  a  capac- 
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ity  of  about  1600  tons  each  and  the  tow-boats,  equipped  with 
2000-hp.  engines  are  capable  of  moving  three  or  four  barges 
at  a  time. 

Mr.  Brodie  discouraged  the  old  practice  of  handling  pas- 
sengers and  freight  on  the  same  boat;  the  two  types  of  traffic 
cannot  be  handled  together  profitably  because  of  the  frequent 
stops  necessitated  by  the  freight  service  with  uncontrollable 
delay  at  each  stop.  He  believed  that  the  increased  use  of 
motor  trucks  and  the  extension  of  good  roads  are  discourag- 
ing to  short  water-hauls  but  advantageous  to  long  water- 
hauls. 

For  the  present  at  least,  Mr.  Brodie  recommends  that  river 
freight  barges  be  about  300  ft.  long  and  80  to  100  ft.  wide, 
with  a  draft  not  exceeding  3  ft.  The  size  of  these  boats  could 
be  increased  with  the  development  of  traffic,  but  if  the  most 
efficient  craft  is  put  on  the  river  at  the  start,  the  amount  of 
freight  that  the  carrier  can  get  will  not  be  sufficient  to 
secure  maximum  efficiency  from  the  craft.  There  is  some 
question  whether  a  self-propelled  boat  or  a  tow-boat  with 
barges  is  more  practical.  The  barge  system  is  more  flexible 
since  barges  can  be  left  at  docks  for  loading  or  unloading 
and  the  tow-boat  itself  can  be  kept  in  operation  continually. 
With  the  barge  system,  a  single  crew,  specialized  in  the  mov- 
ing of  barges  with  an  efficient  tow-boat,  can  move  consider- 
ably more  freight  than  with  any  other  method.  This  is  due 
largely  to  the  fact  that  one  specialized  crew  handles  opera- 
tion and  another  the  loading  and  unloading  of  the  barges. 
The  self-propelled  boat  has  the  advantage  of  being  able  to 
move  anywhere  as  soon  as  its  load  is  removed;  sailings  will  be 
more  frequent  and  this  feature  alone  is  sufficient  in  some 
cases  to  demand  the  use  of  the  self-propelled  boat.  Its 
greatest  disadvantage  is  that  the  navigating  crew  and  en- 
gines are  idle  while  the  boat  it  at  the  dock. 

With  the  stern-wheel  tow-boat,  the  slow  motion  of  the 
paddle-wheel  makes  the  application  of  the  direct-connected 
steam-engine  by  far  the  most  simple  mechanism.  The  weight 
of  the  boiler,  engines  and  fuel  in  such  a  boat  is  a  great  dis- 
advantage; in  addition,  fueling  with  coal  ties-up  the  equip- 
ment too  long  a  time.  The  small  amount  of  power  required 
on  each  unit  makes  the  oil-burning  internal-combustion  en- 
gine readily  adaptable.  The  possibility  of  one  man  operat- 
ing both  the  steering  mechanism  and  the  engine  is  another 
feature  favoring  the  automotive  engine.  The  transmission 
of  power  is  the  big  problem  when  utilizing  the  internal- 
combustion  engine.  This  is  largely  due  to  the  fact  that  the 
use  of  propellers  in  tunnels  in  the  hull  of  the  boat  has  not 
proved  entirely  satisfactory.  One  of  the  necessities  in  tow- 
boat  operation  is  ability  to  back  with  a  strong  sidewise  force 
and  this  quality  is  not  pronounced  in  the  tunnel-propeller 
boats.  It  is  generally  agreed  that  there  is  no  means  of  pro- 
pulsion as  effective  in  steering  and  stopping  as  the  stern 
wheel  with  rudders  both  in  front  of  and  behind  it.  Mr. 
Brodie's  organization  is  planning  to  use  a  tractor  transmis- 
sion between  the  engine  and  the  paddle-wheel,  throwing  the 
engine  out  of  engagement  and  applying  brakes  to  the  paddle- 
wheel  until  it  is  stopped;  the  clutch  can  then  be  engaged  for 
driving  in  the  reverse  direction.  He  intends  to  use  a  75-hp. 
engine  that  will  be  capable  of  driving  the  boat  at  a  speed 
of  8  m.p.h.  in  still  water.  This  speed  is  about  as  great  as 
can  be  obtained  efficiently  during  the  low-water  periods  on 
the  Mississippi  River  and  Mr.  Brodie  considers  any  additional 
power  would  be  wasted. 

The  paper  on  motor  rail-cars  was  read  by  E.  Russell  Greer, 
engineer  of  the  Service  Transfer  Co.,  St.  Paul,  Minn.  This 
paper  was  principally  a  resume  of  the  material  already  pub- 
lished on  the  motor  rail-car  and  included  a  description  of  the 
car  designed  by  C.  O.  Guernsey  and  operated  by  the  Great 
Northern  Railway.  This  particular  car  is  mounted  on  two 
trucks  each  having  four  wheels;  the  wheels  have  rubber 
cushions  mounted  between  the  steel  rim  and  the  flanges  to 
absorb  shocks.  All  four  wheels  of  the  front  truck  are  posi- 
tively driven  by  a  four-cylinder  engine  developing  66  hp. 
The  car  seats  44  persons  and  is  provided  with  baggage  space; 
it  runs  200  miles  a  day  and  is  operated  by  a  crew  of  two 
men.  It  was  interesting  to  note  that  the  car  does  not  carry 
the  standard  railroad   couplers  which  weigh  400   to  500   lb. 


apiece.  A  standard  railroad  airbrake  system  is  used,  the 
compressor  being  driven  by  the  engine.  The  engine  instal- 
lation is  arranged  so  that  the  entire  powerplant  can  be 
removed  from  the  car  for  overhauling  and  replaced  with  a 
new  unit  without  tying-up  the  entire  equipment. 

The  next  meeting  of  the  Minneapolis  Section  is  scheduled 
for  the  evening  of  March  7,  when  Charles  Boehnlein  of  the 
University  of  Minnesota  faculty  will  outline  the  Development 
of  the  Modern  Airplane.  The  meeting  starts  at  8  o'clock  in 
the  Builders'  Exchange  headquarters. 


NEW  HEAD-LAMP  ILLUMINATION  CHART 

A  new  method  of  graphic  representation  of  head-lamp 
illumination  will  be  presented  as  part  of  a  paper  on  Road 
Lighting  to  be  read  by  F.  H.  Ford  at  the  Mid-West  Section 
meeting  on  the  evening  of  March  23.  Mr.  Ford  has  expe- 
rienced difficulty  in  presenting  comparative  data  on  non- 
glare  lens  effectiveness  to  engineers  who  have  never  used 
photometric  charts.  He  has  developed  a  new  chart  that  pre- 
sents these  data  in  a  simplified  form  showing  clearly  the 
variations  in  light  intensity.  Other  interesting  material  on 
lenses,  reflectors  and  road-illumination  will  be  a  part  of  the 
paper.  The  meeting  will  be  held  in  the  rooms  of  the  West- 
ern Society  of  Engineers,  Monadnock  Building,  starting  at 
8  o'clock. 


TRUCK  OPERATION  TO  BE  FEATURED 


Society    Meeting    at    Cleveland    in    April    Appeals    to 
Operators  and  Manufacturers 

The  Meetings  Committee  has  set  the  dates  of  April  26  to  28 
for  the  National  Meeting  on  Automotive  Transportation. 
The  Hotel  Winton  has  been  selected  as  headquarters  for  the 
meeting.  It  is  centrally  located  and  has  a  large  garage 
adjacent  to  it  where  members  driving  to  the  meeting  can 
store  their  cars. 

Several  papers  have  been  definitely  secured  by  the  Com- 
mittee for  presentation  at  the  Meeting.  F.  C.  Horner,  motor 
transport  engineer  with  the  General  Motors  Corporation, 
will  describe  some  of  the  successful  methods  of  operation 
being  practiced  in  large  European  cities.  This  paper  will  be 
accompanied  by  numerous  stereopticon  illustrations  and  mo- 
tion pictures.  Types  of  bodies,  loading  and  unloading  equip- 
ment, and  methods  of  routing  and  dispatching  will  be  de- 
scribed by  him.  A  second  paper  on  motor -truck  operation  is 
being  written  by  S.  G.  Thompson,  chief  transportation  engi- 
neer of  the  White  Motor  Co.,  in  collaboration  with  A.  J.  Scaife. 
This  paper  will  describe  methods  of  controlling  the  operation 
of  a  fleet  of  motor  vehicles  and  include  the  practices  of  some 
of  the  most  successful  motor-transport  organizations. 

Major  Brainerd  Taylor,  of  the  Motor  Transport  Corps  of 
the  Army,  will  read  a  paper  describing  an  emergency  system 
of  motor-truck  transportation  that  the  Army  was  prepared 
to  set  up  and  operate  in  case  of  failure  of  the  national  trans- 
portation system  during-  the  railroad  strike  of  1922.  This 
paper  includes  much  of  the  experience  of  the  Army  transport 
officers  resulting  from  the  stupendous  task  of  carrying  on  the 
truck  transportation  of  the  Service  of  Supply  in  France  dur- 
ing the  War.  S.  Von  Amnion,  of  the  Bureau  of  Standards 
at  the  City  of  Washington,  will  read  a  paper  on  the  motor- 
truck axle  tests  that  have  been  conducted  by  the  Bureau. 
These  tests  have  resulted  in  the  gathering  of  extremely  val- 
uable data  on  the  efficiency  of  motor-truck  axles.  Prof. 
W.  E.  Lay,  of  the  University  of  Michigan,  will  contribute  a 
paper  describing  some  of  the  motor-truck  testing  work  that 
has  been  done  by  the  University  staff  to  determine  the 
gradient  of  highways  that  will  be  conducive  to  maximum 
economy  of  vehicle  and  road  when  the  two  are  considered 
jointly. 

Several  other  valuable  papers  are  being  considered  for 
the  program  of  this  Automotive  Transportation  Meeting. 
It  is  evident  that  the  sessions  will  contain  much  valuable 
material  for  both  the  constructor  and  the  operator  of  trucks. 
It  is  expected  that  many  motor-truck  operators  will  attend 
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the  meeting:,  particularly  railroad  representatives.  Watch 
your  future  issues  of  the  Meetings  Bulletin  for  further  de- 
tails of  the  program.  In  the  meantime,  make  arrangements 
to  be  in  Cleveland  on  April  26  to  28. 


SPRING  LAKE  SUMMER  MEETING  SITE 


Jersey  Coast  Resort  Selected  Because  of  Its  Unusually 
Attractive  Features 

The  Summer  Meeting  of  1923  will  be  held  at  Spring  Lake, 
N.  J.,  June  19  to  23.  This  announcement  was  made  by 
Mason  P.  Rumney,  chairman  of  the  Meetings  Committee, 
at  the  Chicago  Dinner  and  in  a  recent  issue  of  the  Meetings 
Bulletin.  The  selection  was  made  after  a  careful  canvass 
of  all  other  available  resorts  in  the  East  and  Middle  West. 
To  those  who  strongly  recommended  a  return  to  White  Sul- 
phur Springs  it  should  be  stated  that  the  West  Virginia 
resort  could  not  accommodate  us  this  year  because  its  build- 
ing program  involves  the  razing  of  the  White,  thus  limit- 
ing attendance  to  the  capacity  of  the  Greenbrier.  The  Com- 
mittee feels  that  Spring  Lake  possesses  the  meeting  and 
sport  facilities  of  White  Sulphur  Springs,  with  the  added 
attractions  that  are  a  part  of  a  great  seashore  resort. 

Spring  Lake  is  situated  on  the  Atlantic  Coast  between 
the  better-known  Atlantic  City  and  Asbury  Park.  It  has 
all  of  the  climatic  and  geographical  advantages  of  these  two 
resorts  without  the  congestion  and  bustle.  The  Hotel  Mon- 
mouth and  the  Essex  and  Sussex  are  comparable  with  the 
finest  resort  hotels  along  the  coast;  a  majority  of  the  rooms 
have  private  bath.  Spring  Lake  is  easily  accessible  by  rail 
through  the  New  York  City  and  Philadelphia  terminals, 
being  only  two  hours  from  these  cities.  The  Society  has 
secured  reduced-fare  concessions  from  the  railroads  from 
nearly  all  points  in  the  automotive  districts  east  of  Chicago. 
Recreational  facilities  at  Spring  Lake  include  two  18-hole 
golf  courses,  numerous  tennis-courts,  baseball  field,  ocean 
bathing,  swimming-pool,  trapshooting  and  saddle  horses. 
The  climate  in  June  is  moderate. 

Special  issues  of  the  Meetings  BulletinwiW  reach  the  entire 
membership  in  advance  of  the  Summer  Meeting  and  to  these 
will  be  left  the  task  of  giving  in  picture  and  printed  word  all 
of  the  attractive  features  of  Spring  Lake,  and  the  important 
engineering  and  business  sessions  that  will  be  arranged  as 
a  part  of  the  Summer  Meeting. 


BUFEALO  SECTION  MARCH  MEETING 

J.  Edward  Schipper,  technical  writer,  will  address  the 
meeting  of  the  Buffalo  Section  on  the  evening  of  March  16. 
He  will  present  a  study  of  the  trend  in  passenger-car  devel- 
opment as  exemplified  by  the  New  York  City  and  Chicago 
Show  exhibits.  The  meeting  will  be  held  at  the  Buffalo 
Engineers'  Club  in  the  Iroquois  Hotel,  starting  at  8  o'clock. 


GOVERNING   FACTORS   IN  AUTOMOBILE 
SERVICE 

Inspiring  Papers  and  Discussion  at  Chicago  Service 

Meeting 

It  is  obvious  that  the  prestige  and  lasting  success  of  auto- 
motive companies,  particularly  those  engaged  in  the  passen- 
ger-car and  motor-truck  fields,  depend  upon  the  satisfaction 
their  products  render.  Service  is  an  integral  part  of  then- 
activities  that  cannot  be  long  ignored.  To  maintain  position 
in  the  highly  reputable  and  prosperous  way  that  it  should 
be  maintained,  and  will  be  maintained  by  those  who  shall 
survive  through  coming  years,  motor-vehicle  builders  and 
dealers  must  meet  in  a  fair  and  square  manner  their  re- 
sponsibilities which  are  inextricably  linked  with  the  needs 
of  their  car-using  customers.  One  of  the  first  thorough- 
going reductions  to  practice  in  scientific  and  engineering 
progress   should   be    in   the   maintenance    of   the   millions    of 
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motor  cars  now  in  operation,  not  to  speak  of  the  many  mil- 
lions more  to  come.  The  longer  the  comprehensive  solving 
of  this  service  problem  is  deferred,  the  more  arduous  it  will 
be  to  accomplish.  The  establishing  as  fully  as  possible  of 
desirable  conditions  in  the  very  complex  and  widely  scattered 
field  of  automobile  service  requires  long  and  thorough  study 
by  the  best  brains  of  the  industry. 

The  Technical  Sessions 

At  the  Service  Meeting  of  the  Society  held  in  Chicago  on 
Jan.  81,  much  definite  information  was  given  and  many 
pertinent  data  submitted  in  this  connection  by  well  qualified 
men  who  presented  papers  and  took  part  in  the  discussion. 
Don  T.  Hastings,  who  is  vice-president  in  charge  of  service 
for  Hupmobiles  in  Detroit  territory,  described  in  a  clear 
manner  the  system  that  he  and  his  associates  have  estab- 
lished, and  related  convincingly  his  views  on  the  so-called 
flat-rate  method  of  conducting  a  service-station.  J.  F.  Page, 
general  manager  of  service  of  the  Packard  Motor  Car  Co.  in 
Chicago,  suggested  various  things  that  he  felt  a  motor-car 
builder  should  do  in  the  way  of  cooperating  with  dealers. 
O.  C.  Funderburk,  who  is  a  distributor  of  Lincoln  and  of 
Ford  cars  in  Boston,  prepared  for  the  meeting  a  paper  out- 
lining the  fundamental  considerations  according  to  which 
he  believes  a  service-station  should  be  organized,  and  nar- 
rated in  considerable  detail  salient  features  of  the  main- 
tenance service  which  he  has  been  instrumental  in  providing 
for  the  cars  mentioned.  A.  H.  Packer,  of  the  Motor  Age 
staff,  described  graphically  the  many  essentially  important 
benefits  to  be  had  through  suitable  standardization  of  elec- 
trical equipment  such  as  generators  and  motors  of  automo- 
biles, with  special  reference  to  maintenance.  The  papers 
presented  by  Mr.  Hastings  and  by  Mr.  Page  were  included 
in  the  February  issue  of  The  Journal.  Mr.  Funderburk's 
paper,  as  well  as  that  of  Mr.  Packer,  is  included  in  this  issue. 

The  Flat-Rate  System 

Mr.  Hastings  said  that  the  men  working  in  his  shop  under 
the  flat-rate  system  earn  about  25  per  cent  more  than  they 
would  earn  if  employed  by  the  day  or  according  to  the  cus- 
tomary hour-rate.     He  believed  that  perhaps  the  chief  merit 
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of  the  fiat-rate  system  is  its  appeal  to  the  car-owner  in  that 
he  knows  what  a  given  job  will  cost  him  before  work  on  it 
is  started;  the  rates  being  low  enough  so  that  there  is  no 
adverse  criticism  of  the  amounts  charged.  The  customer  is 
informed  in  advance  of  what  the  charge  for  new  parts  and 
material  will  be,  if  it  can  be  foretold  to  what  extent  these 
will  be  necessary  in  the  handling  of  the  job.  In  reply  to 
the  view  that  was  expressed  at  the  meeting  that  the  flat-rate 
system  cannot  be  entirely  fair  to  all  car-owners,  Mr. 
Hastings  said  that  the  time  necessary  to  take  on  jobs  does 
not  vary  25  per  cent  in  amount  from  minimum  and  maximum 
times  except  in  extreme  cases  and  that  the  general  result  is 
that,  whereas  one  customer  will  not  always  gain  as  much 
as  another  in  the  reduction  of  a  charge,  all  of  the  customers 
gain  in  this  respect  owing  to  the  general  speeding-up  of  the 
work  going  through  the  shop.  He  asserted  that  fairness 
is  the  fundamental  basis  of  all  service  that  is  good.  The 
customer  at  his  option  concurs  as  to  the  fairness  of  a  charge 
before  the  work  is  started.  Mr.  Hastings  was  of  the  opinion 
that  a  car-user  would  in  the  long  run  pay  more  for  repair 
work  if  he  had  it  done  on  the  basis  of  time-unit  charging. 
Secretary  Cobleigh,  of  the  Service  Committee  of  the  National 
Automobile  Chamber  of  Commerce,  said  that  the  average 
cost  of  repairs  is  always  lower  in  the  flat-rate  system  than 
in  the  observance  of  the  older  basis.  He  felt  that  even  the 
careless  car-owner  gets  his  maintenance  work  done  at  a 
lower  price  when  the  flat-rate  method  of  charging  for  ser- 
vice is  followed. 

Scope  and  Magnitude  of  Maintenance 

Clyde  Jennings,  editor  of  Motor  Age,  presided  at  the  after- 
noon session  of  the  meeting.  He  pointed  out  that  main- 
tenance, which  term  he  prefers  to  service  in  connection  with 
the  matters  under  discussion,  is  a  larger  field  of  endeavor 
than  direct  automobile  production,  from  the  standpoint  of* 
the  number  of  people  concerned  and  also  with  regard  to  the 
amount  of  money  involved  in  the  annual  turnover.  About 
%2, iiOO.OOO.OOO  worth  of  new  cars  was  sold  at  retail  during  the 
year  1922.  The  expenditure  relating  to  maintenance,  pur- 
chase of  parts  and  labor  was  about  $5,000,000,000  during  the 
same  period.  He  stated  emphatically  that  the  big  thing 
before  the  automotive  industry  is  service,  this  being  a  grow- 
ing business.  Many  automotive  engineers  are  devoting  their 
entire  time  to  service  problems,  working  out  some  of  the 
almost  unlimited  details  involved.  He  said  that  the  flat-rate 
system  is  of  great  value  in  "selling"  maintenance,  which 
must  be  made  an  easily  understandable  as  well  as  properly 
conducted  thing. 

Mr.  Funderburk,  in  his  paper  on  the  servicing  of  Lincoln 
and  Ford  cars,  gave  detailed  information  with  regard  to 
various  tools  that  had  been  devised  for  the  maintenance 
equipment.  The  members  who  reside  near  or  shall  have 
occasion  to  visit  Boston  are  advised  to  call  upon  Mr.  Funder- 
burk, as  he  has  generously  expressed  a  willingness  to  show 
them  through  the  shops  of  his  company.  Mr.  Hastings  also 
will  welcome  any  of  the  members  who  wish  to  inspect  his 
service-plant  in  Detroit. 

J.  W.  Lord,  service  manager  for  Pierce-Arrow  cars  in 
New  York  City,  felt  that  it  would  be  better  for  the  vehicle 
distributors  to  provide  maintenance  of  electrical  equipment 
themselves  instead  of  having  their  customers  depend  for 
this  upon  the  different  manufacturers  of  the  electrical  equip- 
ment furnished  on  their  cars. 

The  discussion  at  the  two  technical  sessions  of  the  meeting 
was  very  interesting  and  distinctly  valuable.  There  was  a 
keen  appreciation  of  the  necessity  for  further  study  and  dis- 
cussion of  the  vital  principles  at  issue  in  the  conduct  of  satis- 
factory service.  The  time  to  take  intelligent  action  is  in 
advance  of  the  coming  of  obstacles  that  may  be  nearly  insur- 
mountable, and  there  is  good  prospect  that  those  engaged  in 
the  design,  production  and  servicing  of  automotive  vehicles 
will  do  more  and  better  work  on  the  many  great  problems  of 
car  maintenance  before  the  industry.  As  indicated  herein, 
several  excellent  texts  were  presented  at  the  Chicago  Service 
Meeting.  It  is  earnestly  recommended  that  the  members  give 
close  attention  to  them. 


The  dinner  held  at  the  Congress  Hotel  on  the  evening  of 
Jan.  31  was  a  decidedly  enjoyable  and  inspiring  occasion. 
Major  Godfrey  H.  Atkin  did  the  toastmastering  in  a  very 
acceptable  manner.  Edward  S.  Jordan,  president  of  the 
Jordan  Motor  Car  Co.,  was  the  principal  speaker  of  the 
evening. 

Address  by  Edward  S.  Jordan 

The  members  were  very  deeply  interested  in  what  Mr. 
Jordan  had  to  say  in  speaking  to  the  subject,  The  Greatest 
Business  in  the  World. 

Mr.  Jordan  said  that  to  secure  accurate  information  on  the 
idiosyncrasies  of  various  prominent  members  of  the  Society 
he  had  visited  the  geographical  center  of  the  automobile  in- 
dustry, namely,  the  barber-shop  of  the  Detroit  Athletic  Club; 
the  said  geographical  center  having  been  formerly  the  bar 
of  the  Hotel  Pontchartrain  in  Detroit.  After  paying  his  com- 
pliments to  the  various  colonels  associated  with  the  Society, 
he  expressed  the  opinion  that  nevertheless  the  industry  is 
as  sound  as  a  nut. 

The  speaker  presented  the  view  that,  judging  from  the 
current  volume  of  production,  a  total  of  3,000,000  new  auto- 
mobiles will  be  made  in  this  country  this  year.  He  pointed 
to  the  fact  that  if  2,500,000  automobiles  are  built  this  year  it 
is  reasonable  to  suppose  that  in  addition  at  least  1,000,000 
used  cars  will  have  to  be  sold  during  the  same  period. 

Mr.  Jordan  made  it  clear  that  the  fundamental  thing 
behind  success  in  those  things  on  which  transportation  is 
based,  is  service.  Essentials  of  the  automobile  business  are 
men,  money,  good  merchandise  and  a  market.  Of  these,  men 
are  the  most  important,  and  they  must  have  the  spirit  to 
serve  well ;  a  knowledge  of  the  business ;  and  know  what  they 
are  doing,  where  they  are  going,  and  what  they  are  trying 
to  accomplish.  They  must  recognize  what  service  means, 
have  courage  to  stop  watching  the  man  across  the  street  and 
to  analyze  their  own  business  and  possess  basic  honesty. 

In  the  course  of  his  address,  Mr.  Jordan  reiterated  what 
he  said  at  a  meeting  of  the  Detroit  Section  of  the  Society 
some  months  ago,  namely,  that  the  determining  factor  in  the 
automobile  business  is  not  original  list-price  but  the  second- 
hand price;  stating  that  millions  of  car-owners  would  take 
delivery  of  new  automobiles  promptly  if  the  dealers  in  their 
localities  could  allow  them  what  they  consider  enough  for 
their  present  machines.  That  is  the  limiting  factor  of  the 
business.  The  production  end  of  the  industry  has  been 
developed  fairly  well,  and  the  factory  capacity  is  consider- 
ably beyond  that  needed  to  meet  the  current  demand  for  cars. 
The  merchandising  stage  has  been  reached,  and  we  are 
approaching  the  fundamental,  vital  stage,  that  of  service. 
Mr.  Jordan  continued: 

When  a  man  gets  tired  of  walking,  and  of  riding  a 
bicycle  or  a  motorcycle  or  in  a  street-car,  he  buys  a 
Ford.  It  is  a  matter  of  social  progress  from  that  time. 
After  he  buys  a  Ford  he  saves  some  money,  stays 
home  nights  and  is  under  the  influence  of  his  wife. 
Then  he  gets  a  Dodge.  He  still  is  making  social 
progress.  Later,  some  Sunday  morning,  his  wife  notices 
a  neighbor  with  a  ear  that  is  always  coming  along  with 
the  cut-out  open;  this  cut-out  says,  "I  am  coming 
socially."  It  is  the  Buick  coming-  up  the  hill.  As  the 
Buick  passes  over  the  hill  she  decides  that  she  ought  to 
have  a  car  in  that  field.  They  have  arrived  at  the  dead- 
line of  big-volume  production,  with  the  possible  excep- 
tion of  the  Cadillac. 

Leaving  the  Buick,  we  reach  what  we  call  the  kiss- 
able  buyers.  The  daughter  comes  home  from  college 
and  the  five  family  factors  begin  to  operate:  Father, 
who  thinks  in  terms  of  economy;  mother,  who  thinks 
of  her  children's  opportunity;  the  daughter,  who  thinks 
of  social  prestige  and  a  happy  marriage;  the  boy  who 
thinks  travel,  speed  and  pep.  Then,  there  is  a  pet  in 
every  family;  a  horse,  a  dog,  an  automobile,  a  bank 
account,  or  a  victrola  or  some  other  pride-possession. 
We  have  got  to  sell  them  on  the  possession  of  an  auto- 
mobile and  what  it  can  do  for  them. 

Those  four  human  factors  can  function  only  through 
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their  five  senses;  sight,  which  is  color,  the  daughter 
wants  the  house  painted  a  different  color  when  she 
gets  home  from  college;  feeling,  she  wants  a  steam- 
heating  system;  taste,  she  wants  a  cook  in  the  kitchen; 
atmosphere,  she  wants  a  rug  and  a  picture;  and  hear- 
ing, she  wants  a  victrola,  and  she  doesn't  want  any 
noise  in  the  transmission. 

THE    SECRET    OF    SUCCESS 

I  will  tell  you  what  I  believe  is  the  secret  of  success 
in  any  business.  If  you  have  an  engineer  who  has 
brains  and  common  sense  and  does  not  think  he  is  a 
better  engineer  than  ever  lived  before  on  the  face  of 
the  earth,  he  will  just  try  day  after  day,  not  to  revo- 
lutionize the  industry,  but  to  take  what  men  of  intelli- 
gence have  done  before  and  build  on  that,  and  keep  on 
improving  and  improving  and  gradually  raising  his 
curve  of  effectiveness;  if  your  purchasing  agent  has 
brains  enough  and  is  well  supported,  he  will  go  on 
buying  with  the  idea  of  improving  the  service  ren- 
dered by  the  product  for  which  he  is  buying  mate- 
rials, and  his  curve  naturally  rises;  and  it  follows 
naturally  that  the  production  curve  rises,  the  selling- 
curve  rises,  the  cost  curve  goes  down,  the  cost-of-ser- 
vice  curve  goes  down,  the  profit  curve  gradually  rises 
and  there  is  more  money  coming  into  the  accounting- 
department  than  is  going  out,  and  you  are  a  success 
in  business,  and  get  an  invitation  to  address  the  Soci- 
ety of  Automotive  Engineers.  There  is  nothing  mag- 
ical about  it.  It  is  just  a  matter  of  deciding  each 
day  what  you  know  to  be  right,  rejecting  what  you 
know  to  be  wrong-. 

How  are  we  to  find  out  what  to  do  in  our  business? 
There  is  only  one  way.  If  you  are  an  engineer,  do  not 
ask  the  sales  manager.  He  doesn't  know;  he  thinks  he 
knows.  Don't  ask  the  production  man.  Don't  ask  the 
fellow  across  the  street.  Ask  the  fellow  we  are  all 
working  for,  the  owner  of  the  automobile.  He  will 
tell  you  all  about  what  to  do  to  your  automobile;  he 
knows  all  about  it.  If  you  see  enough  of  him  and  get 
in  touch  with  him,  you  do  not  need  to  know  what  the 
sales  manager  thinks  because  you  know  what  the  man 
wants. 

One  question  that  is  very  often  asked  is,  Who  will 
survive?  It  does  not  make  any  difference  to  me  how 
many  companies  there  are  in  the  business  today. 
It  does  not  make  any  difference  to  me  how  many  cars 
they  built  last  year.  The  question  is,  What  kind  of 
service  have  they  built  into  their  automobiles?  How 
much  will  they  be  worth  1,  2  and  3  years  from  now? 
Those  who  serve  best  will  survive.  If  you  are  engi- 
neering honestly,  purchasing  intelligently,  producing 
carefully,  inspecting  right,  rendering  the  greatest  pos- 
sible service,  selling  according  to  a  definite  policy  and 
never  changing,  not  being  guided  by  the  man  across 
the  street,  not  simply  trying  to  out-produce  or  out-sell 
or  out-engineer  some  fellow  around  the  corner,  but 
going  on  day  after  day  building  a  little  better,  pricing 
your  product  as  best  you  can,  from  the  standpoint  of 
your  facilities  and  overhead  expense  and  rendering  a 
higher  degree  of  service  day  by  day,  trying  honestly 
and  intelligently  to  render  more  service  and  deliver  a 
better  dollar's  worth  of  transportation  to  the  man 
who  drives  your  automobile,  that  is  the  best  you  can 
do,  and  that  will  keep  you  in  the  automobile  industry. 
There  are  only  a  few  experts  in  any  line  of  business. 
There  are  only  a  few  good  salesmen.  But  I  can  tell 
any  young  fellow  in  this  Country  how  to  make  a  suc- 
cess in  selling  automobiles  or  anything  else.  The  first 
thing  he  has  to  do,  whether  he  is  an  engineer,  a  pur- 
chasing agent  or  a  production  man,  is  to  make  every 
man  around  him  feel  that  he  is  sincerely  trying  to 
render  a  service  to  somebody  else.  Once  he  makes  up 
his  mind  that  he  will  do  that;  sets  out  definitely  to  do 
it,  keeping  in  mind  the  other  fellow  and  the  service 
that  he  is  rendering  to  him;  and  puts  his  heart  and 
his  soul  into  it,  you  just  can't  stop  him. 


SKIRMISH  OF  DESIGNERS  AND  SERVICE-MEN 


Inaugural   Joint   Meeting  of  Metropolitan   Section   and 
Service  Association 

E.  J.  Rabidoux,  president  of  the  Automotive  Service  Asso- 
ciation of  New  York,  and  W.  E.  Kemp,  chairman  of  the 
Metropolitan  Section  of  the  Society,  were  umpires  at  the 
joint  meeting  of  the  two  organizations  held  at  the  Automo- 
bile Club  of  America  last  month.  Lee  Eastman,  president  of 
the  Packard  Motor  Car  Co.  of  New  York,  and  of  the  Auto- 
mobile Merchants'  Association  of  New  York,  was  referee. 
The  session,  which  was  largely  attended  by  service  managers 
of  automobile  distributors  doing  business  in  metropolitan 
territory,  was  devoted  to  service-station  problems.  It  was 
the  first  meeting  of  the  kind  that  has  been  held  and  consti- 
tuted an  excellent  beginning  of  more  intimate  contact  between 
and  inci-eased  effectiveness  of  designers  of  motor  vehicles 
and  service-men.  Throughout  the  discussion  there  was  a 
marked  tendency  to  distinguish  between  engineers  and  ser- 
vice-men with  regard  to  their  technical  qualifications.  It  is 
a  fact,  however,  that  the  two  fields  are  not  mutually  exclu- 
sive in  this  respect  as  there  is  plenty  of  room  for  engineer- 
ing training  and  ability  on  the  part  of  service-men.  Mr. 
Eastman  paid  very  generous  tribute  to  the  designing  engi- 
neers for  their  accomplishments  in  recent  years  and  spoke 
of  the  service-men  as  their  younger  brothers.  He  said,  more- 
over, that  the  engineering,  business  and  service  elements  of 
the  automotive  industry  should  dovetail  closely.  He  warned 
the  service-men  not  to  tell  everything  they  knew  at  this 
meeting-. 

J.  W.  Lord,  service  manager  of  Harrolds  Motor  Car  Co., 
which  handles  the  Pierce-Arrow  product  in  New  York  City, 
presented  a  paper  on  the  subject,  Does  Factory  Organization 
Give  Full  Consideration  to  Service-Station  Problems?  He 
pointed  to  the  fact  that  the  public  is  demanding  better, 
cheaper  and  more  prompt  repairs  and  that  there  is  increasing 
realization  that  maintenance  has  not  received  the  close  study 
which  has  been  given  to  automobiles  from  the  production 
and  the  performance  standpoints.  He  took  as  a  theme  that 
the  manufacturer  who  can  sell  the  most  miles  per  gallon 
of  reliable  truck  transportation  is  the  one  to  whom  the  pub- 
lic will  come  with  its  transportation  problems.  There  are 
fundamental  service  problems  that  must  be  solved  while  the 
vehicles  are  being  designed  and  produced.  There  is  a  feel- 
ing in  the  field  that  the  engineers  in  the  factories  are  in- 
clined to  be  arrogant  and  obstinate.  Mr.  Lord  felt  that  this 
condition  will  be  obviated  as  the  factory  engineer  takes  more 
interest  in  service  problems  and  becomes  more  closely  in 
contact  with  service  and  maintenance.  He  is  of  the  opinion 
that  the  flat-rate  service  is  the  most  satisfactory  method  of 
selling  maintenance  and  that  it  will  become  general;  also  that 
the  flat  labor-rate  plus  the  cost  of  material  is  liable  to  make 
the  final  charge  to  the  customer  greater.  The  maintenance 
of  the  flat-rate  service  depends  on  the  possibility  of  doing 
the  same  job  on  any  car  or  truck  of  given  make  and  model 
in  approximately  the  same  time.  With  regard  to  the  use 
of  private  parts,  Mr.  Lord  pointed  to  the  significant  fact 
that  the  makers  of  these  parts  are  doing  a  flourishing  and 
growing  business,  concluding  that  it  is  not  clear  that  their 
products  are  not  giving  fair  service. 

Past-President  Bachman,  who  had  prepared  a  paper  in 
connection  with  that  of  Mr.  Lord,  said  that  in  cases  where 
the  designing  engineer  can  be  criticised  justly  for  arrogance 
the  service-man  is  frequently  reprehensible  for  the  impetu- 
osity with  which  he  makes  and  supports  assumptions.  He 
explained  that  it  is  an  arduous  job  for  a  designer  to  make 
and  maintain  personal  contact  with  a  multitude  of  dealers. 

Mr.  Bachman  argued  that  undue  merit  has  been  claimed 
for  flat-rate  system,  stating  that  it  is  not  the  only  method 
which  can  be  made  satisfactory  to  the  car  user.  To  make 
the  price  for  work  acceptable  it  must  appear  in  the  buyer's 
mind  to  be  fair  and  be  based  on  an  accurate  method  of  deter- 
mining the  cost.     There  are  flat-rate  prices  for  service   re- 
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Research  Topics  and  Suggestions 

THE  Research  Department  plans  to  present  under  this  heading  each  month  a  topic  that  is  pertinent  to  the 
general  field  of  automotive  research,  and  is  either  of  special  interest  to  some  group  of  the  Society  member- 
ship or  related  to  some  particularly  urgent  problem  of  the  industry.  Since  the  object  of  the  department  is  to  act 
as  a  clearing-house  for  research  information,  we  shall  be  pleased  to  receive  the  comments  of  members  regarding 
the  topics  so  presented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 

FUEL  WASTE,  ITS  CAUSES  AND  REMEDIES 


THE  Society  of  Automotive  Engineers  recently  was  re- 
quested to  have  representatives  testify  before  the  United 
States  Senate  Committee  on  Manufactures  regarding  the 
part  that  the  Society  is  taking  in  the  elimination  of  motor- 
fuel  waste.  The  accompanying  statement  was  prepared  by 
members  of  the  Research  Committee  in  conference  with  the 
officers  of  the  Society.  This  statement,  as  well  as  the  oral 
testimony  of  two  representatives  of  the  Society,  was  made  a 
part  of  the  minutes  of  the  Committee  on  Manufactures  in 
connection  with  its  investigation  of  the  price  of  gasoline. 

The  Society's  Interest  in  Economy 

The  Society  of  Automotive  Engineers  has  a  member- 
ship of  about  5000,  including  practically  all  of  the  en- 
gineers engaged  in  the  design  and  production  of  the 
various  forms  of  power  units  using  gasoline  as  a  fuel. 
This  includes  passenger  and  commercial  vehicles,  air- 
craft, tractors,  motorboats  and  stationary  power  units. 
It  is  purely  an  engineering  and  technical  society,  or- 
ganized for  the  advancement  of  engineering  knowledge 
in  the  lines  above  mentioned  by  cooperative  discussion 
and  research. 

The  Society  is  interested  in  the  elimination  of  all 
forms  of  waste,  including  that  of  gasoline,  the  conserva- 
tion of  which  is  considered  to  be  of  particular  im- 
portance. Gasoline  has  become  a  most  important  fuel 
because  it  has  enabled  us  to  place  in  the  hands  of  almost 
everyone  a  prime-mover  in  small  units  capable  of  rea- 
sonably satisfactory  operation  even  by  the  most  unin- 
telligent. Due  to  the  lack  of  technical  skill  of  the  great 
majority  of  the  operators,  the  tendency  toward  waste 
of  fuel  in  operation  is  greatly  increased.  Changes  in 
design  of  automotive  apparatus  except  in  the  direction 
of  more  automatically  correct  operation  does  not  offer 
as  fruitful  a  field  for  improvement  so  far  as  economy 
is  concerned,  as  does  the  education  of  the  user  along  the 
lines  of  more  intelligent  operation  of  the  vehicle. 

Use  and  Waste  of  Oil 

About  20,000,000,000  gal.  of  crude  petroleum  are  used 
annually  in  this  Country  in  producing  the  more  than 
5,000,000,000  gal.  of  gasoline,  of  which  some  4,000,- 
000,000  gal.  is  used  by  automotive  vehicles  for  purposes 
of  transportation.  Of  these  vehicles,  only  a  very  small 
proportion  are  operated  under  centralized  supervision 
that  promotes  the  maximum  economy  of  operation. 

In  the  production  and  distribution  of  motor-fuel  from 
crude  petroleum,  and  in  the  use  of  this  fuel,  there  is 
bound  to  be  some  waste  as  there  is  in  all  other  com- 
.  mercial  activities.  Part  of  this  waste  is  preventable  by 
means  already  at  our  disposal.  Other  forms  of  waste, 
where  prevention  is  probably  possible,  are  the  subject 
of  concentrated  study  at  the  present  time.  The  losses 
that  occur  in  the  manufacture  and  distribution  of  gaso- 
line are  not  directly  within  the  province  of  the  auto- 
motive industry,  and  we  will  therefore  confine  ourselves 
in  this  statement  to  the  preventable  waste  in  the  actual 
use  of  fuel. 

Cost  and  Quality  of  Motor-Fuel 

The  quality  of  gasoline,  which  partly  determines  its 
cost  and  the' economy  with  which  it  is  used,  evidently 


has  a  considerable  bearing  on  the  ability  of  the  user 
to  operate  his  vehicle  with  maximum  efficiency.  This 
feature  of  fuel  production  vitally  concerns  the  auto- 
motive industry  and  has  been  the  subject  of  research 
and  development  since  1912,  under  the  auspices  of  the 
Society  of  Automotive  Engineers  and,  further,  of  co- 
operative research  under  the  joint  direction  of  the 
engineers  of  the  automotive  industry,  and  of  the  petro- 
leum industry  as  represented  in  the  American  Petro- 
leum Institute. 

Gasoline  for  motor-fuel  has  come  to  be  the  highest- 
priced  quantity-product  of  petroleum,  except  lubricat- 
ing oil,  and  the  motor  vehicle  is  the  largest  single  user 
of  both  products.  Neither  of  them  has  any  competitor 
at  anything  like  the  present  price,  and  petroleum,  the 
source  of  both,  exists  only  in  quantities  that  may  be 
exhausted  in  a  comparatively  short  time.  Hence  the 
elimination  of  waste  is  as  important  for  conservation 
as  for  the  maintenance  of  a  minimum  fuel-cost.  Un- 
fortunately, low  cost  and  conservation  do  not  always 
go  together.  Insofar  as  the  user  is  responsible  for  the 
elimination  of  waste,  a  higher  cost  offers  more  incentive 
for  economy. 

Fuel  in  the  Engine 

Essentially,  the  automobile  engine  consists  of  a  num- 
ber of  cylinders  in  which  a  mixture  of  gasoline  vapor 
and  air  is  burned  to  produce  pressure  that  is  trans- 
mitted to  moving  pistons  and  applied  as  power  to  the 
crankshaft  and  thence  to  the  wheels.  The  fuel  must 
be  vaporized  and  intimately  mixed  with  air  in  the  cor- 
rect proportions  at  the  time  that  ignition  takes  place 
to  allow  of  efficient  combustion. 

The  carbureter  and  the  intake-manifold  are  designed 
to  perform  the  function  of  mixing  the  correct  amount  of 
fuel  with  the  air,  and  to  distribute  the  resulting  mix- 
ture to  the  cylinders.  The  mixing  of  the  fuel  and  the 
air  begins  in  the  carbureter  and,  after  continuing  dur- 
ing the  passage  through  the  manifold,  is  completed 
in  the  cylinder.  With  the  low-volatility  gasoline  now 
being  supplied  for  motor-fuel,  a  considerable  amount 
of  heat  is  necessary  for  the  proper  mixing  of  the  air 
and  the  fuel.  This  heating  may  be  applied  in  different 
ways;  by  maintaining  the  cylinders  at  a  proper  temper- 
ature, or  by  supplying  heat  to  the  carbureter  or  the 
manifold  or  both.  If  the  correct  proportion  of  fuel 
to  air  is  not  used,  or  if  the  mixture  is  not  distributed 
uniformly  to  the  different  cylinders,  some  fuel  will  be 
wasted. 

As  a  matter  of  fact,  it  begins  to  appear  that  the 
adoption  of  means  for  maintaining  the  engine  at  a  uni- 
form operating  temperature  under  all  climatic  condi- 
tions will  go  a  long  way  to  improve  economy.  Experi- 
ence indicates  that  this  temperature  should  be  fairly 
high  to  obtain  the  most  efficient  operating  results.  The 
economical  use  of  fuel  is  thus  promoted  not  only  by 
the  better  utilization  of  the  fuel  itself,  but  also  by 
maintaining  the  engine  lubrication  at  its  maximum 
efficiency,  producing  the  lowest  engine  friction.  It  has 
been  proved  that  temperatures  provided  by  holding  the 
cooling  water  at  or  near  the  boiling-point  are  not  too 
high.    In  addition,  for  use  in  cold  climates,  it  may  prove 


310 


Vol.   XII 


March,   1923 


No.  3 


RESEARCH  TOPICS  AND  SUGGESTIONS 


311 


desirable  to  provide  extra  heat  at  the  carbureter  and 
the  manifold,  especially  at  the  time  of  starting,  when 
the  engine  is  cold. 

Mixture  Adjustment  and  Fuel  Waste 

A  mixture  may  be  too  rich  in  fuel  and  still  produce 
power,  without  any  obvious  bad  effects  to  warn  the 
operator  that  he  is  wasting  fuel.  In  fact,  double  the 
necessary  amount  of  fuel  can  be  used  in  this  way  with- 
out the  user  being  aware  of  it.  Over-rich  mixtures 
are  commonly  used  for  reasons  given  below.  Tests 
by  the  Bureau  of  Mines  of  100  or  more  trucks  and 
passenger  cars  picked  out  at  random  on  a  city  street 
have  shown  that,  in  the  average  operation  of  trucks  and 
passenger  cars,  25  per  cent  of  the  fuel  drawn  into  the 
engine  passes  out   of  the  exhaust  unburned. 

The  causes  of  waste  of  this  kind  are  chargeable 
partly  to  the  designer  and  partly  to  the  user  of  the 
vehicle,  or  to  the  mechanic  who  attends  to  the  adjust- 
ment. Practically  all  fuel-systems  require  adjustment 
to  give  the  correct  fuel-mixture.  If  these  adjustments 
are  not  properly  made,  the  waste  of  fuel  may  be  50 
per  cent,  and  probably  the  average  loss  in  practice  is 
at  least  20  per  cent.  Owing  to  the  large  number  of 
unintelligent  and  careless  drivers  who  operate  cars, 
it  would  be  better  if  the  carbureter  setting  and  other 
adjustments  could  be  made  at  the  factory  but,  owing 
to  variations  in  the  fuel  and  in  the  weather  conditions, 
this  has  not  proved  feasible  up  to  date. 

If  the  carbureter  is  constructed  so  that  the  correct 
mixture  is  not  supplied  under  all  driving  conditions 
without  continual  hand-adjustment,  or  if  the  mixture 
between  the  fuel  and  the  air  is  not  sufficiently  complete 
at  the  time  of  ignition,  there  will  be  a  waste  that  no 
amount  of  care  in  adjustment  can  prevent.  As  to  the 
question  of  a  sufficiently  intimate  mixture,  this  in- 
volves the  complete  design  of  the  powerplant,  includ- 
ing the  carbureter,  manifold  and  engine,  it  being  un- 
derstood that  the  final  mixture  is  produced  by  a  violent 
agitation  with  the  addition  of  heat.  There  is  little 
doubt  that  one-half  of  the  cars  in  use  are  deficient  in 
design  in  the  respects  that  make  for  a  proper  mixture 
of  the  fuel  and  the  air  before  ignition,  and  that  the 
fuel-consumption  of  these  cars  could  be  reduced  at  least 
20  per  cent  by  slight  modifications  in  design  and,  in 
many  cases,  by  simply  replacing  the  parts  that  make  up 
the  fuel-system  by  others  that  are  more  efficient  and 
already  available. 

Researches  to  Promote  Economy 

The  causes  of  the  excessive  use  of  fuel  have  been 
under  investigation  by  the  Research  Committee  of  this 
Society  since  1919.  A  Report  was  published  in  1920  to 
give  the  designers  and  service  departments  the  latest 
information  on  the  design  of  intake  systems  to  secure 
economy  of  fuel.  Although  this  report  is  only  about 
two  years  old,  much  of  the  information  given  in  it  has 
been  superseded  by  later  developments.  The  same 
general  subject  is  being  investigated  by  the  United 
States  Bureau  of  Standards,  which  has  ah'eady  pro- 
duced results  making  possible  savings  of  millions  of 
dollars  worth  of  motor-fuel.  Some  of  these  savings 
are  being  realized  in  the  operation  of  motor  vehicles  by 
the  Post  Office  and  other  Government  Departments. 

Another  direct  source  of  fuel  waste  is  the  bad  me- 
chanical condition  of  many  automobile  and  truck  en- 
gines in  service.  Worn  or  improperly  adjusted  pistons 
and  valves  and  ignition  failures  all  waste  fuel.  Waste 
of  this  kind  is  a  question  of  design  and  construction 
insofar  as  these  bear  on  the  proper  functioning  of  the 
various  parts,  their  durability  and  ease  of  repair.  Its 
prevention  is  to  a  far  greater  extent  in  the  hands  of 
the  various  operators.  It  is  obviously  very  difficult  to 
predict  the  possible  saving  in  this  direction.  All  causes 
of  mechanical  friction,  such  as  badly  adjusted  brakes 


and  bearings  and  lack  of  oil,  absorb  power  and  waste 
fuel. 

One  of  the  main  objects  of  the  Society  is  the  elimina- 
tion of  fuel  waste  by  improvements  in  design,  con- 
struction and  methods  of  upkeep.  Direct  waste  of  fuel 
has  received  the  most  attention,  as  it  represents  the 
greatest  preventable  loss.  Within  the  past  5  years, 
some  50  technical  papers  and  reports  have  been  pub- 
lished in  The  Journal  of  the  Society  on  this  subject 
alone.  The  main  reason  for  this  activity  is  the  fact 
that  commercial  gasoline  as  sold  to  the  consumer  was 
becoming  more  and  more  difficult  to  use  with  economy. 
Gasoline  is  a  mixture  of  different  constituents  having 
different  degrees  of  volatility  or  ease  of  vaporization. 
Up  to  about  1912,  commercial  gasoline  contained  only 
the  most  volatile  constituents  and  offered  no  difficulty  in 
vaporizing  for  producing  a  satisfactory  mixture  for  use 
in  the  simplest  type  of  engine.  With  the  increasing  de- 
mand it  became  necessary  for  the  producer  to  include 
heavier  and  less  volatile  constituents  that  require  more 
heat  for  their  vaporization  and,  as  this  process  went 
on  from  1912  to  1920,  the  utmost  efforts  of  the  designers 
were  necessary  to  keep  pace  with  the  change  in  fuel 
and  maintain  reasonable  economy. 

Accomplishment  of  American  Automotive 
Engineers 

In  fact,  we  believe  that  the  American  automotive 
engineer  is  even  now  in  advance  of  all  others  in  the 
technique  of  economical  fuel-utilization.  In  dealing 
with  the  fuels  of  low  volatility  marketed  is  this  Country 
he  has  learned  much  as  to  the  behavior  of  fuels  in  the 
engine  and  has  profited  by  this  knowledge  in  the  design 
of  efficient  vehicles.  European  cars  average  more  miles 
to  the  gallon  than  American  cars  but,  when  reduced  to  a 
common  basis  of  weight  and  reserve  power,  the  Amer- 
ican cars  are  superior  in  economy.  Due  to  high  fuel- 
cost  and  taxation,  European  design  has  tended  to  at- 
tempt to  secure  high  mileages  by  a  reduction  of  the 
weight  and  the  reserve  power.  The  demand  of  Amer- 
ican car-users,  partly  due  to  the  poor  condition  of 
roads,  has  called  for  the  heavier  weight  and  the  greater 
reserve-power  of  average  American  ears. 

In  accomplishing  this  result  the  designer  has  had 
to  overcome  the  practical  difficulty  of  meeting  the  de- 
mand of  the  automobile  user  mentioned  above.  High 
power,  which  is  only  rarely  used,  and  the  ability  to 
take  steep  grades  and  accelerate  rapidly  without  chang- 
ing gears,  which  is  demanded  by  the  public  in  passenger 
cars  today,  are  incompatible  with  maximum  fuel- 
economy.  This  high  power,  which  is  only  occasionally 
used,  introduces  features  of  design  that  result  in  fuel 
waste  and  also  encourages  a  carbureter  adjustment 
that  is  wasteful  since  maximum  power  in  any  engine  is 
never  associated  with  minimum  gasoline  consumption. 
The  amount  of  fuel  used  to  obtain  the  above  character- 
istics may  be  50  per  cent  more  than  that  which  would 
be  required  were  maximum  mileage  per  gallon  the  chief 
consideration.  Moreover,  the  desire  for  starting-off 
quickly  at  full  power  in  cold  weather  before  the  engine 
has  become  heated  tends  toward  a  still  further  exces- 
sive use  of  fuel.  The  average  driver  appears  to  desire 
to  have  his  fuel  system  adjusted  to  give  the  maximum 
power  and  a  quick  getaway  in  cold  weather,  perhaps 
because  he  does  not  know  the  penalty  he  is  paying  in 
fuel  waste. 

Responsibility  of  the  Driver 

To  illustrate  what  this  means,  we  would  say  that  our 
best  information  indicates  that  a  majority  of  1-ton 
cars  in  the  hands  of  average  drivers  actually  cover 
not  more  than  16  miles  per  gal.  of  fuel.  We  are  con- 
vinced that,  if  these  same  cars  were  more  carefully 
designed  and  provided  with  a  more  satisfactory  means 
for  supplying  the  correct  fuel-mixture,  they  would  aver- 
age under  the  same  operating  conditions  20  miles  per 
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gal.  instead  of  16,  and  that  a  further  improvement  of 
at  least  25  per  cent  would  be  possible  through  more 
careful  operation  by  drivers. 

The  fuel  waste  in  commercial  vehicles  seems  to  be 
even  worse.  Some  fleets  of  commercial  vehicles  weigh- 
ing about  4  tons  including  load  average  only  5  miles 
per  gal.  of  fuel,  while  others  of  equal  weight  and  in 
about  the  same  service  average  12  miles  per  gal.,  the 
differences  being  due  partly  to  differences  in  design 
and  equipment  and  partly  to  differences  in  the  care  with 
which  the  various  adjustments  are  made  and  the  opera- 
tion of  the  vehicles  is  conducted. 

It  should  be  noted  that  the  automotive  industry  as  it 
exists  in  this  Country  is  only  about  10  years  old.  Not 
only  have  most  of  the  engineers  and  manufacturers 
been  trained  in  that  brief  period  but  the  rapid  expan- 
sion of  the  use  of  motor  vehicles  has  introduced  new  and 
untrained  drivers  at  the  rate  of  about  1,000,000  per 
year.  The  production  of  vehicles  to  meet  the  demands 
of  these  untrained  users  has  made  the  building  of 
really  economical  units  doubly  difficult. 

Effects  of  Fuel  Volatility  Investigated 

Gasoline  waste  depends  partly  upon  the  quality  or 
the  volatility  of  the  fuel  used  for  the  reason  that  the 
volatility  affects  its  adaptability  as  a  fuel  for  the  en- 
gine consuming  the  greater  part  of  this  product.  But 
the  greater  the  quantity  is  of  gasoline  made  from  a  bar- 
rel of  crude  oil,  by  any  given  process,  the  lower  the 
volatility  is.  The  best  interests  of  the  public,  as  well 
as  of  the  automotive  and  oil  industries,  will  plainly 
be  served  by  obtaining  a  maximum  amount  of  satis- 
factory fuel  from  each  barrel  of  crude.  To  accomplish 
this,  it  is  necessary  to  know  how  heavy  a  grade  of  gaso- 
line can  be  used  in  average  vehicles  without  dispro- 
portionately increasing  the  amount  of  fuel  consumed, 
or  the  difficulty  of  operation.  About  a  year  ago  the  oil 
;.nd  the  automotive  industries  determined  to  attempt 
to  obtain  an  answer  to  this  question  by  means  of  a  joint 
research.  Several  refineries  furnished  special  fuels  for 
the  purpose  and  10  automobile  companies  undertook, 
each  independently,  an  extensive  research  program, 
under  the  supervision  of  the  Research  Committee  of  this 
Society. 

Some  features  of  such  a  research  could  best  be 
handled  by  an  impartial  third  party  who  might  be  said 
to  represent  the  public,  and  we  have  felt  ourselves  very 
fortunate  in  having  in  the  Bureau  of  Standards  an 
organization  and  equipment  capable  of  taking  up  cer- 
tain lines  of  this  investigation  and  carrying  them  out  in 
the  most  efficient  manner.  It  was  therefore  decided  to 
turn  some  of  the  most  important  questions  over  to 
the  Bureau  of  Standards  for  determination  and  to  aid 
the  Bureau  by  the  loan  of  materials  and  assistants  from 
both  the  industries  engaged  in  carrying  out  the  work. 
This  investigation  at  the  Bureau  of  Standards  has 
been  in  progress  for  less  than  a  year  and  it  is  obvious 
that  any  final  determination  in  a  matter  so  important 
and  complicated  as  the  one  under  discussion  could  not 
be  arrived  at  in  that  length  of  time.  On  the  other  hand, 
there    are    indications    from    observations    made    upto- 


date  that  a  quality  of  gasoline  may  be  used  in  auto- 
motive vehicles  with  a  reasonable  degree  of  satisfaction 
and  economy,  in  summer  at  any  rate,  which  will  alone 
make  possible  an  increase  of  some  30  per  cent  in  the 
amount  of  gasoline  that  is  producible  from  every  barrel 
of  crude  oil. 

Summary  of  Factors  Affecting  Economy 

The  several  factors  that  promote  fuel  economy  may 
be  summarized  briefly  as  follows: 

(1)  Universal  adoption  of  means  for  maintaining 
the  engine  and  the  carbureter  and  intake  sys- 
tem at  the  best  operating  temperature 

(2)  The  adoption  as  rapidly  as  possible  of  car- 
bureting devices  that  can  be  adjusted  once 
for  all  by  the  maker  to  supply  automatically 
a  correct  amount  of  fuel  as  completely  atom- 
ized as  possible  for  economical  operation  un- 
der all  conditions 

(3)  An  economically  correct  grade  of  gasoline 
supplied  uniformly  throughout  the  Country 
but  suitably  varied  if  possible  to  meet  cli- 
matic conditions.  Uniformity  of  fuel  would 
go  far  to  make  possible  the  adoption  of  the 
more  economical  cai-bureting  systems  sug- 
gested above. 

(4)  Education  of  the  user  of  motor  vehicles  to 
the  advantages  that  will  accrue  to  him 
through  fuel  economy.  These  advantages  are 
in  reality  much  greater  than  the  saving  in 
fuel  cost.  They  include  also  less  wear  in  the 
engine,  less  carbonization,  less  upkeep  cost 
and  freedom  from  other  minor  annoyances 

(5)  The  gradual  adoption  of  engines  using  higher 
compression-ratios,  with  resulting  higher 
fuel-economy.  This  can  be  accomplished  only 
as  improvements  in  design  or  in  the  quality 
of  the  fuel  make  higher  pressures  possible 
without  engine  knock,  which  at  present  limits 
the  usable   compression-pressures 

(6)  Servicing  of  automotive  equipment  to  main- 
tain it  in  satisfactory  condition  for  economy 
of  operation.  This  refers  to  the  entire  vehicle 
as  well  as  to  the  engine,  and  present  condi- 
tions can  be  improved  by  the  education  of  the 
public  and  of  the  garage  mechanic,  and  by 
improvements  in  the  service  facilities  offered 
by  the  dealers 

All  of  these  factors,  except  perhaps  the  education  of 
the  general  public,  are  receiving  a  continually  increas- 
ing amount  of  study  by  the  Society  of  Automotive  Engi- 
neers and  the  manufacturers  and  we  believe  that  much 
has  already  been  accomplished  in  eliminating  fuel 
waste.  The  necessity  of  meeting  popular  demands  in- 
consistent with  economy,  and  the  difficulty  of  putting- 
new  developments  into  immediate  production,  have  re- 
tarded this  accomplishment.  Even  more  important 
perhaps  is  the  fact  that  the  average  vehicle  now  in  use 
is  a  product  of  2  or  3  years  ago,  not  of  today. 


NOTES  ON  SPRING  ACTION 


TT  is  a  well-known  fact  that  automobiles  having  appar- 
*■  ently  similar  suspension  systems  are  often  widely  differ- 
ent in  springing  qualities.  Why  this  should  be  is  likely  to 
remain  a  mystery  until  we  have  at  least  the  elements  of  a 
rational  theory  of  spring  action  in  automobiles.  Although  a 
general  theory  is  lacking,  the  mechanics  of  spring-fitted 
vehicles  has  been  studied  by  a  number  of  investigators  who 
have  deduced  a  few  theorems  that  point  to   certain  vehicle 


1  See  Transactions,  vol.  12,  part  1.  p.  141. 


constants  as  possible  factors  in  the  suspension  problem. 
These  factors  are  the  periods  of  vibration,  the  axes  of  oscil- 
lations and  the  distribution  of  weight  in  the  body. 

Periods  of  Vibration 

Akimoff  in  his  paper  entitled  Remarks  on  the  Dynamics 
of  the  Automobile'  has  shown  that  Lagrange's  method  of 
analysis  leads  to  two  distinct  formulas  for  the  periods  of 
plunging  and  pitching  respectively.  Using  the  same  method, 
we  have  generalized  Akimoff's  formulas  to  apply  to  an  auto- 
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Vibration    of    the    Front    End    after    the    Front    Wheel    Has    Hit    an 

Obstruction 
Vibration    of    the    Rear    End    after    the    Front    Wheel    Has    Hit    an 

Obstruction 
Resultant  Vibration  of  Front  End  as  Combined  from  the  Individual 

Vibrations  of  Each  End 
Resultant  Vibration  of  Rear  End  as  Combined  from  the  Individual 

Vibrations  of  Each  End 
Fig.  1 — Examples  of  the  Superposition  op  Bouncing  and  Pitch- 
ing  Vibrations 

mobile  in  which  the  front  and  the  rear  springs  are  not  the 
same  and  in  which  the  center  of  gravity  is  not  limited  to  a 
horizontal  position  half-way  between  the  axles.  We  find 
that  bouncing,  or  straight  up-and-down  vibration;  pitching, 
or  oscillation  about  a  transverse  horizontal  axis;  and  roll- 
ing, or  oscillation  about  a  longitudinal  horizontal  axis,  are 
all  generally  present  simultaneously.  The  formulas  for  the 
periods  of  bouncing,  pitching  and  rolling  are 

£  =  27rV([W7sr]  X  [l/(w  +  «)])  (1) 

P  =  2«rV([W«r]X  [fcV(a2m  +  6=n)])  (2) 

R  =  2*\'  (IW/glX  [a6r/(2c5[a2m+6=M])])  (3) 
where 


a  =  the   horizontal   distance   of  the  center   of  gravity 

from  the  rear  axle 
6  =  the   horizontal   distance   of   the  center  of  gravity 

from  the  front  axle 
c  =  the  track 
g  =  the  acceleration   due  to  gravity,   32.2  ft.  per  sec. 

per  sec. 
k  =  the  radius  of  gyration  about  the  axis  of  pitching 
m  =:  the  constant  for  one  rear  spring 
n  =  the  constant  for  one  front  spring 
r  =  the  radius  of  gyration  about  the  axis  of  rolling 
W  =  the  weight  of  the  car  body 

By  making  a  =  b  =  1  and  m  =  n  =  W/28,  where  8   is  the 
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A'ibration   of   the   Front   End   after  the   Front   Wheel   Has   Hit   an 

Obstruction 
Vibration    of   the    Rear   End   after   the    Front  Wheel   Has   Hit   an 

Obstruction 
Resultant    Vibration    of    the    Front     End    as    Combined    from    the 

Individual  Vibrations  of  Each  End 
Resultant    Vibration    of    the    Rear    End     as    Combined    from    the 

Individual  Vibrations  of  Each  End 

Fig.  2 — Another  Example  of  the  Superposition  of  Bouncing  and 

Pitching  Vibrations 
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initial  deflection  of  the  spring,  our  formulas  reduce  to  those 
given  by  Akimoff  in  his  paper. 

B  =  2irV(S/g) 
P  =  M[(8/g)  X  (KVOl 
The  ratio  of  the  first  two  vibrations  is 

P/B  =  kV[(m  +  n)  -h  (arm  +  b2>i)  ]  (4) 

Since  the  location  of  the  center  of  gravity  and  the  radius 
of  gyration  are  determined  by  the  distribution  of  the  weight, 
formula  (4)  suggests  that,  if  the  riding  qualities  are  influ- 
enced by  changes  in  this  ratio,  the  designer  has  it  in  his 
power  to  select  favorable  values  for  these  variables. 

As  an  indication  that  ease  and  comfort  in  riding  might 
be  affected  by  even  slight  changes  in  period,  we  may  cite  the 
measurements  of  Broulhiet2,  who  showed  that  the  periods  of 
European  cars  varied  between  the  extreme  limits  of  0.8  and 
0.5  sec,  or  75  and  120  vibrations  per  min.  Only  two  excep- 
tionally fine-riding  cars  had  as  low  a  period  as  75  vibrations 
and  cars  having  a  period  approaching  120  vibrations  per 
min.  were  almost  unbearable. 

Axis  of  Oscillation 

The  radius  of  gyration  /»•  in  formula  (4)  implies  an  axis 
about  which  the  body  rotates  to-and-fro.  The  position  of 
this  axis  has  been  defined  by  A.  Herdner3  for  any  vehicle 
supported  by  springs  on  any  number  of  axles  carrying  wheels 
of  any  diameter.  Reduced  to  the  case  of  the  automobile, 
Herdner's  theorem  fixes  the  axis  for  pitching  in  the  plane 
connecting  the  two  axles,  at  distances  from  the  axles  in- 
versely proportional  to  the  spring  constants.  For  example, 
if  m  ;n :  :1.0:1.5  the  axis  of  pitching  will  divide  the  wheel- 
base  in  the  ratio  of  0.4  to  0.6  and  will  be  nearer  the  front 
axle. 

Herdner's  proof  needs  some  revision  to  be  strictly  ap- 
plicable to  the  type  of  suspension  used  on  automobiles,  but 
this  cannot  change  the  main  features  of  his  theorem  accord- 
ing to  which  the  position  of  the  axis  of  oscillation  is  fixed  by 
the  spring  constants  and  is  in  no  way  dependent  on  the  dis- 
tribution of  weight  in  the  body. 

The  position  of  the  axis  of  oscillation  and  the  radius  of 
gyration  are  connected  by  the  relation 

Ir  —  d=  +  K: 
where 

d  =  the   distance   of   the   axis   of   oscillation   from   the 

center  of  gravity 
K  =  the    radius    of    gyration    about    a    parallel    axis 

through  the  center  of  gravity  of  the  body 
k  =  the  radius  of  gyration  about  the  axis  of  oscillation 

Weight  Distribution 

The  range  of  values  assumed  by  K  for  various  automobile 
bodies  is  not  known  at  present,  and  it  is  therefore  not  pos- 
sible to  evaluate  (4).  It  may  be  profitable  however  to  at- 
tempt an  approximation  and  for  this  purpose  we  shall  choose 
springs  having  the  ratio  of  constants  m:n::1.0:1.5.  Under 
these  conditions,  (4)  becomes 

V [2.5/ (a=+  1.56=)]  X  V[(#7F)  +  ([6//]  —  0.4)  =  ]      (5) 

if  we  neglect  the  height  of  the  center  of  gravity  above  the 
plane  of  the  axles. 

We  know  that  K/l  must  be  less  than  %  and  probably 
greater  than  l/v'12.  Possible  values  for  automobiles  are 
0.3    to   0.4   and    these   values    substituted    in    (5)    yield    the 


TABLE  1 — INFLUENCE  i 

b/l      V  [2.5/ (a* +  1.56*)] 
0.50                   2.00 
0.55                   1.96 
0.60                   1.89 
0.65                   1.82 

3F  THE  CENTER  OF  GRAVITY 

r/V       K/l  =  0.4     K/l  =  0.3 
0.0100         0.826             0.634 
0.0225         0.837             0.658 
0.0400         0.846             0.683 
0.0625         0.860             0.708 

results  given  in  Table  1  for  different  positions  of  the  center  of 
gravity. 

We  conclude  from  these  figures  that  the  difference  in  the 
periods  of  plunging  and  pitching  are  probably  large  enough 
to  affect  seriously  the  resultant  motion  to  which  the  occu- 
pants of  the  car  are  subjected,  but  that  the  body-designer's 
control  over  the  ratio  of  the  periods  is  slight,  at  least  when 
the  spring  constants  are  fixed. 

The  presence  of  passengers  decreases  K/l  but,  unless  the 
seats  are  equidistant  from  the  center  of  gravity,  which  is 
usually  not  the  case,  r  also  changes;  how  this  affects  the 
value  of  kr  =r  +  Kr  cannot  be  predicted.  This  point  may 
be  worth  while  investigating  because  of  its  bearing  on  the 
designer's  control  over  springing  quality. 

Superposition  of  Vibrations 

The  radius  of  gyration  and  the  axis  of  oscillation  are  in- 
volved also  in  the  relation  between  the  amplitudes  of  vibra- 
tion and  the  forces  causing  the  vibration.  Little  is  known 
of  the  numerical  size  of  the  forces  transmitted  through  the 
rubber-tired  wheels  to  the  body,  but  fortunately,  the  force 
enters  the  expressions  for  both  amplitudes,  of  bouncing  and 
of  pitching,  in  the  same  way,  and  this  circumstance  permits 
a  determination  of  the  ratio  of  the  amplitudes. 

If  we  have  the  ratio  of  the  amplitudes,  as  well  as  of  the 
periods,  we  can  determine  the  type  of  the  resultant  oscilla- 
tion. Figs.  1  and  2  illustrate  this  for  the  front  and  rear 
ends  of  the  car-body  in  the  simple  case  of  a  vehicle  drawn 
as  a  trailer  at  constant  speed  along  a  smooth  road  on  which 
there  is  one  sharp  obstruction  placed  perpendicularly  across 
the  path  of  the  vehicle.  In  both  figures,  the  ratio  of  ampli- 
tudes is  taken  as  1,  and  the  bouncing  vibrations  as  9  per 
min. ;  the  ratio  of  periods  is  taken  as  0.8  in  Fig.  1,  and  as 
0.6  in  Fig.  2.  The  heavy  lines  are  the  resultants  obtained 
by  adding  the  ordinates  of  the  vibrations.  In  each  figure, 
the  two  upper  groups  of  curves  show  the  resultant  oscillation 
of  the  front  and  rear  ends  respectively  of  the  body,  caused 
by  the  impulsive  force  due  to  the  front  wheels  passing  over 
the  obstruction,  and  the  other  two  groups  show  the  effect  of 
superposing  on  the  first  two  groups  the  additional  bouncing 
and  pitching  vibrations  caused  by  the  rear  wheels  meeting 
the  obstruction  after  an  interval  determined  by  the  wheel- 
base  and  the  speed.  The  figures  are  drawn  for  a  wheelbase 
of  120  in.  at  a  speed  of  15  m.p.h.  for  Fig.  1  and  of  about 
13  m.p.h.  for  Fig.  2  as  may  be  taken  from  Table  2. 

TABLE    2 — TIME    TO    PASS    OVER    WHEELBASE    LENGTH    AT 


Speed,  M.P.H. 

10 
13 
15 
20 


VARIOUS  SPEEDS 

Time  to  Pass  Over 
Speed,  Ft.  per  Sec.  120  In.,  Sec. 


14.7 
19.1 
22.0 
29.3 


0.71 
0.52 
0.45 
0.32 


-  See  Revm    de  I'Industrii    Minerale,  vol.  1,  part  2    p.   87. 
3  See  Revile  Generate  des  Chemins  de  Fer  et  des   Tramways,  vol. 
28,  No.  6,  p    3  i  9 

'See  Annates  des  Mines,  vol.  !>,  p.  413. 


Note  that  the  amplitude  depends  on  the  ratio  of  the  speed 
to  the  wheelbase  and  that  there  are  ranges  of  speed  for  the 
minimum  and  the  maximum  shock.  An  extension  of  this 
method  to  any  type  of  road  seems  possible  by  utilizing  the 
studies  made  by  Liebowitz,  Napier,  Baillie  and  others  on  the 
behavior  of  a  single  rubber-tired  wheel. 

Conclusion 

The  fragmentary  theory  that  is  implied  in  the  combined 
work  of  Akimoff,  Herdner,  Broulhiet  and  Nadai1  proposes  to 
attack  the  suspension  problem  from  two  angles 

(1)  By  assigning  a  definite  and  important  role  to  the 
weight-distribution  constants  of  the  body 

(2)  By  studying  the  resultant  curves  obtained  by  su- 
perposing tbe  harmonic  motions  due  to  bouncing, 
pitching  and  rolling 

In  this  paper  we  have  sketched  only  the  barest  outline 
of  this  program,  in  the  hope  that  interest  may  be  aroused 
in  the  experimental  verification  without  which  this  germ  of  a 
theory  of  springing  must  remain  a  collection  of  academic 
theorems. 
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Current  Standardization  Work 


DURING  the  last  month  only  a  few  .Division  meetings 
were  held  because  the  majority  of  the  subjects  awaiting 
Standards  Committee  action  have  been  assigned  to  Subdivi- 
sions that  are  preparing  reports  for  consideration  at  the 
Division  meetings  that  will  be  held  daring  March  and  April. 
It  has  been  found  that  only  through  the  assignment  of  sub- 
jects to  definite  Subdivisions  for  the  preparation  of  prelim- 
inary reports  can  the  Division  work  be  carried  on  most  ad- 
vantageously with  respect  to  the  time  of  the  Division  mem- 
bers necessary  in  attending  the  meetings  and  the  expense 
incurred  through  such  traveling  and  absence  from  their 
regular  engineering  work. 

The  Society  letter-ballots  on  the  adoption  of  the  standards 
recommendations  approved  at  the  Standards  Committee  Meet- 
ing in  January  will  be  counted  on  March  12  and  the  data 
sheets  containing  the  standards  adopted  by  letter-ballot 
issued  m  the  latter  part  of  the  month. 

Paints,  Varnishes  and  Enamels 

The  following  Subdivision  on  Paints,  Varnishes  and  Enam- 
els has  been  appointed  by  Chairman  G.  E.  Goddard  of  the 
Passenger-Car  Body  Division: 


J.  Warren  Armitage 
Henry  A.  Gardner 
J.  O.  Hasson 
C.  D.  Holley 
L.  D.  Pulsifer 
W^  J.  Schlinger 
C.  C.  Schumann 


John  L.  Armitage  &  Co. 

Paint  Manufacturers'  Association 

Sherwin-Williams  Co. 

Acme  White  Lead  &  Color  Works 

Valentine  &  Co. 

Flint  Varnish  &  Color  Works 

Pratt  &  Lambert 


Passenger-Car  Door  Hinges 

At  one  of  the  early  meetings  of  the  Passenger-Car  Body 
Division  the  importance  of  standardizing  certain  types  of 
door  hinges  was  realized  and  E.  G.  Simpson,  of  the  Fisher 
Body  Corporation,  was  appointed  a  committee  of  one  to 
formulate  a  tentative  proposal  for  consideration. 

Seven  standard  hinges  have  been  recently  proposed  by 
Mr.  Simpson  for  concealed  and  outside  door-hinges  of  the 
following  types: 

Closed-Body  Guide  Hinge  Closed-Body  Strap  Hinge 

Open-Body  Short  Guide-Hinge  Open-Body  Long  Guide-Hinge 
Open-Body  Concealed  Hinge      Closed-Body  Concealed  Hinge 
Malleable-Iron  Strap-Hinge 

The  proposed  standards  have  been  based  on  present  prac- 
tice and  are  intended  to  meet  the  requirements  of  the  ma- 
jority of  the  companies.  Comments  thereon  are  being  ob- 
tained from  body  builders. 

Motor-Truck  Cabs 

A  meeting  of  the  members  of  the  Truck  Division  was  held 
in  the  offices  of  the  Society  on  Jan.  8,  the  day  preceding  the 
Standards  Committee  Meeting,  to  discuss  the  proposed  S.A.E. 
Recommended  Practice  for  Motor-Truck  Cabs,  that  was 
printed  in  the  December  issue  of  The  Journal,  in  conjunc- 
tion with  the  comments  thereon  received  from  chassis  and 
cab  producers.  It  was  decided  to  take  no  final  Division 
action  on  the  tentative  recommendation,  but  to  make  what 
changes  were  deemed  desirable  and  to  submit  the  proposal  to 
chassis  and  cab  builders  for  comment  with  the  understand- 
ing that  final  action  would  be  taken  at  the  next  Division 
meeting  to  which  cab  builders  would  be  invited  to  send  rep- 
resentatives. 

In  view  of  the  criticisms  as  to  the  widths  specified,  it  was 
considered  best  to  eliminate  the  width,  as  it  is  not  necessary 
to  obtain  interchangeability  of  cabs  in  chassis.  It  was 
thought  that  it  would  be  desirable  to  have  a  separate  classi- 
fication for  speed-wagon  cabs.  As  the  Division  members  are 
not  in  the  position  to  recommend  the  mounting  dimensions, 


recommendations  will  be  obtained  from  the  cab  builders  as 
to  desirable  practice. 

The  dimension  specified  for  the  distance  from  the  chassis 
to  the  windshield  lower  edge  was  changed  to  36  in.  for  both 
sizes  of  cab,  but  it  was  felt  that  this  dimension  should  be 
carefully  considered  by  the  cab" builders  before  final  approval. 

The  tentative  Division  recommendation  as  finally  revised 
is  given  in  the  accompanying  illustration. 
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CAB   DIMENSI 
B1 

Min. 

36 
36 

"s 

PROPOSED  MOTOR-TRUCK 

Truck  Capacity,  tons            A 
Under  2<<" 

2  to  3                                  3% 
Over  3                                3% 

V_j—          "~ i 

— ~?S^ i 
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DNS 

D 

C     Variable 

46      15%  ±1 
46      15%  ±1 

1  Dimension  B  is  from  the  top  of  the  chassis  frame  to  the 
lower  edge  of  the  windshield. 

"  This  classification  covers  speed-wagons  for  which  cab 
dimensions  are  to  be  standardized  if  feasible. 

Passenger-Car  Front-Wheel  Hubs 

Detailed  dimensions  for  passenger-car  front-wheel  wood 
hubs  were  decided  upon  tentatively  at  a  meeting  of  the  Axle 
and  Wheels  Division  in  Chicago  on  Jan.  30.  The  dimensions, 
which  are  given  in  the  accompanying  table,  are  intended  to 
constitute  an  extension  of  the  recommendation  approved  by 
the  Standards  Committee  on  Jan.  9. 


PASSENGER-CAR  FRONT-WHEEL  WOOD  HUBS 


Outside 

Distance 

Flange 

Flange 

Bolt- 

Hub 

Dia- 

Between 

Dia- 

Fillet- 

Circle 

No.  of 

Bolt 

Hub-Cap 

Size 

meter  of 
Hub 

Flanges 

meter 

Radius 

Dia- 
meter 

Bolts 

Size 

Thread 

R0 

2,1830 
2 . 1860 

m 

6 

% 

5 

6 

H 

2K8-24 

Rl 

3,0625 
3,0655 

ix 

t 

X 

5% 

12 

A 

2A-16 

R2 

3  5000 
3  5030 
3,6875 

m 

7>4 

\ 

6 

12 

A 

2ttt-16 

R3 

in 

m 

H 

SH 

12 

tV 

3    -16 

3.6905 

R4 

3.8125 
3.8155 

Hi 

8 

% 

m 

12 

A 

3H-16 

Note:  The  data  in  the  table  apply  to  wheels  with  wood  or  steel  felloes,  that  is  to  all 
wheels  having  wood  hubs. 


Radiator  Nomenclature 

The  meeting  of  the  Radiator  Division,  held  on  Jan.  29  in 
the  rooms  of  the  Old  Colony  Club  at  the  Hotel  LaSalle  in 
Chicago,  was  attended  by  J.  D.  Harris,  McCord  Mfg.  Co., 
Inc.,  chairman  of  the  Division;  H.  B.  Knap,  Packard  Motor 
Car  Co.;  Charles  Oppe,  G  &  O  Mfg.  Co.;  Fred.  M.  Young, 
Perfex  Radiator  Co.;  and  Standards  Manager  R.  S.  Burnett. 

In  connection  with  the  nomenclature  of  radiator  cores,  it 
was  felt  that  the  term  "honeycomb"  should  not  be  used  be- 
cause it  is  inadequately  descriptive.  It  is  a  trade  term  that 
is  frequently  applied  to  several  types  of  radiator. 

Chairman  Harris  presented  four  definitions  that  he  had 
based  on  those  suggested  to  the  Division  by  Herbert  Chase, 
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that  were  printed  on  p.  127  of  the  January  issue  of  The 
Journal.  After  carefully  studying  the  definitions  proposed, 
it  was  decided  to  recommend  the  addition  of  the  following 
definitions,  as  "Group  3 — Types  of  Radiator  Core,"  to  the 
S.A.E.  Standard  for  Automobile  Nomenclature,  page  K5  of 
the  S.A.E.  Handbook. 

Group  3 — Types  of  Radiator  Core 

Individual  Fin-and-Tube  Type.— A  number  of  tubes 
of  any  cross-sectional  form  to  each  of  which  are  at- 
tached gills  or  fins  of  circular,  square  or  other  shape, 
each  tube  and  its  fin  or  fins  forming  a  separate  unit. 

Continuous  Fin-and-Tube  Type. — A  number  of  tubes 
of  any  cross-sectional  form  assembled  and  joined  to- 
gether by  fins  or  plates. 

Ribbon  Cellular  Type. — A  number  of  water  passages 
formed  by  joining  metal  ribbons  at  the  edges,  the 
water-passage  walls  usually  being  crimped  and  grouped 
to  form  a  cellular  structure.  Parts  of  the  cellular 
structure  may  be  formed  by  flat  or  crimped  ribbon  that 
is  not  a  part  of  the  water  passage. 

Air-Tube  Cellular  Type. — A  number  of  air-tubes 
nested  in  such  a  way  as  to  form  water  passages,  being 
sealed  at  the  ends  of  the  tubes.  In  this  type  the  water 
can  flow  transversely  as  well  as  vertically  around  the 
tubes. 

The  present  radiator  nomenclature  in  the  S.A.E.  Hand- 
book was  revised  to  include  the  terms  used  in  connection  with 
the  S.A.E.  Standard  for  Radiators,  p.  A26  of  the  S.A.E. 
Handbook,  so  as  to  have  the  nomenclature  complete,  each 
type  of  radiator  being  covered  separately  as  follows: 

Group  2 — Radiators 

Shell  Type 

Radiator  upper  tank 
Radiator  filler  neck 
Radiator  filler  cap 
Radiator  inlet  fitting 
Radiator  tie-rod  fitting 
Radiator  overflow  tube 
Radiator  lower  tank 
Radiator  outlet  fitting 
Radiator  drain-cock 
Radiator  anchor  stud  or  bolt 
Radiator  anchor  stud  or  bolt  plate 
Radiator  side  bolting-member 
Radiator  shell 
Radiator  supports 
Radiator  hinge-rod  fitting 
Radiator  hood-ledge  liner 

Cast  Type 

Radiator  upper  tank 
Radiator  filler  cap 
Radiator  inlet  fitting 
Radiator  tie-rod  fitting 
Radiator  overflow  tube 
Radiator  lower  tank 
Radiator  outlet  fitting 
Radiator  drain-cock 
Radiator  anchor  stud  or  bolt 
Radiator  anchor  stud  or  bolt  plate 
Radiator  sides 
Radiator  clamping  strips 
Radiator  header  gasket 
Radiator  inlet  gasket 
Radiator  outlet  gasket 
Radiator  hinge-rod  fitting 
Radiator  hood-ledge  liner 


Sheet  Steel 

At  the  joint  meeting  of  the  Society's,  the  American  Society 
for  Testing  Materials  and  the  American  Society  for  Steel 
Treating  Sheet  Steel  Committees  on  Jan.  8,  1923,  a  Committee 
on  Testing  of  Sheet  and  Strip  Steels  was  appointed  consist- 
ing of  J.  M.  Watson,  chairman,  Hupp  Motor  Car  Co.;  C.  N. 
Dawe,  Studebaker  Corporation  of  America;  F.  E.  McCleary, 
Dodge  Bros.;  Jack  Dailey,  General  Motors  Corporation; 
L.  A.  Danse,  Cadillac  Motor  Car  Co.;  and  E.  W.  Upham, 
Maxwell  Motor  Car  Co. 

The  Committee  was. given  full  power  to  fix  the  methods 
of  testing  and  to  obtain  help  from  men  not  on  the  Com- 
mittee. All  tests  are  to  be  made  in  the  manner  prescribed 
by  the  Committee,  which  will  send  monthly  reports  on  the 
work  to  the  Standards  Department  of  the  Society  for  dis- 
tribution among  the  Subdivision  members.  As  all  of  the 
members  of  the  testing  committee  are  located  in  Detroit, 
it  is  felt  that  rapid  progress  can  be  made. 

Steel  Felloes  for  Wood  Wheels 

Letters  proposing  the  standardization  of  the  tenon-holes 
in  steel  felloes  for  wood  wheels  were  discussed  at  the  Janu- 
ary meeting  of  the  Axle  and  Wheels  Division.  It  was  ar- 
gued that  while  there  is  practically  a  standard  among  the 
wheel  manufacturers  at  the  present  time,  a  published  stand- 
ard would  be  helpful.  The  dimensions  given  in  the  accom- 
panying table  were  approved  tentatively  for  adoption  as 
S.A.E.  Recommended  Practice. 

dimensions  of  tenon-holes  for  steel  felloes 

Pneumatic-Tire  Spoke  Size,  Diameter  of 

Size,  In.                             In.  Tenon-Hole,  in. 

3%-4                               1%  % 

4  1%  % 
4%                                   1%  % 

5  1%  % 

As  "giant"  pneumatic  tires  are  not  used  on  steel  felloes, 
it  was  not  felt  necessary  to  include  tire  sizes  above  5  in. 

Tire  Clearances 

A  suggestion  of  the  American  Chain  Co.  that  the  clearance 
between  tires  and  fenders  be  standardized  has  been  referred 
to  the  members  of  the  Passenger  Car  Division  for  study. 

In  making  this  suggstion,  J.  R.  Rayburn,  of  the  American 
Chain  Co.,  stated  that 

It  would  seem  of  prime  importance  to  provide  a  min- 
imum clearance  behind  and  ahead  of  the  tires  in  a 
horizontal  direction,  preferably  3  in.  The  vertical 
clearance  above  the  tires  depends  upon  the  extent  of 
the  spring  action. 

We  have  found  fender  braces  over  tires  free  to  con- 
tact with  the  tire  on  extreme  spring  compression.  When 
this  happens  with  chains  attached,  either  the  chains  or 
the  fender  bracket  must  fail. 

Tool  Steel 

Carbon  tool-steel  specifications  have  been  tentatively 
approved  by  the  Sub-Sub-Committee  of  Committee 
XIV  of  Committee  A-l  of  the  American  Society  for 
Testing  Materials.  Copies  of  these  specifications, 
which  cover  six  classes  of  carbon  tool-steel  as  deter- 
mined by  the  chemical  compositions,  have  been  sent  to 
the  members  of  the  Iron  and  Steel  Division  for  com- 
ment. 

The  specifications  cover  the  purposes  for  which  the 
classes  are  frequently  used;  process  of  manufacture, 
crucible  or  electric-furnace;  annealing;  chemical  com- 
position; methods  of  analysis;  permissible  variations 
in  dimensions;  finish;  marking  and  inspection  and  re- 
jection. 
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pairs  of  the  most  ordinary  character  which  are  obviously 
not  justified.  Much  value  lies  in  the  flat-rate  system  in  that 
it  necessitates  careful  analysis  of  operations.  Outside  of 
the  variation  in  labor  and  time  that  may  result  from  the 
difference  in  individual  conditions  on  the  same  class  of  job 
there  is  the  more  serious  matter  of  variation  in  the  amount  of 
material  required  to  do  a  first-class  job  under  different  con- 
ditions. Mr.  Bachman  felt  that  these  variations  cannot  be 
properly  provided  for  in  the  flat-rate  system  and  that  an 
overcharge  in  some  cases  and  an  undercharge  in  others  are 
inevitable.  One  of  the  most  interesting  statements  Mr.  Bach- 
man made  was  that  there  has  been  little  or  no  demand  for 
economical  automobile  transportation  as  opposed  to  cheap 
automobiles,  and  that  it  is  probable  that  a  product  based 
on  the  former  demand  would  be  a  failure:  He  said,  however, 
that  there  is  no  doubt  that  shortly  there  will  be  a  public 
demand  for  economy  in  automobile  operation,  which  will  be 
made  possible  by  numerous  factors,  including  highway  de- 
velopment and  general  distribution  of  repair  facilities. 

Past-President  Vincent  contributed  to  the  discussion  of 
the  papers  mentioned  above.  He  expressed  doubt  whether 
the  averaging  of  repair  costs  as  between  cars  that  are  well 
taken  care  of  and  those  that  are  neglected  is  worse  from 
the  owner's  standpoint  than  the  fact  that  on  a  time  and 
material  basis  the  owner  who  is  lucky  enough  to  draw  the 
fastest  man  in  the  service-station  has  an  advantage.  In 
addition,  the  man  who  takes  care  of  his  car  will  not  need 
to  have  repair  work  done  so  often.  Vehicles  are  designed 
to  give  good  all-round  results  in  territories  varying  greatly 
as  to  road  and  weather  conditions.  Mr.  Vincent  felt  that  the 
flat-rate  system  of  service  is  fair,  more  businesslike  and  con- 
ducive to  efficiency  in  the  relations  between  the  service-sta- 
tion and  the  vehicle  owner.  He  said  further  that  service- 
field  suggestions,  properly  analyzed  and  checked,  have  re- 
sulted in  refinement  of  car  models. 

0.  E.  Hunt,  chief  engineer  of  the  Chevrolet  Motor  Co., 
concurred  in  the  view  that  the  average  factory  engineering 
organization  is  not  closely  enough  in  touch  with  service 
problems.  He  said  that  car  builders  will  succeed  in  the  pro- 
portion that  they  convince  their  customers  that  they  are  giv- 
ing comfortable  and  dependable  transportation  at  a  less  cost 
than  their  competitors  are  giving  it. 

A.  J.  Scaife,  of  the  White  Motor  Co.,  expressed  the  opinion 
that  it  is  difficult  to  get  a  large  engineering  organization 
aroused  to  the  necessity  of  giving  due  consideration  to  com- 
plaints as  to  failure  in  service.  He  spoke  of  the  merit  of 
the  car  builder  having  representatives  in  personal  contact 
with  dealers,  fleet  owners  and  individual  customers,  as  this 
results  in  bringing  the  customer's  viewpoint  directly  to  the 
attention  of  the  engineering  staff. 

R.  E.  Fielder,  chief  engineer  of  the  Fifth  Avenue  Coach 
Co.,  specified  the  fundamental  requirements  in  the  procedure 


of  the  operating  engineer  as  being  accessibility,  simplicity, 
independent  unit-construction,  light-weight  units  that  are 
easily  handled,  elimination  of  surplus  refinements,  fool-proof 
and  accessible  adjustments,  and  lubrication  devices  that  are 
accessible  and  have  adequate  storage  capacity.  He  believed 
that  the  time  is  near  at  hand  when  the  operating  engineer 
will  determine  which  is  the  best  type  of  vehicle  to  purchase. 

C.  B.  Veal  was  of  the  opinion  that  the  whole  problem  dis- 
cussed resolves  itself  almost  entirely  into  one  of  management 
and  not  of  a  difference  of  opinion  between  the  designing  en- 
gineers and  the  service-men.  James  Florida,  of  the  Packard 
Motor  Car  Co.  of  New  York  City,  said  that  in  his  opinion 
the  flat-rate  system  has  come  to  stay,  as  it  not  only  increases 
efficiency  in  repairing  cars  but  assists  the  owner  in  reducing 
his  maintenance  cost.  Ralph  Rognon,  who  conducts  a  large 
independent  service-station  in  New  York  City,  made  a  plea 
for  planning  development  in  service.  He  said  much  could  be 
done  along  the  lines  of  the  standardization  work  of  the 
Society.  Past-President  Manly  made  the  point  that  the  fun- 
damentals of  service  are  integrity  and  efficiency,  neither  one 
of  which  is  worth  much  without  the  other;  combined  they 
will  be  effective  in  a  flat-rate  or  any  other  system.  Service 
Manager  Trend,  of  the  Maxwell-Chalmers  Co.,  said  that 
some  factory  service-departments  constitute  too  great  a  bar- 
rier between  the  service-men  and  the  designing  engineers. 
Azel  Ames,  of  the  Advisory  Board  of  the  Metropolitan  Divi- 
sion of  the  American  Automobile  Association,  offered  on  be- 
half of  car-owners  cooperation  in  the  solving  of  service  prob- 
lems. 

Views  were  advanced  by  various  speakers  to  the  effect 
that  some  service-departments  receive  no  cooperation  from 
the  factory  engineers;  that  the  latter  do  not  visit  the  former 
even  when  they  have  a  chance  to  do  so;  that  no  two  jobs  in- 
volve the  same  amount  of  work  in  the  shop,  and  contrariwise 
that  there  is  very  little  difference  in  the  amount  of  time 
consumed  as  between  different  jobs.  One  service-man  said 
that  in  operating,  by  giving  the  customer  estimates  as  to  the 
minimum  and  the  maximum  expense,  only  7  out  of  700  cus- 
tomers complained  of  overcharges.  Another  speaker  said 
that  in  18,000  operations  the  average  time  consumed  was 
36  min.  for  each. 

In  closing  the  session,  Chairman  Eastman  said  that  he 
favored  the  fiat-rate  system  but  that  he  felt  the  public  will 
have  to  be  convinced  of  its  merit ;  that  is,  made  to  understand 
the  premises  and  conditions  on  which  it  is  based. 


NEW  ENGLAND  TO  DISCUSS  ECONOMICS 

Harry  Tipper,  whose  opinions  on  merchandising  and  the 
economic  phases  of  the  automotive  industry  are  respected 
highly,  will  address  the  New  England  Section  at  the  Engi- 


Schedule  of  Sections  Meetings 

MARCH 

2 — Detroit  Section — Painting  Practice  and  Problems  from  the  Chemist's  Viewpoint — L.  Valentine  Pulsifer. 
2 — Washington  Section — Engineering  from  the  Service-Man's  Viewpoint 
7 — Minneapolis   Section — Development  of  the  Modern  Airplane — Charles  Boehnlein 
15 — Metropolitan   Section— Possibilities   in  the  Development  of  the  Trolley  Bus — William  P.  Kennedy 
16 — Buffalo  Section — Impressions  of  the  New  York  City  and  Chicago  Automobile  Shows — J.  Edward  Schipper 
16 — Cleveland  Section — The  Value  of  the  Consulting  Engineer  to  the  Automotive  Industry — James  A.  Guthrie 
16 — New  England  Section — Economic  Phases  of  the  Automotive  Industry — Harry  Tipper 
23— Mid-West  Section — Road  Lighting — F.  H.  Ford 
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neers'  Club  in  Boston,  Friday  evening,  March  16.  This  meet- 
ing occurs  during  the  week  of  the  Boston  Automobile  Show. 
It  has  been  the  custom  of  the  Section  to  devote  its  meetings 
during  show  time  to  the  commercial  rather  than  the  engi- 
neering problems  of  the  industry.  Mr.  Tipper's  talk  will  be 
followed  by  a  showing  of  the  North  East  Electric  Co.'s  latest 
animated  pictures  of  starting,  lighting  and  ignition  appa- 
ratus. An  informal  dinner  will  precede  the  meeting  at 
6:30  p.  m. 


TWO  MEETINGS  ON  LUBRICATION 

W.  F.  Parish,  lubrication  engineer,  addressed  the  Indiana 
Section  on  the  evening  of  Feb.  15.  His  paper  presented 
recommendations  and  experience  relating  to  the  Practical 
Application  of  Lubricants.  Extremely  cold  weather  af- 
fected the  meeting  attendance  but  those  who  defied  the  low 
temperatures  enjoyed  the  paper  very  much.  George  Weidely, 
Lon  R.  Smith,  Charles  Trask  and  0.  C.  Berry  took  an  active 
part  in  the  discussion.  Plans  for  the  March  meeting  of  the 
Section  had  not  been  completed  definitely  at  the  time  of  going 
to  press. 

A.  Ludlow  Clayden  addressed  the  Pennsylvania  Section  on 
Feb.  20,  presenting  in  an  interesting  manner  some  of  the 
fundamentals  of  lubrication.  The  Pennsylvania  Section  will 
hold  no  meeting  during  March. 


RECENT  ADVANCES  IN  AERONAUTICS 


Washington  Section  Hears  About  Work  of  Navy   and 
National  Advisory  Committee 

Members  of  the  Washington  Section  at  the  monthly  meet- 
ing held  on  Feb.  2  were  entertained  by  two  very  instructive 
papers.  The  first,  by  Lieut.  B.  G.  Leighton,  who  is  in  charge 
of  aeronautic  engine  development  in  the  United  States  Navy, 
described  the  Recent  Developments  in  Aircraft  Engines  in 
the  Navy;  the  second,  by  George  W.  Lewis,  executive  officer 
of  the  National  Advisory  Committee  for  Aeronautics,  dis- 
cussed the  progress  that  'has  recently  been  made  in  aero- 
nautic research. 

Confining  himself  closely  to  the  subject  and  believing  that 
an  aircraft  is  only  as  good  as  the  powerplant  that  sustains 
and  propels  it,  Lieutenant  Leighton  outlined  the  trend  of  the 
successive  improvements  in  engines  that  have  increased  the 
safety,  durability,  dependability  and  economy  of  aircraft. 
He  showed  that  the  standard  of  excellence  has  been  gradu- 
ally raised  from  the  original  50-hr.  test,  which  consisted  of 
a  series  of  5-hr.  runs  at  from  90  to  100  per  cent  of  the  rated 
output  without  failure  of  a  "major"  part,  to  the  present 
requirement  of  300  hr.  of  continuous  running  with  wide-open 
throttle  at  sea-level.  This  would  represent  about  600  hr. 
of  normal  flying-service,  and  at  a  speed  of  75  m.p.h.  would 
be  equivalent  to  about  45,000  miles  of  cruising.  By  succes- 
sively redesigning  the  parts  that  have  caused  break-downs 
the  maintenance  cost  has  been  reduced,  the  weight  per  brake 
horsepower  and  per  inch  of  piston-displacement  has  been 
decreased,  and  the  fuel  consumption  per  brake  horsepower 
has  been  lowered.  The  Packard  1A-1551  engine,  which  will 
be  installed  in  our  first  rigid  airship,  has  completed  its  test 
and  shows  a  fuel  consumption  of  0.44  lb.  per  b.hp-hr.  Of 
the  lighter  engines,  the  test  of  the  Aeromarine  U-8-D,  an 
eight-cylinder  V-type  water-cooled  engine,  was  satisfactory 
in  every  respect  except  in  the  weight  per  horsepower.  When 
redesigned,  the  weight  was  materially  decreased,  the  output 
increased  and  at  the  same  time  the  durability  was  main- 
tained, the  original  model  weighing  575  lb.  and  developing 
225  b.hp.  at  1800  r.p.m.  and  the  modified  engine  weighing 
520  lb.  and  developing  260  b.hp.  at  the  same  speed.  A  still 
lighter  model,  the  Wright  E-2,  having  approximately  the 
same  characteristics  as  the  U-8-D  and  being  a  development 
of  the  small  Hispano-Suiza,  has  undergone  satisfactory  en- 
durance tests,  but  several  changes  are  being  incorporated 
into  a  later  model,  the  E-4. 

The  cost  of  overhauling  aircraft,  he  said,  is  not  generally 


appreciated,  the  standard  Liberty  engine  requiring  300-  man- 
hours  of  labor  for  overhauling  after  every  72  hr.  of  flying 
operation,  that  is,  4.2  hr.  of  overhauling  labor  at  a  cost  of 
$6.30  for  each  hour  of  flying,  or  approximately  8.4  cents  per 
mile.     This  does  not  include  the  cost  of  replacement  parts. 

Recent  designs  have  demonstrated  that  a  reduction  of 
weight  is  possible  without  sacrificing  either  strength  or 
durability;  the  Wright  model  T-2  weighs  1150  lb.,  has  a 
piston-displacement  of  1950  cu.  in.  and  a  normal  output  of 
550  b.-hp.;  the  Curtiss  model  D-12  weighs  670  lb.,  has  1145- 
cu.  in.  piston-displacement  and  develops  375  b.-hp.  at  1800 
r.p.m.;  and  an  experimental  model  now  under  construction 
will  weigh  1150  lb.,  have  a  total  piston-displacement  of  2450 
cu.  in.  and  an  assumed  output  of  775  hp.  at  1800  r.p.m.  At 
its  rated  output  of  625  hp.  the  weight  will  be  1.80  lb.  per  hp. ; 
at  the  designed  horsepower  it  will  be  1.55  lb.  per  hp. 

Among  the  other  subjects  that  have  been  investigated  are 
the  practicability  of  using  larger  cylinder-bores,  the  possi- 
bility of  increasing  the  rotative  speed  and  the  brake  mean 
effective  pressure  and  the  question  of  realizing  a  higher 
specific  power  and  a  lower  specific  fuel-consumption  through 
the  use  of  higher  compression-ratios.  The  test  of  the  Wright 
Model  D-l,  a  six-cylinder  vertical  engine  with  7-in.  bore  and 
8-in.  stroke,  has  demonstrated  its  entire  suitability  for 
dirigible  service;  the  Wright  model  T-2  and  the  Curtiss 
model  D-12  both  have  been  run  for  hours  at  a  20-per  cent 
overload  without  evidence  of  failure  in  any  part;  and  the 
problem  of  higher  compression  is  said  to  hinge  entirely  on 
the  procuring  of  a  fuel  that  will  not  only  obviate  detonation 
but  will  be  available  in  large  quantities  at  a  reasonable  cost. 
A  blend  containing  30  parts  of  alcohol  and  70  parts  of  gaso- 
line appears  to  meet  these  conditions. 

Because  of  the  large  number  on  hand,  although  they  have 
been  falling  behind  the  procession,  the  Liberty  engines  also 
have  been  undergoing  a  process  of  remodeling  with  a  view 
to  improving  their  durability,  dependability  and  the  weight 
factor.  The  predicted  performance  of  the  modified  types  in- 
dicates that  a  marked  improvement  in  all  these  respects  is 
to  be  expected. 

With  regard  to  the  comparative  merits  of  air-cooled  and 
water-coolel  engines,  it  is  the  opinion  of  Lieutenant  Leigh- 
ton, based  on  the  results  of  2  years  of  intensive  testing,  that 
there  is  nothing  to  indicate  that  the  air-cooled  engine  is 
less  efficient,  flexible,  powerful,  dependable  or  durable,  or 
more  sensitive  to  changes  in  altitude  or  in  temperature  than 
the  water-cooled  engine;  on  the  other  hand,  it  is  lighter, 
requires  less  preliminary  running  to  warm-up  in  cold 
weather  and  less  attention  on  the  part  of  the  pilot  in  flight, 
and  its  installation  is  distinctly  simpler  and  cheaper.  In 
the  preliminary  flights  and  in  the  early  laps  of  the  race  at 
Detroit,  two  airplanes,  identical  in  every  respect  except  in 
powerplant,  one  being  equipped  with  the  Wright  model  E-2 
water-cooled  engine  and  the  other  with  the  Lawrance  model 
J-l  air-cooled  engine,  appeared  to  be  exactly  equal  in  speed 
at  the  same  propeller  speed.  The  water-cooled  type  did  not 
finish  the  race  on  account  of  a  broken  propeller  tip.  In  the 
naval  service  the  air-cooled  engine  in  the  smaller  sizes,  up 
to  300  hp.,  has  definitely  displaced  the  water-cooled  engine. 
In  commercial  service,  the  argument  is  adva-nced  that  the 
saving  of  dead-weight  by  the  use  of  air-cooled  engines  would 
increase  the  possible  pay-load  without  in  any  way  affecting 
the  performance  characteristics  of  the  airplane. 

Mr.  Lewis'  talk  was  illustrated  by  lantern-slides.  After 
showing  the  original  Wright  airplane  and  describing  the 
early  efforts  to  fly,  he  contrasted  the  primitive  types  with 
those  of  the  present  day  and  included  views  of  some  of  the 
gliders.  The  methods  employed  to  solve  airplane  problems 
by  the  wind-tunnel  were  outlined,  with  special  reference  to 
the  study  of  scale  effect,  and  to  the  investigation  of  the  dis- 
tribution of  forces  over  the  various  surfaces  of  airplanes, 
an  investigation  that  has  led  to  new  methods  of  control  and 
of  construction  and  to  the  design  of  new  types  of  instru- 
ments for  measuring  performance. 

Past-President  Bachman,  Vice-President  H.  M.  Crane, 
Mr.  Van  Ness,  Mr.  Lewis,  R.  M.  Parsons,  W.  S.  James,  Lieu- 
tenant Leighton  and  Dr.  H.  C.  Dickinson  participated  in 
the  discussion. 
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PRESSURES  IN  GASEOUS  EXPLOSIONS 


ON  igniting  a  homogeneous  inflammable  gaseous  mixture 
contained  in  a  closed  vessel,  a  sphere  of  flame  with  the 
point  of  ignition  as  the  center  spreads  outward,  slowly  at 
first*,  and  then  with  increasing  speed.  As  the  flame  spreads, 
the  potential  chemical  energy  of  the  combustible  gas  is 
transformed  into  thermal  energy,  and  the  temperature  and 
pressure  of  the  burning  gas  rise  in  consequence.  The  pres- 
sure rises  slowly  at  first  and  then  rapidly  until  a  maximum 
rate  of  pressure  rise  is  attained,  which  remains  constant  for 
some  time.  Later,  the  rate  of  rise  becomes  less  until  the 
maximum  pressure  is  reached,  and  afterward  the  pressure 
begins  to  decrease  owing  to  the  cooling  action  of  the  walls 
of  the  containing  vessel.  The  period  that  elapses  between 
the  moment  at  which  the  pressure  begins  to  rise,  and  the 
moment  at  which  the  pressure  attains  its  maximum  value,  is 
known  as  the  time  of  explosion. 

The  greater  part  of  the  burning  takes  place  during  the 
explosion  period,  but  a  considerable  proportion  of  the  gas 
remains  unburnt  at  the  moment  of  maximum  pressure,  and 
the  combustion  of  this  unburnt  gas  takes  place  as  the  mix- 
ture cools.  An  appreciable  volume  of  inflammation  also  ap- 
pears to  take  place  before  the  pressure  begins  to  rise,  that 
is,  during  the  period  that  elapses  between  the  moment  of 
passage  of  the  ignition  spark  and  the  moment  when  the 
pressure  begins  to  rise.  This  period  has  been  termed  the 
pre-pressure  period. 

It  was  predicted  by  Sir  Dugald  Clerk  and  experimentally 
confirmed  by  the  late  Prof.  Bertram  Hopkinson  that  the 
flame  completely  filled  the  explosion  vessel  some  little  time 
before  the  attainment  of  the  maximum  pressure.  During 
the  explosion  of  a  10-per  cent  mixture  of  coal-gas  and  air 
at  atmospheric  density  in  a  vessel  of  6.20-cu.  ft.  capacity, 
for  which  the  time  of  explosion  was  0.25  sec,  Hopkinson 
found  that  the  flame  completely  filled  the  vessel  about  1/30 
sec.  before  the  attainment  of  the  maximum  pressure.  The 
maximum  pressure  developed  in  this  experiment  was  82  lb. 
per  sq.  in.,  and  the  pressure  at  the  moment  when  the  flame 
completely  filled  the  vessel  had  risen  as  high  as  70  lb.  per 
sq.  in. 

A  very  interesting  point,  first  noticed  by  Hopkinson,  is 
that  the  portions  of  the  gas  first  ignited  undergo  adiabatic 
compression,  due  to  an  increase  of  the  pressure  developed 
by  the  later  inflammation  of  the  surrounding  portions.  Ow- 
ing to  this,  the  distribution  of  temperature  in  the  gaseous 
mixture  at  the  moment  of  maximum  pressure  is  far  from 
being  uniform.  The  gaseous  mixture  at  this  moment  con- 
sists of  a  hot  core  surrounded  by  cooler  portions.  In  one 
of  Hopkinson's  experiments  with  a  10-per  cent  mixture  of 
coal-gas  and  air,  it  was  found  that,  while  the  mean  tem- 
perature of  the  gaseous  mixture  at  the  moment  of  maximum 
pressure  was  about  1600  deg.  cent.  (2912  deg.  fahr.),  the 
temperature  of  the  hot  core  was  as  much  as  1900  deg.  cent. 
(3452  deg.  fahr.). 

In  some  experiments  made  with  an  optical  indicator  with 
a  high-frequency  spring,  when  the  spark  was  placed  in  the 
center  of  the  vessel,  the  time  of  explosion  was  less  and  the 
maximum  pressure  developed  was  greater  than  when  the 
spark  was  placed  near  one  end  of  the  vessel.  In  the  former 
case,  the  time  of  explosion  was  0.050  sec.  and  the  maximum 
pressure  105  lb.  per  sq.  in.  above  that  of  the  atmosphere, 
and  in  the  latter  case  0.075  sec.  and  100  lb.  per  sq.  in. 

Curves  were  taken  with  a  15.0-per  cent  mixture  composed 
of  15  parts  of  coal-gas  and  85  parts  of  air,  with  a  12.5-per 
cent  mixture  and  with  a  10.0-per  cent  mixture.  All  the 
gaseous  mixtures  were  at  atmospheric  pressure  before  firing. 
In  the  strong  mixture  a  maximum  pressure  of  105  lb.  per 
sq.  in.  above  that  of  the  atmosphere  was  developed  in  0.05G 
sec;  in  the  medium  mixture,  90  lb.  per  sq.  in.  in  0.075  sec; 
and  in  the  weak  mixture,  76  lb.  per  sq.  in.  in  0.140  sec.     The 


15-per  cent  mixture  required  practically  the  whole  of  the 
oxygen  in  the  air  for  its  complete  combustion.  The  weak- 
est mixture  of  this  coal-gas  that  would  ignite  on  the  pas- 
sage of  the  spark  contained  between  7  and  8  per  cent  of 
coal-gas. 

Similar  curves  were  taken  of  hydrogen-and-air  mixtures  of 
25.0  per  cent,  15.3  per  cent  and  10.0  per  cent.  The  strong 
mixture  gave  a  maximum  pressure  of  87  lb.  per  sq.  in.  above 
atmosphere  in  0.014  sec,  the  medium  mixture  a  maximum 
pressure  of  61  lb.  per  sq.  in.  in  0.060  sec,  and  the  weak 
mixture  a  maximum  pressure  of  44  lb.  per  sq.  in.  in  0.250  sec. 

The  time  of  explosion  increases  slightly  with  the  density; 
at  %  atmosphere  it  is  0.0420  sec,  while  at  1  atmosphere  it  is 
0.0500  sec,  and  at  IY2  atmospheres  0.0575  sec.  The  ratio 
of  the  maximum  absolute-pressure  to  the  initial  pressure 
increases  slightly  with  the  density.  At  %  atmosphere  this 
ratio  is  about  7.75,  while  at  densities  of  1  atmosphere  and 
over  it  is  a  little  greater  than  8.00.  This  is  due  mainly  to 
the  relative  decrease  in  the  heat-loss  during  the  explosion 
period  as  the   density  is   increased. 

Sir  Joseph  Petavel,  experimenting  with  coal-gas  and  air 
mixtures  at  very  high  densities,  also  found  that  the  ratio 
of  the  maximum  to  the  initial  pressure  increases  with 
the  density.  Thus,  for  a  particular  mixture  at  about  75 
atmospheres  this  ratio  was  about  8.6,  whereas  for  the  same 
mixture  at  atmospheric  density  in  the  same  explosion  vessel, 
the  ratio  was  about  7.0. 

Effect  of  Interior  Finish 

The  interior  surface  of  the  explosion  vessel  was  silver- 
plated  and  could  therefore  be  made  either  reflecting  by  pol- 
ishing or  absorbent  as  regards  radiation  by  blackening.  With 
two  identical  15-per  cent  mixtures  of  coal-gas  and  air,  but  in 
the  one  case  the  walls  of  the  vessel  being  polished,  and  in 
the  other  case  blackened,  the  maximum  pressure  was  about 
3  per  cent  greater  and  the  rate  of  cooling  much  slower  with 
the  polished  vessel.  This  is  a  result  first  discovered  by  Hop- 
kinson. The  reason  for  the  greater  pressure  and  the  slower 
cooling  in  the  polished  vessel  is  that  the  radiation  emitted 
by  the  hot  gaseous  mixture  is  reflected  back  by  the  walls 
and  reabsorbed  by  it. 

With  25-per  cent  mixtures  of  hydrogen  and  air  exploded 
under  similar  conditions  as  the  coal-gas  mixtures,  the  rate 
of  cooling  in  the  polished  vessel  is  considerably  less  than 
that  in  the  blackened  vessel,  but  the  maximum  pressure 
in  the  polished  vessel  is  not  appreciably  greater  than  that  in 
the  blackened  vessel.  This  is  due  to  the  fact  that  the  amount 
of  radiation  emitted  during  the  very  short  explosion  period 
is  very  small. 

Effect  of  Inert  Carbon  Dioxide 

In  replacing  the  nitrogen  of  the  air  by  inert  carbon  diox- 
ide, a  15-per  cent  mixture  of  coal-gas  and  air  composed  of 
15.0  per  cent  of  coal-gas,  17.8  per  cent  of  oxygen  and  67.2 
per  cent  of  nitrogen;  a  mixture  containing  15.0  per  cent  of 
coal-gas,  26.4  per  cent  of  oxygen,  and  58.8  per  cent  of  car- 
bon dioxide;  and  a  mixture  containing  15.0  per  cent  of  coal- 
gas,  19.7  per  cent  of  oxygen  and  65.3  per  cent  of  carbon 
dioxide,  the  presence  of  carbon  dioxide  reduces  greatly  the 
maximum  pressure  developed  and  slows  down  the  speed  of 
combustion ;  further,  the  greater  the  proportion  of  carbon  di- 
oxide, the  lower  the  pressures  and  the  slower  the  burning. 
The  lower  maximum-pressures  produced  in  the  carbon-diox- 
ide mixtures  are  due  in  a  large  measure  to  the  greater  volu- 
metric or  specific  heat  of  carbon  dioxide  as  compared  with 
that  of  nitrogen.  Probably,  too,  in  the  carbon-dioxide  mix- 
tures rather  less  of  the  coal-gas  is  burnt  at  the  moment  of 
maximum  pressure  than  in  the  nitrogen  mixtures. — Prof. 
W.  T.  David  in  Engineering   (London). 
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Blossom,  Rot  E.,  special  sales  representative,  Prest-O-Lite  Co.,  Inc., 
Indianapolis. 

Bowman,    John    Alden,    comptroller,    John    W.    Brown    Mfg.    Co., 
Columbus,  Ohio. 

Bunnell.    Fred   H.,   student,    Michigan   Agricultural    College,   East 
Lansing,  Mich. 

Campbell,    Fred    J.,    chief    draftsman,    Falls    Motors    Corporation, 
Sheboygan  Falls,  Wis. 

Catlin,    Aurel    A.,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Clemens,    Fred    J.,    mechanical    superintendent,    Robert    Mfg.    Co., 
New  Haven,  Conn. 

Collins,  P.   A.,   technical  service  department,  Reo  Motor   Car   Co., 
Lansing,  Mich. 

Cook,  Walter,  student,   Michigan  Agricultural  College,  East   Lan- 
sing, Mich. 

Crowe,  G.   Francis,  student,  University  of  Toronto,    Toronto,  Ont., 
Canada. 

Cruden,    J.    P.,    district    sales   manager,    Standard    Oil    Co.,    Walla 
Walla,  Wash. 

Davie.    Arthur    J.,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Degener.    Paul  A.,    president,    Rochester   Motors   Corporation,   New 
York  City. 

Donner  Steele  Co.,  Inc.,  Buffalo,  N.  Y. 

Downey.  J.  S.,  salesman,  Chanslor  &  Lyon  Co.,  Los  Angeles. 

Drake,  Harold,  airplane  designer,  G.  Elias  &  Bro.,  Buffalo. 

Drumm,  Edgar  A„  principal  of  T.  M.  C.  A.  automobile  school,  City 
of  Washington. 

Dunbaugh,  George  J.,  Jr.,  secretary,  Champion   Mfg.  Co.,  Chicago. 

Eskowit,     Isadore.     student,    Polytechnic    Institute    of    Brooklyn, 
Brooklyn,  N.  Y. 

Fairbank,    Charles   William,   test   engineer,    Standard   Oil   Co.   of 
New  jersey,  Baltimore. 

Falconer,    John    Willabd,    student,    Armour    Institute    of    Tech- 
nology, Chicago. 

Francis,  Philip  W.,  Yorktown  Motor  Co.,  Yorktown  Heights,  N.  Y. 

Francis.  Tench,  Yorktown  Motor  Co.,  Yorktoion  Heights,  N.  Y. 

Gleisen,  D.,  manager,  Eastern  division,  Hyatt  Roller  Bearing  Co., 
New  York  City. 

Gratwicke.   Walter,   engineer,    British    Aluminum    Co.,   Ltd.,    New 
York  City. 


Greene,  Whitney  E.,  instructor,  Pennsylvania  State  College,  State 
College,  Pa. 

Hackett,  Frank  J.,  service  manager,  Sills-Chevrolet  Co.,  Boston. 

Hackham,   George   John,   chief  engineer,   Yellow  Coach  Mfg.    Co., 
Chicago. 

Haigh,    James    H.,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Hanning,  James  Rowland,  student,  University  of  Toronto,  Toronto, 
Ont.,  Canada. 

Hartshorn,   Stanley  Denton,  student,   Massachusetts  Institute  of 
Technology,  Cambridge,  Mass. 

Happersett,  Roland  H.,  student,  Tri-State  College,  Angola,  Ind. 

Higgins,    William    H.    C,    chief    engineer,    Advance-Rumely    Co., 
LaPorte,  Ind. 

Hoffman,  E.  E.,  chief  engineer,  Hendee  Mfg.  Co.,  Springfield,  Mass. 

Holmes,   Lawrence  J.,   factory   manager,   International  Motor  Co., 
Allentown,  Pa. 

Hughes,    Llotd    I.,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Ingersol,  Austin  O.,  student,  Michigan  Agricultural  College,  East 
Lansing,  Mich. 

Jackson,  Lee   R.,   district  manager,   Firestone  Tire  &  Rubber  Co., 
Detroit. 

Jaycox,   Randall   Eugene,   automobile    repairman,    Oak   Ridge   Oil 
Co.,  Santa  Paula,  Cal. 

Judson,  Arthur,  vice-president,  Fuller  &  Smith,  Cleveland. 

Keller,   A.,  vice-president   and  works  manager,  Golde-Patent  Mfg. 
Co.,  New  York  City. 

Kinney,  Aldon  M.,  assistant  superintendent,  Cropper-Kinney  Auto 
Spring  Co.,  Lebanon,  Ohio. 

Klinger,    G.    W.,    engineer    of   tests,    and    manager    of   automotive 
department,  Vibration  Specialty  Co.,  Philadelphia. 

Leaver,  Albert  Joseph,  consulting  automotive  engineer,  Brisbane, 
Queensland.  Australia. 

LeRoy,  B.  L.,  engineer,  Beans  Spring  Co.,  Massillon,  Ohio. 

Lewis,   Werner   H.,   student,   Michigan   Agricultural   College,   East 
Lansing,  Mich. 

Little.   J.    Griffin,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Logan,  G.  L.,  technical  service  department,  Packard  Motor  Car  Co., 
Detroit. 

Luckett,  Dinwiddle  J.,  ordnance  engineer,  design  section,  Ordnance 
Department,  Rock  Island  Arsenal,  III. 

McAdam.    D.    J.,   Jr.,    metallurgist,    Naval    Engineering    Experiment 
Station,  Annapolis,  Md. 

MacDonald,    W.   W.,    chief   engineer,    MacDonald    Truck    Division, 
Union  Construction  Co.,  Oakland,  Cal. 

Mack,  William,  sales  manager,  Borg  &  Beck  Co.,  Chicago. 

Market,    Roscob   I.,    aeronautic    designer,    engineering   division.    Air 
Service,   McCook  Field,  Dayton,  Ohio. 

Maxim,   Albert,    engineering   mechanic,    Ward   Motor   Vehicle   Co., 
Mount  Vernon,  N.  Y. 

Meigs,  Dwight  R„  vice-president,  U.  S.  Axle  Co.,  Pottstoivn,  Pa. 

Meyer,  Alvin  W.,  mechanic,  Waddams  Garage,  Waddams  Grove,  III. 

Morrish,    Neil    B.,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Morrison.    Earl   L.,   student,   Michigan   Agricultural   College.   East 
Lansing,  Mich. 

Ottenhoff,   W.    B.,   manager   of   engineering  and   service   division, 
Indian  Refining  Co.,  Inc.,  New  York  City. 

Peaslee,  W.  D.  A.  chief  engineer,  Belden  Mfg.  Co.,  Chicago. 

Pfeiffer,  Arthur  E.,  student,  University  of  Illinois,  Urbana,  Ih. 

Platz,    Henry    A.,    student,    Michigan    Agricultural    College,    East 
Lansing,  Mich. 

Pokorny,  Frank,  experimental  engineer  and  president,  Rex  Motor 
Control,  Mamaroneck,  N.  Y. 

Porter,  H.   K.,   directing  engineer,   Eastern   division,   Hyatt   Roller 
Bearing  Co.,  New  York  City. 

Presbrey,  Otis  Flagg,  instructor,  Polytechnic  Institute  of  Brooklyn, 
Brooklyn,  N.  Y. 

Rabidoux,  Edward  J.,  service  supervisor,  Reo  Motor  Car  Co.  of  New 
York,  New  York  City. 
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Reed,  Newton  L..  superintendent  of  motor  equipment,  Crew  Levick 
Co.,  Philadelphia. 

Robb,  William  C,  assistant  manager,  Ohio  Rubber  Co.,  Detroit. 

Schweitzer.  Paul  H..  mechanical  engineer  and  tool  designer,  Oak- 
land Motor  Car  Co.,  Pontiac,  Mich. 

Sherwood,  H.  H  ,  president,  Sherwood  Petroleum  Co.,  Inc.,  Brooklyn, 
N.  r. 

Slaker,  Charles  S.,  general  manager,  Hayes  Wheel  Co..  Jackson, 
Mich. 

Slattert,    Michael    W.,    instructor,    Arsenal     Technical    Schools, 
Indianapolis. 

Small,   Fred  Fulton,   mechanical   superintendent,   Pacific   Electric 
Railway  Co.,  Los  Angeles. 

Sohlinger,   W.   J.,   vice-president  and  general  manager,  Flint  Var- 
nish &  Color  Works.  Flint,  Mich. 

Spencer.   Robert  D„   student.   Michigan  Agricultural  College,   Fast 
Lansing,  Mich. 

Sperling,    Ezra    F.,    student,    Michigan   Agricultural    College,    East 
Lansing,  Mich. 

Stiff,    Mason    C.    student,    Michigan    Agricultural    College,    Fast 
Lansing,  Mich. 

Stilger.  William  M..  parts  manager,  Hudson  Motor  Co.  of  Illinois. 
Hi  icago. 


Telford,  Marshall  H.,  student,  Tri-State  College,  Angola,  Ind. 

Thomson.   William   G.,   automobile   mechanic.   Consumers   Ice   Co., 
San  Francisco. 

Transcontinental  Oil  Co.,  Pittsburgh. 

Truscott,    Percy    John,    student.    Michigan    Agricultural    College, 
Fnst  Lansing,  Mich. 

Wachtler,   William   B.,   directing  engineer,   Hyatt  Roller   Bearing 
Co.,  Newark,  N.  J. 

Wadia,  J.   R.,  automobile  engineer,   c/u   Mathews   &   Co.,   Bombay, 
India. 

Watanabe,    Torajiro,    professor,    College   of   Engineering,    Waseda 
University,  Tokyo,  Japan. 

Welsh.  James  W.,  executive  secretary,  American  Electric  Railway 
Association,  New  York  City. 

Wharam,  John  H.,  assistant  engineer,  Lincoln  Motor  Co.,  Dearborn 
Mich. 

Wild.    Mark,    works    manager,    Meteor    Works,    Rover    Co.,    Ltd., 
Coventry,  England. 

Williams,   Francis,   sales   manager,    Gardner   Waern   &  Co.,   Ltd., 
Melbourne,  Victoria,  Australia. 

Wright.  J.  R..  research  engineer,   Standard  Oil  Co.  of  New  Jersey, 
abeth,  N.  J. 
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Chronicle  and  Comment 


Painting  Troubles 

ONE  of  the  most  general  manufacturing  problems 
encountered  of  late  has  been  that  epitomized 
as  paint-trouble.  The  Detroit  Section  devoted 
its  March  meeting  to  this  subject  and  the  wide-spread 
interest  in  it  is  reflected  in  the  attendance  which  ex- 
ceeded 250.  A  feature  of  the  meeting  was  the  rapid- 
fire  answering  of  practical  questions  by  the  speaker, 
L.  V.  Pulsifer.  These  questions  with  the  answers  form 
a  valuable  paper  on  painting  that  is  recommended  to  the 
members  for  careful  reading.  The  report  will  be  found 
on  p.  335. 

Farm  Tractor  Meeting 

THE  Society  will  hold  its  annual  Tractor  Meeting 
at  the  Auditorium  Hotel,  Chicago,  April  19.  En- 
gineering sessions  have  been  scheduled  in  the 
morning  and  afternoon  with  an  informal  Tractor 
Luncheon  at  noon.  One  technical  paper  will  be  read 
at  each  of  the  sessions.  The  all-purpose  type  of  farm 
tractor  will  be  the  subject  discussed  in  the  morning  ses- 
sion. Constructive  engineering  criticism  based  on  the 
Nebraska  tractor  tests  will  be  presented  in  the  after- 
noon. Both  papers  will  have  a  distinct  bearing  upon 
the  design  of  the  farm  tractor  of  the  future.  Further 
details  of  this  meeting  are  given  on  p.  398. 

Automotive  Traffic 

OUR  trucks  move  1,250,000,000  tons  of  freight  a 
year.  Allowing  for  10,000,000  passenger  cars  in 
daily  use,  on  the  basis  of  2V2  persons  riding  in 
a  car,  we  have  25,000,000  automobile  passengers  daily. 
Seventy-two  per  cent  of  all  the  automobiles  go  into  popu- 
lation points  of  50,000  or  less,  52  per  cent  into  points  of 
10,000  or  less  and  30  per  cent  into  points  of  5000  or  iess. 
We  have  $1,500,000,000  invested  in  our  plants.  We 
produce  more  than  2,000,000  units  of  transportation 
yearly.  The  wholesale  value  of  cars,  trucks,  tires  and 
accessories,  in  12  months,  amounts  to  $3,500,000,000.  We 
expend  for  material  $1,250,000,000.  We  pay  $350,000,000 
of  wages  to  250,000  factory  employes,  and  open  a  means 
of  livelihood  to  perhaps  as  many  more  associated  with 
dealer  plants,  garages,  repair  shops  and  filling  stations. — 
George  M.  Graham. 


Automotive  Transportation  Meeting 

A  NATIONAL  meeting  of  the  Society  will  be  fea- 
tured this  month  devoted  entirely  to  the  topic 
of  automotive  transportation.  It  is  scheduled 
in  Cleveland,  April  26  to  28,  and  will  include  several 
professional  meetings,  the  Motor  Transport  Dinner  and 
a  group  of  factory  visits.  The  attractive  program  of 
papers  printed  on  p.  399  reflects  the  scope  and  impor- 
tance of  this  meeting.  Some  of  the  Country's  ablest 
transport  authorities  will  read  their  opinions  on  auto- 
motive-transportation problems.  The  motor  truck, 
motorbus  and  taxicab  will  each  receive  attention.  The 
meeting  is  of  primary  importance  to  everyone  in  the 
automotive-transport  business  be  he  engineer,  vehicle 
builder  or  operator.  Reduced  railroad  fares  and  the 
central  location  of  the  meeting  place  render  attendance 
inexpensive  and  convenient. 

S.  P.  A.  E. 

HARTLEY  MANNERS,  in  a  fit  of  irritation,  has 
called  our  theatrical  managers  glorified  janitors. 
How  can  glory  be  added  to  him  in  whose  person 
all  known  glories,  splendors  and  powers  are  already  cen- 
tralized? What  Mr.  Manners  really  meant  was  that  the 
managers  are  half-hearted  janitors,  with  the  inferiority 
complex,  who  perform  the  work  of  a  janitor  but  dare  not 
assume  the  name  and  regalia. 

That  reproach  cannot  be  brought  against  the  members 
of  the  Society  of  Professional  Auto  Engineers.  There  is 
a  Society  of  Automotive  Engineers,  composed  not  of  ama- 
teurs as  might  be  hastily  inferred,  but  of  engineers  en- 
gaged in  the  production  of  automotive  vehicles.  But  the 
Society  of  Professional  Auto  Engineers  is  composed  of 
persons  who  operate  automotive  vehicles.  The  coarse  un- 
feeling world  has  been  calling  them  chauffeurs.  "Chauf- 
feur" means  the  man  who  heats  up,  and  the  Professional 
Auto  Engineers  heat  up  only  when  you  call  them  chauf- 
feurs. They  want  to  eliminate  that  disgusting  word,  not 
only  for  themselves  but  for  humbler  brethren  in  similar 
occupation,  who  are  hereafter  to  be  known  as  automobile 
drivers. 

Not  every  automobile  driver,  it  appears,  can  get  into 
the  Society  of  Professional  Auto  Engineers.  That  is 
confined    to    "professional    operators    of    automobiles    in 
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private  employment."  A  taxi  driver  is  not  a  professional 
automobile  engineer.  Yet  even  he  is  above  being  stig- 
matized by  the  epithet  of  chauffeur,  it  seems,  and  the  So- 
ciety of  Professional  Auto  Engineers  wants  us  all  to  get 
into  the  habit  of  using  the  term  "automobile  driver"  for 
persons  who  operate  taxis  and  trucks.  But  for  profes- 
sionals in  private  employment  the  term  engineer  is  re- 
served, thus  maintaining  the  heaven-born  distinctions  of 
the  caste  system  on  the  driver's  seat.  All  that  is  now 
needed  is  a  simple  terminology  to  describe  the  three 
ranks  of  passengers;  those  who  own  a  car  driven  by  a 
Professional  Auto  Engineer,  those  who  own  and  drive 
their  own,  and  those  who  own  nothing  but  the  price  of 
a  taxi  ride. 

Luckily  we  have  the  three  terms  ready  to  hand.  They 
come  down  from  old  times,  with  some  antique  connota- 
tions, but  their  substantial  meaning  suits  the  need, 
nobles,  gentry  and  the  common  herd. — New  York  Times. 

1923  Roster 

THE  1923  Roster  of  the  Society  will  be  mailed  early 
in  April  to  those  members  who  ordered  copies 
of  it  prior  to  March  15,  in  accordance  with  the 
notice  that  was  sent  to  all  members  in  December.  A 
small  surplus  supply  has  been  provided  for  stock  and 
members  who  order  late  will  be  supplied  until  the  stock 
has  been  exhausted,  but  no  reprint  of  the  Roster  will 
be  made  to  supply  all  those  whose  orders  were  received 
after  March  15. 

Because  of  the  number  of  changes  of  address  and  com- 
pany affiliation  that  are  constantly  occurring  in  the 
roster  files  of  the  Society,  special  care  has  been  taken 
to  obtain  the  most  uptodate  information  possible  and  to 
print  the  roster  as  quickly  as  possible  after  a  specific 
closing  date.  Changes  in  address  have  been  made  up  to 
the  time  of  receipt  of  final  page-proofs.  Four  change- 
of -address  blanks  were  sent  to  the  entire  membership 
between  Oct.  1  and  March  15.  Approximately  4000 
members  replied,  necessitating  2500  corrections  in  the 
files. 

To  eliminate  clerical  errors  so  far  as  possible  and  to 
speed  up  the  work  of  printing,  the  writing  of  copy  is 
eliminated  by  maintaining  a  special  file  of  cards  for  the 
Roster,  which  is  kept  uptodate  and  furnished  to  the 
printer  as  copy  when  the  Roster  is  to  be  printed.  This 
has  eliminated  2  months'  work  of  5  typists  and  reduced 
the  time  consumed  in  printing  the  Roster  from  4  months 
to  30  days.  This,  we  believe,  gives  the  members  a  Roster 
as  nearly  uptodate  as  is  physically  possible  in  an  or- 
ganization of  the  size  of  the  Society. 

The  book  is  divided  into  three  main  classifications; 
the  alphabetical  register,  the  company  list  and  the  geo- 
graphical register  of  members.  In  addition  the  book 
contains  tables  giving  the  residence  of  the  members  by 
States  and  the  number  of  members  of  various  grades ; 
charts  showing  the  relative  increase  in  the  membership 
and  the  distribution  of  the  Society's  expenditures;  lists 
of  the  Society  Officers  and  Councilors,  the  staff,  adminis- 
trative committees,  members  of  the  Standards  Committee 
and  its  Divisions,  Past-Presidents,  Society  representa- 
tives in  other  organizations,  officers  of  local  Sections, 
Society  emblems  and  publications  with  prices,  and  in- 
formation regarding  membership  and  sections. 

In  connection  with  the  table  showing  the  geographical 
distribution  of  members  it  is  interesting  to  note  that 
New  York  State  holds  the  greatest  number  of  members 
of  any  single  State,  although  the  bulk  of  the  member- 
ship is  located  in  the  Middle  West. 


Licensing  of  Engineers 

ACCORDING  to  documentary  information  available 
at  the  headquarters  of  the  Federated  American 
Engineering  Societies,  as  of  Oct.  1,  1922,  23 
States  of  the  Union  had  enacted  laws  requiring  the 
registration  of  engineers.  The  provisions  of  the  vari- 
ous laws  differ  in  some  major  as  well  as  minor  respects, 
such  as  the  type  of  engineer  and  the  nature  of  the  en- 
gineering work  covered,  and  the  time  of  putting  penal- 
ties into  effect,  but  all  of  them  are  understood  to  be 
based  upon  or  the  result  of  a  bill  promulgated  generally 
by  the  American  Association  of  Engineers.  In  the 
States  that  require  registration  of  "professional  en- 
gineers" in  general  the  original  and  renewal  license  fees 
range  from  $1  to  $25. 

The  following  States,  in  which  there  are  important 
centers  of  automotive  engineering,  have  such  laws  apply- 
ing to  "engineers"  and  "professional  engineers" :  In- 
diana, Iowa,  Michigan,  Minnesota,  New  Jersey,  New 
York,  Pennsylvania  and  Wisconsin.  In  addition,  there  are 
similar  laws  in  Colorado,  North  Carolina,  Oregon,  Ten- 
nessee, Virginia,  and  some  other  States.  The  penalties 
under  the  various  laws  have  been  in  effect  for  some 
time,  except  in  the  case  of  those  of  New  York  and  New 
Jersey,  which  go  into  effect  next  month  (May  5)  and 
this  month  (April  8)  respectively.  No  information  is 
at  hand  regarding  prosecution,  litigation  or  judicial  de- 
cision under  the  laws,  except  an  indefinite  report  as  to 
a  suit  by  an  engineer  to  require  a  State  Board  to  license 
him.  The  stipulated  penalties  for  unlicensed  practice 
range  from  those  for  misdemeanor  to  a  $500  fine,  or  im- 
prisonment, or  both. 

In  general,  the  professional  qualifications  for  licens- 
ing are  from  4  to  6-yr.  experience,  with  allowance  of 
from  2  to  4  yr.  for  education  of  an  accepted  grade.  Em- 
ployes of  registered  engineers  are  exempt  in  Colorado, 
Iowa,  New  York,  Oregon,  Pennsylvania  and  Wisconsin. 
It  is  stated  that  in  Michigan  the  law  applies  to  "con- 
sultants" ;  employes  of  railroads  and  other  "interstate" 
corporations  are  exempt.  In  some  of  the  States  "pro- 
fessional engineering"  is  defined  as  the  practice  of  any 
branch  of  the  profession  other  than  military  engineer- 
ing.    The  New  York  law  reads: 

A  person  practices  professional  engineering  *  *  * 
who  holds  himself  out  as  able  to  do  the  work  that  an 
engineer  does  in  the  planning,  designing,  constructing, 
inspecting  and  supervising  of  engineering  work,  or 
appliances  involved  in  public  or  private  projects,  or  in 
making  investigations  for  proposed  engineering 
projects. 

One  of  the  problems  of  the  administration  of  the 
laws  is  the  matter  of  honoring  in  one  State  a  certificate 
of  license  issued  to  an  engineer  in  another  State,  Ir- 
reciprocal arrangement.  In  the  form  of  agreement  of 
the  Council  of  State  Boards  of  Engineering  Examiners 
it  is  stipulated  that  professional  experience  shall  be  con- 
sidered as  beginning  when  the  candidate  has  entered 
upon  a  position  in  professional  engineering  work  that 
requires  individual  thought  and  responsibility;  also,  that 
the  applicant  shall  have  had  10  yr.  of  experience  in  pro- 
fessional engineering  and  show  that  he  is  qualified  to 
design  as  well  as  to  direct  engineering  operations,  as 
evidence  of  qualification  for  reciprocal  registration,  and 
his  experience  record  shall  show  progressive  advance- 
ment in  the  character  of  the  work  performed;  in  addi- 
tion, that  graduation  from  an  engineering  school  of  recog- 
nized standing  shall  be  accepted  as  the  equivalent  of 
4  yr.  of  such  practice. 
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THAT  the  air-cooled  engine  in  the  smaller  sizes  has 
definitely  arrived  and  has  displaced  the  water- 
cooled  type  in  all  sizes  under  300  hp.  in  the  Naval 
service  is  the  principal  conclusion  drawn  by  the  author 
who  also  makes  the  predictions  that  the  air-cooled  en- 
gine will  gradually  widen  its  field  of  usefulness  and 
displace  the  water-cooled  engine  entirely  and  that  the 
chief  hope  for  bettering  aircraft  engines  lies  in  perfect- 
ing the  kind  of  apparatus  that  engineers  have  been 
accustomed  to  rather  than  making  any  radical  depar- 
tures. These  conclusions  are  reached  after  an  exhaus- 
tive discussion  of  the  trend  of  the  successive  improve- 
ments in  engines  that  have  increased  the  safety,  the 
durability,  the  dependability  and  the  economy  of  air- 
craft. The  standard  of  excellence  has  been  raised 
from  the  original  50-hr.  test,  which  consisted  of  a 
series  of  5-hr.  runs,  to  the  present  requirement  of  300 
hr.  of  continuous  running  with  wide-open  throttle  at 
sea-level  that  represents  approximately  600  hr.  of  nor- 
mal flying-service  and  at  a  speed  of  75  m.p.h.  would  be 
the  equivalent  of  45,000  miles  of  cruising. 

The  progress  made  by  the  Navy  Department  in  re- 
ducing the  maintenance  cost,  decreasing  the  weight  per 
brake  horsepower  and  per  cubic  inch  of  piston-displace- 
ment and  lowering  the  fuel  consumption  per  brake 
horsepower  by  successively  redesigning  the  parts  that 
had  failed  is  outlined,  the  advances  being  illustrated  by 
a  series  of  drawings.  The  possibility  of  reducing  the 
weight  of  an  engine  without  sacrificing  either  strength 
or  durability,  as  demonstrated  in  recent  designs  is  em- 
phasized, the  text  being  supplemented  by  a  series  of 
drawings  showing  the  outlines  of  the  engines  as  com- 
pared with  the  standard  Liberty  engine  and  the  piston- 
displacement,  the  normal  power  output,  the  weight  per 
brake  horsepower  and  the  piston-displacement  per 
brake  horsepower.  The  Liberty  engines  have  also  been 
undergoing  a  process  of  remodeling  that  has  for  its 
object  improving  their  durability  and  dependability 
and  the  weight  factor.  The  predicted  performance  of 
the  modified  types  indicates  that  a  marked  improve- 
ment in  all  these  respects  can  be  expected. 

DEVELOPMENT  in  aircraft  construction  and 
operation  is  limited  by  two  considerations, 
(a)  the  amount  of  funds  appropriated  to  the 
Services  by  the  Federal  Government,  and  (b)  the  ef- 
fectiveness with  which  the  funds  appropriated  are  ex- 
pended. I  shall  attempt  to  outline  the  development  work 
that  has  been  done  in  the  particular  field  of  pbwerplant 
development  with  the  funds  that  have  been  appropriated 
specifically  to  the  Navy.  The  scope  of  the  work  has  been 
so  broad  and  the  details  so  manifold  and  varied  that  time 
does  not  permit  more  than  a  broad  outline  of  the  more 
important  work  that  has  been  completed  or  is  in  hand. 
I  shall  confine  myself  to  the  engine  itself,  and  dismiss 
the  subject  of  accessories,  fuel  systems,  cooling  systems 
and  the  like,  important  as  they  are,  with  the  bare  state- 


1  In  charge  of  aeronautic  engine  development,  Navy  Department, 
City  of  Washington. 


ment  that  development  in  these  particulars  has  kept 
pace  with  the  engines. 

In  classing  this  development  work  as  work  done  "in 
the  Navy"  or  "by  the  Navy,"  I  refer  to  work  done  under 
Navy  supervision  and  control,  and  paid  for  principally 
from  Naval  appropriations.  A  very  great  portion  in- 
deed of  the  details  of  development  has  actually  been  ex- 
ecuted in  private  engineering  organizations  with  funds 
that  the  Navy  has  allocated  from  its  appropriations  for 
the  particular  purpose  in  view.  The  Navy's  policy  has 
been  at  all  times  to  handle  development  projects  wherever 
practicable  through  the  medium  of  contracts  with  private 
engineering  organizations,  under  conditions  that  assure 
a  reasonable  profit  to  the  contractor,  to  the  end  that 
these  private  engineering  organizations  may  be  kept 
alive  and  in  a  healthy  condition  as  the  nucleus  for  the 
strong  well  organized  commercial  aircraft  industry  that 
is  so  vital  to  the  National  defense.  Without  the  splendid 
ingenuity,  genius,  and  resource  that  have  been  displayed 
by  the  various  organizations  that  have  been  employed 
in  this  work,  the  results  that  have  been  obtained  could 
not  have  been  possible. 

It  is  impracticable  to  name  the  various  organizations 
that  have  been  employed  in  this  work,  for  obvious  rea- 
sons. Suffice  it  to  say  that  the  Navy  has  called  freely 
and  fully  for  advice  and  counsel  upon  the  magnificently 
organized  engineering  societies  of  the  country  and  upon 
the  various  Government  bureaus  and  agencies  engaged 
in  pertinent  lines  of  work,  and  has  at  all  times  availed 
itself  of  the  invaluable  experience  and  resources  of  vari- 
ous private  engineering  and  manufacturing  organizations 
engaged  in  all  manner  of  engineering  work.  It  has 
everywhere  met  with  most  cordial  cooperation  and  hearty 
assistance,  for  which  acknowledgment  is  gratefully  made. 

Fundamentally,  success  in  aircraft  operation,  whether 
it  be  commercial  or  military,  is  largely,  one  might  say 
almost  entirely,  dependent  upon  two  vital  factors ;  (a)  de- 
pendability and  safety,  and  (b)  low  operating  cost  per 
ton-mile  of  pay-load  carried.  Safety  and  dependability 
can  be  had,  of  course,  without  low  operating  cost,  but 
certainly  low  operating  cost  cannot  be  had  without  safety 
and  dependability.  Probably  the  greatest  contributing 
factor  to  the  present  high  cost  of  aircraft  operations  is 
the  enormous  overhead  expense  incurred  by  the  necessity 
for  frequent  and  costly  repairs  and  replacements,  and 
by  the  necessity  for  constant  and  most  meticulous  atten- 
tion to  details.  The  question  of  operating  cost  is  per- 
haps of  slightly  less  moment  in  military  than  in  commer- 
cial operations,  but  just  as  high  operating  costs  are  today 
standing  in  the  way  of  the  establishment  of  the  thriving 
commercial  aircraft  industry  that  is  so  vital  to  our  na- 
tional defense,  so  are  high  operating  costs  most  seri- 
ously retarding  the  full  realization  to  our  Army  and  Navy 
of  the  tremendous  inherent  possibilities  in  aircraft  as 
a  weapon  for  offense  and  defense. 
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That  our  National  defense  sorely  needs  a  strong  self- 
supporting  commercial  aircraft  industry,  goes  without 
saying.  The  question  is,  how  to  create  such  an  industry. 
And  the  obvious  answer  is,  let  it  once  be  fully  demon- 
strated that  aircraft  are  safe,  that  they  are  thoroughly 
dependable,  and  that  the  cost  per  mile  per  ton  of  pay-load 
carried  is  comparable  to  that  of  other  commercial  car- 
riers ;  let  these  things  be  clearly  demonstrated  and  there 
will  be  no  need  of  worrying  about  the  creation  of  a  com- 
mercial aircraft  industry;  it  will  create  itself. 

These  factors  are  properly  the  first  concern  of  the 
naval  and  military  aircraft  services  of  our  Country,  and 
it  is  largely  in  this  light  that  we  should  view  the  devel- 
opment work  that  has  been  done  and  is  still  to  be  done. 
Dependability  and  reasonable  durability  must  come  first 
and  always.  With  thorough  dependability  comes  safety, 
and  a  material  reduction  in  maintenance  costs.  Next  in 
importance  to  dependability  and  durability  comes  the 
reduction  in  aircraft  weights,  because  every  pound  that 
can  be  saved  in  the  structure  of  the  aircraft  results  in 
a  corresponding  increase  in  the  pay-load  or  in  the  speed 
and  a  decrease  in  the  carrying  cost. 

Former  and  Present  Tests 

Generally  speaking,  an  aircraft  is  only  so  good  as  the 
powerplant  that  sustains  and  propels  it.  Any  advance 
in  the  performance  of  the  aircraft  as  a  whole  can  pro- 
ceed but  little  faster  than  the  advance  in  the  performance 
of  the  powerplant.  The  two  are  inseparable.  Excel- 
lence in  performance  is  purely  a  comparative  factor,  and 
can  be  visualized  only  by  a  reference  to  some  fairly 
definitely  fixed  standard  of  measurement.  The  standard 
against  which  we  have  in  the  past  measured  the  ex- 
cellence of  aircraft  engines  has  been  the  so-called  stan- 
dard 50-hr.  test  which,  stated  briefly,  requires  little 
more  than  that  an  engine  shall  complete  10  runs  each  of 
5-hr.  duration  at  between  90  and  100  per  cent  of  its 
rated  output  without  failure  in  any  "major"  part,  and 
without  "persistent"  failure  in  minor  parts. 

Practically  all  types  of  engines  in  common  use  today 
have  satisfactorily  met  the  requirements  of  our  50-hr. 
test  standard,  and  yet  it  is  a  fact  that  failures  of  engines 
and  engine  accessories  have  been  responsible  for  more 
uncompleted  flights,  forced  landings  and  accidents  than 
all  other  causes  combined.  The  requirements  of  the 
accepted  test  specifications  have  been  met,  but  apparently 
the  requirements  of  actual  flight  service  have  not  been 
met.  It  follows,  then,  that  the  50-hr.  test  as  a  standard 
of  acceptance  must  be  inadequate.  Safety,  dependability 
and  economy  all  demand  something  far  better. 

Something  over  a  year  ago,  the  Bureau  of  Aeronautics 
of  the  Navy  Department,  set  up  tentatively  as  a  mark 
to  shoot  at,  a  new  standard  of  service  acceptability,  a 
test  that  aimed  at  demonstrating  the  entire  capability  of 
engines  to  give  continuing  dependable  service  without 
the  necessity  for  overhaul  or  other  than  minor  repairs 
or  adjustments  for  at  least  as  long  a  period  as  one  might 
reasonably  expect  the  structure  of  an  airplane  to  stand 
up  without  a  thorough  going  over  in  normal  flight  ser- 
vice. The  test  as  originally  outlined  required  three 
100-hr.  periods  of  continuous  running.  Each  100-hr. 
period  comprised  86  hr.  at  an  output  corresponding  to 
normal  cruising  power  at  2500-ft.  altitude  and  14  hr. 
at  wide-open  throttle  at  sea  level,  to  simulate  the  con- 
ditions that  obtain  in  the  take-off  and  the  initial  climb. 
This  was  a  long  step  ahead  of  the  old  standard  50-hr. 
test  requirement,  and  it  must  be  confessed  that  when 
we  first  set  up  the  new  standard  we  were  actuated  very 
much  more  by  a  determined  hope  than  by  confident  ex- 


pectancy. A  year's  intensive  work  on  a  number  of  types 
of  engine  has  fully  convinced  us,  however,  that  this  meas- 
ure of  excellence  is  capable  of  being  fully  realized  in  all 
classes  of  engine,  without  in  any  way  increasing  the 
weight,  and  we  have  recently  raised  the  standard  to  300 
hr.  of  continuous  wide-open  throttle  running  at  sea  level. 
It  should  be  fully  realized  that  wide-open  throttle  run- 
ning at  sea  level  taxes  an  engine  far  more  than  does  the 
kind  of  running  that  it  gets  in  the  hands  of  an  experi- 
enced pilot  in  normal  flight  service.  Actual  comparisons 
made  between  the  conditions  noted  in  identical  engines 
after  full-throttle  sea-level  running  and  after  normal 
flight  operation  indicate  clearly  that  the  life  of  an  engine 
in  normal  flying  service  is  at  least  double  the  life  of 
the  same  engine  under  full-throttle  sea-level  running. 
On  this  basis,  which  our  experience  indicates  to  be  en- 
tirely safe,  a  300-hr.  wide-open  throttle  test  at  sea  level 
is  the  equivalent  of  at  least  600  hr.  of  operation  in  normal 
flying  service.  At  an  average  cruising  speed  of  75 
m.p.h.,  this  represents  some  45,000  miles  of  cruising. 
Few  airplanes  have  yet  been  built  whose  structures  will 
stand  up  for  this  amount  of  cruising  without  very  com- 
plete and  extensive  overhaul,  if  at  all.  I  mention  these 
things  to  indicate  that  the  goal  we  are  aiming  at  is  far 
above  the  present  general  measure  of  acceptability. 

Progress  Made  in  Development 

As  an  example  of  the  type  of  work  that  has  been  done, 
I  shall  cite  several  specific  instances.  An  engine  of  the 
model  that  is  being  installed  in  our  first  rigid  airship, 
the  Packard  1A-1551  shown  in  Fig.  1,  has  already  com- 
pleted 300  hr.  of  practically  continuous  running,  develop- 
ing the  maximum  output  that  it  will  be  called  upon  to 
develop  in  flight  service.  No  repairs  or  refitting  of  the 
parts  were  made  throughout  the  entire  test  and  at  the 
end  of  the  test  a  careful  inspection  proved  the  engine 
to  be  still  in  excellent  running  condition  and  in  need 
of  no  repairs  or  adjustments.  As  an  indication  of  the 
excellent  valve  conditions  that  obtained,  the  average 
fuel-consumption  of  this  engine  for  the  whole  300  hr. 
of  running  was  slightly  less  than  0.44  lb.  per  b.  hp-hr. 
In  fairness  to  other  models  of  aircraft  engines,  it  should 
be  pointed  out  that  this  engine  was  especially  designed 
for  airship  service  and  is  very  much  heavier  than  the 
engines  used  in  other  classes  of  service. 

In  the  lighter  types  of  engine  that  are  more  particu- 
larly adaptable  to  heavier-than-air  service,  we  have  com- 
pleted a  300-hr.  test  in  three  100-hr.  periods'  with  the 
Aeromarine  U-8-D,  an  eight-cylinder  V-type  water- 
cooled  engine.  During  this  test  the  engine  was  run  at 
part  throttle  at  1800  r.p.m.  developing  an  output  equal 
to  its  normal  cruising  power  at  a  2500-ft.  altitude  for  a 
total  of  258  hr.  and  at  wide-open  throttle  at  sea  level 
for  42  hr.  At  the  end  of  the  292nd  hr.  of  the  test,  a 
break  occurred  in  the  crankshaft,  which  required  the 
installation  of  a  new  shaft  to  complete  the  run.  This 
break  was  serious,  of  course,  but  was  of  such  a  nature 
that  the  cause  was  very  evident  and  the  remedy  com- 
paratively simple.  Aside  from  this  failure,  and  a  slight 
retouching  of  part  of  the  intake-valves  at  the  end  of 
the  first  100  hr.,  no  adjustments  or  repairs  were  made 
to  the  engine  throughout  the  test.  At  the  end  of  the 
test  the  power  output  of  the  engine  was  slightly  greater 
than  at  the  beginning,  the  valves  and  their  seats,  the 
bearings,  the  gears  and  in  fact  all  parts  were  in  excellent 
condition  and  in  need  of  no  repairs  or  refitting.  This 
was  an  extremely  gratifying  performance  from  the 
standpoint  of  durability  and  a  distinct  encouragement, 
but  the  engine  as  tested  compared  unfavorably  in  weight 
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per  horsepower  and  in  installation  dimensions  with  an- 
other engine  of  approximately  the  same  power  that  had 
been  in  wide  service  use."  We  accordingly  set  about 
having  changes  made  in  the  design  not  only  to  decrease 
its  weight  materially,  but  at  the  same  time  to  increase 
its  output  materially,  keeping  still  the  same  excellent 
durability  characteristics.  The  redesign,  which  is  desig- 
nated as  the  U-873,  was  completed  and  subjected  to  pre- 
liminary tests  at  the  increased  output.  Certain  difficul- 
ties were  encountered  that  entailed  a  slight  further  re- 
design in  certain  parts  to  maintain  the  all-around  dura- 
bility characteristics  desired.  The  engine  is  now  finally 
completed,  has  satisfactorily  undergone  its  preliminary 
trials  and  is  about  to  be  subjected  to  its  final  endurance 
test,   comprising  300   hr.   of  continuous   full-power   run- 


Fig.    1 — Engine   Developed   by   the   Packard   Motor   Car   Co.   for 
Installation   in  the   Navy's   First   Rigid   Airship 

ning.  All  indications  are  that  this  test  will  be  satisfac- 
torily completed.  The  original  model  of  this  engine,  the 
U-8-D,  weighed  575  lb.  and  developed  225  b.  hp.  at  1800 
r.p.m.  The  modified  engine  now  under  test,  the  U-873, 
weighs  520  lb.  and  develops  260  b.  hp.  at  1800  r.p.m. 

Another,  and  materially  lighter  model,  the  Wright 
Model  E-2,  having  approximately  the  same  general  char- 
acteristics as  the  U-8-D  was  submitted  to  the  same  test. 
This  model,  which  is  a  development  of  the  small  Hispano- 
Suiza,  has  been  used  extensively  in  our  service  for  ad- 
vanced training  airplanes  with  very  good  results  by  com- 
parison with  other  engines  previously  in  general  use. 
Our  records  show  that  its  flying  life  between  overhauls 
averages  101  hr.,  as  against  72  hr.  for  the  Liberty  engine, 
It  had  repeatedly  been  subjected  to  standard  50-hr.  tests 
and  was  thought  to  be  an  exceptionally  durable  type,  but 
when  we  commenced  long-duration  testing  unexpected 
shortcomings  were  uncovered,  principally  in  the  connect- 
ing-rod bearings,  the  valves  and  the  valve-seats,  all  of 
which  went  bad  before  the  first  100  hr.  had  been  com- 
pleted. The  subsequent  development  work  on  this  engine 
is  particularly  interesting  because  the  results  obtained 
have  so  completely  justified  our  adoption  of  the  300-hr. 
test  standard  in  place  of  the  old  50-hr.  standard. 

Figs.  2  and  3  show  the  progress  that  has  been  made. 
Referring  to  Fig.  2  the  graph  marked  1,  is  a  graph  of 
the  first  attempt  at  a  300-hr.  run.  Note  that  in  the 
14-hr.  full-throttle  running  at  the  end  of  the  period  the 

:  Foi   a  specific  example  of  the  importance  of  low  weights,  see  the 
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Fig.  2 — Chart  Showing  the  Results  op  Progressive  Development 
on  One  Type  of  Engine  during  1  Yr. 

power  output  was  considerably  below  the  normal  rated 
power  of  this  model,  180  b.  hp.  at  1800  r.p.m.  This  con- 
dition was  brought  about  by  the  poor  valve  conditions. 
After  this  run  new  connecting-rod  bearings  and  valves 
of  the  original  design  were  fitted,  the  valve-seats  were 
reamed  out  and  the  valves  readjusted,  and  a  second  at- 
tempt was  made  as  a  check  on  the  first,  with  the  result 
shown  in  the  graph  numbered  2.  After  some  investiga- 
tion and  experimentation,  new  valves  and  bearings  were 
developed  and  were  fitted  in  a  new  engine  of  the  same 
model.  This  engine  was  then  set  up  and  subjected  to 
a  practically  non-stop  run  of  125  hr.  at  wide-open  throttle 
as  shown  in  the  graph  marked  3.  An  examination  at 
the  end  of  this  test  showed  no  evidence  of  bearing  fail- 
ure and  that  the  valve  burning  had  been  corrected  com- 
pletely, but  that  the  valve-seats  were  seriously  eroded. 
The  valves  were  reseated  and  adjusted  and  new  pistons 
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Fig.    4 — Comparison   of  the   Standard  Liberty   and  the  Wright 
Model  T-2   Engines 

of  a  modified  design  installed.  No  other  parts  were  re- 
paired, replaced  or  refitted.  This  same  engine  was  then 
submitted  to  a  second  continuous  run  of  125  hr.  at  wide- 
open  throttle  as  shown  in  the  graph  numbered  4.  At 
the  end  of  this  run  the  modified  pistons  were  in  excellent 
condition.  The  valve-seats  were  again  found  to  be  badly 
eroded,  but  the  valves  were  still  in  excellent  condition. 
A  careful  inspection  disclosed  no  evidence  of  de- 
terioration or  serious  wear  in  other  parts.  Further 
testing  of  this  engine  was  discontinued  and  it  was  laid 
aside  until  means  could  be  found  to  overcome  the  valve- 
seat  difficulties.  An  entirely,  new  design  of  cylinder- 
block  was  laid  out  and  one  block  built  for  test.  At  the 
same  time  changes  were  made  in  the  cam  contour  to  bet- 
ter the  volumetric  efficiency  and  increase  the  output.  A 
single  block  of  this  new  design  has  recently  been  sub- 
jected to  five  consecutive  50-hr.  non-stop  runs  at  full 
throttle.  The  graphs  numbered  from  5  to  9  inclusive 
indicate  the  results  of  these  runs.  In  preparing  these 
latter  graphs  the  output  of  the  single  block  has  been 
doubled  to  represent  the  output  that  is  to  be  expected 
from  the  complete  engine.  During  this  250  hr.  of  wide- 
open  running,  there  has  been  no  evidence  of  any  valve 
trouble,  the  valves  have  not  been  ground  nor  any  ad- 
justment made  and  both  the  valves  and  the  seats  appear 
to  be  in  practically  as  good  condition  as  when  originally 
installed.  Two  of  these  new  cylinder-blocks  with  the 
modified  cams  have  been  substituted  for  the  old-style 
blocks  on  the  same  engine  that  completed  the  previous 
250-hr.  test  and  this  engine  is  now  being  set-up  for 
further  endurance  running  at  wide-open  throttle.  Aside 
from  the  new  cylinder-blocks  and  the  cams,  this  engine 
is  in  exactly  the  same  condition  as  at  the  end  of  the 
previous  250-hr.  test;  no  adjustments,  repairs  or  replace- 
ments in  other  parts  have  been  made.    All  of  the  changes 


mentioned  above  are  being  incorporated  in  new  engines 
under  construction,  which  are  known  as  Model  E-4.  In 
Fig.  3  is  shown  a  power  curve  of  the  original  E-2  and 
of  the  modified  engine  as  determined  by  actual  test  of 
assembled  engines.  While  a  full  300-hr.  test  at  con- 
tinuous wide-open  throttle  has  not  yet  been  completed 
with  this  engine,  the  running  that  has  been  done  justi- 
fies the  prediction  that  this  engine  as  modified  is  easily 
capable  of  withstanding  such  a  test. 

Work  of  a  similar  nature  to  that  outlined  above  has 
been  in  progress  in  all  classes  of  engine  for  all  types  of 
service  with  very  similar  results.     Invariably,  the  efforts 
that  have  been  made  have  resulted  in  a  marked  increase 
in    the    durability,    and    practically    without    exception 
changes  in  the  design  have  at  the  same  time  resulted 
either  in  a  decrease  in  the  weight,  an  increase  in  the  out- 
put, or  both.     Much  remains  to  be  done,  of  course,  but 
the  lessons  learned  from  the  development  work  in  one 
type  are  usually  more  or  less  applicable  to  all  types,  and 
from  the  tests  that  have  been  completed  thus  far  and 
from  those  that  are  now  in  course  of  completion,  we 
have  become  fully  convinced  that  it  is  a  question  of  only 
a  short  time  until  we  shall  have  a  complete  line  of  en- 
gines for  all  types  of  service  operations  ranging  from 
60  to  700  hp.,  some  air-cooled,  others  water-cooled,  which 
will  be  capable  of  withstanding  at  least  300  hr.  of  con- 
tinuous full-throttle  running  without  failure  in  any  part. 
The  costs  involved  in  overhauling  aircraft  engines  are 
not  generally  appreciated.     The  records  of  our  service 
show  that  the   standard   Liberty   engine,   a    50-hr.   test 
product,  requires  a  complete  overhaul  after  every  72  hr. 
of  flying  operation.     Averages  show  that  it  requires  ap- 
proximately 300  man-hr.  of  direct  labor  at  each  over- 
haul to  remove  a  Liberty  engine  from  an  airplane,  dis- 
assemble,  clean,   repair  and   refit,   reassemble,  test  and 
reinstall  it  in  the  airplane.    This  does  not  include  super- 
vision or  transportation  to  and  from  the  shop.    In  other 
words,  for  every  hour  that  the  engine  flies,  4.2  man-hr. 
of  direct  labor  must  be  paid  for  within  the  walls  of  the 
overhaul  shop.     Skilled  labor  is  required  for  this  work. 
I  believe  that  $1.50  per  man-hr.  is  a  very  conservative 
figure  for  the  cost  of  such  labor  plus  overhead,  which 
gives  a  cost  in  overhaul  labor  alone  of  $6.30  per  flying-hr. 
of  the  engine.     At  a  cruising  speed  of  75  m.p.h.,  this 
represents  an  overhaul  labor  cost  of  8.4  cents  per  mile 
for   a   single-Liberty-engine   airplane.      It   does   not   in- 
clude the  cost  of  any  replacement  parts  required  in  con- 
nection  with   the   overhaul.     These   oftentimes   reach   a 
value  up  to  25  per  cent  of  the  total  cost  of  a  new  engine. 
It   does  not  include  the  cost  of  the  operating  and  the 
field  maintenance  crews  and  equipment.     The  overhaul 
cost  of  operating  an  engine  is  inversely  proportional  to 


Fig.  5 — Transverse  and  Lateral  Sections  of  the  Wright  T-2  Aircraft  Engine 
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6 — Comparison    of   the   Standard   Liberty   and   the   Curtiss 
D-12   Engines 


the  durability  of  the  engine.  As  I  have  previously  in- 
dicated, the  300-hr.  wide-open  throttle  test  that  we  are 
now  coming  to  adopt  as  standard  is  probably  the  equiva- 
lent of  not  less  than  600  hr.  of  normal  flying  operation. 
It  requires  only  a  little  elementary  arithmetic  for  one 
to  appreciate  the  importance  of  this  work. 

The  work  that  has  been  done  has  most  forcibly  demon- 
strated two  extremely  important  things,  (o)  that  we  may 
confidently  predict  for  the  immediate  future  a  degree 
of  dependability  and  durability  in  aircraft  engines  that 
will  at  least  equal  that  of  the  aircraft  structure  itself, 
which  means  that  the  frequent  removal  of  engines  from 
aircraft  for  overhaul  is  not  necessary  and  that  the  quan- 
tity of  spare  engines  and  replacement  parts  can  be  enor- 
mously reduced,  and  (b)  that  to  realize  this  degree  of 
dependability  it  is  not  necessary  that  the  weight  per 
horsepower  developed  be  at  all  increased  over  the  weights 
that  are  present  in  the  ordinary  engines  of  today. 

Reduction  in  Weight 

Contrary  to  a  rather  widely  accepted  belief,  the  fea- 
tures that  result  in  the  greater  decreases  in  the  weight 
are  at  the  same  time  features  that  inherently  tend  to 
increase  rather  than  decrease  the  factors  of  safety  in 
vital  engine  parts.  To  use  a  familiar  example,  a  12- 
cylinder  V-type  engine  can  inherently  be  made  more 
durable  than  a  12-cylinder  in-line  engine  of  the  same 
weight  and  power  for  the  reason  that  the  backbone  of 
the  engine,  the  crankcase  and  the  crankshaft,  are,  due 
to  their  shorter  lengths,  enormously  stiffer.  Long  crank- 
shafts and  crankcases  are  inherently  heavy,  flexible  and 
weak;  short  crankshafts  and  cases  are  inherently  light, 
stiff  and  rugged.  A  multiplicity  of  parts  is,  within 
reasonable  limits,  an  enemy  to  ruggedness  and  depend- 
ability, and  in  a  large  measure  at  least  is  incompatible 
with  light  weight.  Within  limits,  it  requires  less  weight 
of  metal  to  enclose  a  given  cylinder  volume  in  a  few 
cylinders  of  large  bore  than  in  a  large  number  of  cylinders 
of  small  bore,  After  all,  and  again  within  limits,  it  is  the 
total  piston  displacement  that  largely  determines  the 
limiting  possible  output  of  an  engine,  not  the  number  of 
cylinders.  The  more  recent  engine  designs  that  have  been 
developed  for  our  service  have  all  been  drawn  up  with 
these  principles  in  view.  Figs.  4  to  9  illustrate  the  results 
of  this  trend  in  design.  Fig.  4  is  a  comparison  of  an 
engine  that  has  been  recently  developed,  the  Wright 
Model  T-2  that  has  1950-cu.  in.  piston  displacement,  a 
normal  output  of  550  b.  hp.  and  weighs  1150  lb.,  with  the 
standard  Liberty  engine.  No  weight  has  been  spared  in 
the  design  of  the  stressed  parts.    As  a  matter  of  fact,  its 


weight  per  cubic  inch  of  piston  displacement  is  consid- 
erably greater  than  in  the  Liberty  engine  for  this  reason. 
But  it  has  on  test  fully  demonstrated  its  ability  to  stand 
up  to  a  550-hp.  output  immeasurably  better  than  the 
standard  Liberty  stands  up  to  a  400-hp.  output,  and  the 
weight  per  effective  horsepower  output  has  consequently 
not  been  increased.  Transverse  and  lateral  sectional 
views  of  this  engine,  which  has  been  completely  described 
in  the  technical  press/  are  presented  in  Fig.  5. 

Fig.  6  is  an  outline  of  a  smaller  12-cylinder  engine,  the 
Curtiss  Model  D-12,  that  is  especially  adaptable  to  pursuit 
work,  which  has  been  perfected,  during  the  past  year,  and 
which  is  now  being  used  rather  widely  in  newer  types  of 
aircraft.  This  engine,  the  propeller  end  of  which  is 
illustrated  in  Fig.  7,  has  a  total  piston  displacement  of 
1145  cu.  in.,  weighs  670  lb.,  and  develops  375  b.  hp.  at 
1800  r.p.m.  An  engine  of  this  type  has  recently  completed 
a  100-hr.  endurance  test  without  failures  or  serious  de- 
terioration in  any  parts,  and  is  now  being  subjected  to 
further  testing  at  full  throttle.  Previous  to  the  100-hr. 
test,  this  same  engine,  an  illustrated  description  of  which 
has  been  published  in  at  least  one  trade  journal,4  had  com- 
pleted something  over  100  hr.  of  preliminary  test  running 
during  which  certain  minor  changes  in  the  design  were 
incorporated.  So  far  as  the  highly  stressed  parts  are 
concerned,  however,  no  evidence  of  weaknesses  have  been 
uncovered  in  more  than  200  hr.  of  test  running  at  or 
above  three-quarters  power. 

Fig.  8  is  an  outline  of  another  experimental  type  now 
under  construction.  This  engine  is  barely  out  of  the 
design  state  at  present  and  for  this  reason  I  should 
hesitate  to  mention  it  were  it  not  that  it  illustrates  so 
well  the  possibilities  in  the  reduction  of  weight  per  unit 
of  power  through  economy  in  the  crankcase  and  the  crank- 
shaft lengths,  rather  than  by  a  reduction  of  the  sections 
in  the  stressed  parts.     By  an  ingenious  and  somewhat 


3  See  Automotive  Industries.  July  13,  1922.  p.  57. 
•See  Aviation,  Oct.   tfi.    1022,  p.  496. 


Pig.   7 — The  Propeller  End   of  the  Curtiss   D-12   Engine  That 
Has  Been  Developed  for  Pursuit  Work 
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unusual  cylinder  arrangement  and  construction,  it  has 
been  possible  to  obtain  a  total  piston-displacement  of  2450 
cu.  in.  in  the  extremely  small  over-all  dimensions  shown. 
The  weight  will  be  1150  lb.  It  has  been  designed  for  an 
assumed  output  of  775  hp.  at  1800  r.p.m.  but  for  purposes 
of  preliminary  trials  will  be  rated  at  625  hp.  at  1650 
r.p.m.  Its  weight  per  rated  horsepower  will  be  1.80  lb. 
and  on  the  designed  775-hp.  basis  its  weight  will  be  1.55 
lb.  per  hp.  This  engine  is  not  yet  completed  and  hence  no 
test  data  can  be  given,  but  by  virtue  of  the  extreme  com- 
pactness of  the  design  and  by  a  careful  study  of  the  stress 
distribution  it  has  been  possible  to  provide  unusually  high 
factors  of  safety  in  all  the  highly  stressed  parts  and  still 
keep  the  over-all  weights  extremely  low.  By  virtue  of 
these  high  factors  of  safety,  the  dependability  and  the 
durability  should  be  very  excellent  indeed.  Other  new 
experimental  models  that  promise  comparable  weights  per 
horsepower  with  excellent  durability  characteristics  are 
now  under  construction  and  are  expected  to  be  ready  for 
running  tests  in  the  near  future. 

The  practicability  of  using  much  larger  cylinder-bores 
than  are  commonly  used  in  aircraft  engines  has  been 
under  the  most  careful  investigation.  A  six-cylinder 
vertical  in-line  engine  that  has  cylinders  of  7-in.  bore  and 
8-in.  stroke  has  been  built  and  recently  tested.  A  com- 
plete description  of  this  engine,  the  Wright  Model  D-l, 


Fig.   S — Comparison  of  the  Standard  Liberty  Engine  and  a 
Recently   Constri  >ted  Experimental  Type 

has  already  been  published,"  and  a  plan  view  and  sectional 
elevations  of  it  are  reproduced  in  Figs.  9  and  10.  This 
engine  was  especially  designed  for  dirigible  service  which 
requires  certain  attributes  that  are  not  conducive  to  ex- 
tremely light  weights,  and  the  weight  considerations  were 
subordinated  somewhat  to  these.  In  the  preliminary 
tests  of  this  engine,  much  valuable  information  relative 
to  the  performance  of  the  larger-bore  cylinders  has  been 
gained.  Special  high-performance  runs  of  a  test  cylinder 
have  been  conducted  at  a  compression-ratio  of  6.5  to  1, 
developing  a  brake  mean  effective  pressure  of  well  above 
140  lb.  per  sq.  in.  at  1400  r.p.m.  No  trouble  has  been  ex- 
perienced in  cooling  the  pistons  or  the  cylinders  either  in 
the  test  cylinder  or  in  the  complete  engine.  The  tests 
thus  far  conducted  with  the  complete  engine  have  dem- 
onstrated the  entire  suitability  of  the  design  for  dirigible 
service.  Further  tests  are  being  made  and  projected  to 
study  the  possibilities  in  the  use  of  cylinders  of  this  or 
even  larger  sizes  in  the  construction  of  larger  power  units 
for  heavier-than-aircraft  service. 

In  this  connection,  with  the  use  of  large-bore  cylinders 
the  question  of  inertia,  forces  is  a  very  serious  problem. 
To  offset  this  difficulty,  the  use  of  duralumin  connecting- 
rods  and  of  magnesium  pistons  has  been  under  serious 
consideration.  Rods  and  pistons  of  these  materials  are 
being  procured  for  exhaustive  block  and  service  tests  in 
Liberty  engines  with  a  view  to  adopting  similar  practice 
in  all  types  of  engine. 


Sei     Vutomotivt   Industries,  April  20.  1922,  p.  852. 
.  i  i    The  Journal.  January,  1!<2".  t>.  11. 


In  all  the  more  recent  designs,  the  possibilities  of  in- 
creasing the  rotative  speeds  and  the  brake  mean  effective 
pressures  have  been  kept  constantly  in  mind  and  the 
newer  designs  have  been  laid  out  accordingly.  That  the 
factors  of  safety  provided  are  adequate  to  withstand  over- 
loading has  been  well  demonstrated  in  special  high-power 
running  of  the  more  recent  designs.  The  engine  shown 
in  Figs.  4  and  5  has  been  run  for  hours  continuously  at  a 
20-per  cent  overload  without  failure  in  any  part.  The 
engine  illustrated  in  Figs.  6  and  7  has  been  flown  repeat- 
edly in  racing  service  at  an  output  of  450  b.hp.  at  2300 
r.p.m.  without  any  evidence  of  failure. 

The  question  of  realizing  higher  specific  power  and 
lower  specific  fuel-consumption  through  the  use  of  high 
compression-ratios  has  been  investigated  thoroughly.  We 
are  indebted  to  the  Bureau  of  Standards  for  much 
valuable  research  in  this  line,  not  the  least  of  which  has 
been  a  study  in  collaboration  with  the  Bureau  of  Mines, 
of  the  sources  of  supply  for  various  anti-knock  fuels  in 
the  Country.  Much  of  the  work  that  has  been  done  in 
this  connection  by  the  Bureau  of  Standards  has  already 
been  presented  in  a  paper6  read  by  S.  W.  Sparrow  at  the 
recent  Annual  Meeting  of  the  Society  entitled  Testing 
Fuels  for  High-Compression  Engines.  As  the  result  of 
this  work,  coupled  with  a  considerable  amount  of  cor- 
roborative block  and  flight  testing  that  we  have  done  with 
various  service  types  of  engine,  we  have  become  thor- 
oughly convinced  of  the  entire  practicability  of  using  in 
general  service  considerably  higher  compression-ratios 
than  we  are  now  using.  The  chief  problem  to  be  solved  is, 
of  course,  the  procurement  of  a  fuel  that  will  not  only 
eliminate  detonation  without  interfering  with  proper 
engine  operation  in  cold  weather,  and  without  attacking 
the  materials  of  the  engine,  but  that  will  also  be  readily 
available  for  general  distribution  in  large  quantities  at  a 
reasonable  cost.  For  example,  benzol  has  a  tendency  to 
solidify  at  cold  temperatures.  Anhydrous  alcohol  appears 
to  fulfill  the  requirements  very  satisfactorily,  and  we  are 
now  after  an  extensive  preliminary  investigation,  pro- 
ceeding with  final-service  tests  by  conducting  all  flight 
operations  at  three  of  our  air  stations,  with  a  blend  con- 
taining 30  parts  of  alcohol  and  70  parts  of  gasoline. 

The  use  of  higher  engine  speeds  for  increasing  the  out- 
put without  any  increase  in  the  weight  is  very  attractive 
but  is  only  of  real  advantage  if  light  weight  and  thor- 
oughly dependable  reduction  gears  are  available.  This  is 
one  of  the  most  difficult  problems  that  we  have  had  to 
face.  It  is  a  relatively  simple  matter  to  make  durable 
gears,  but  far  from  simple  to  make  light  durable  gears 
that  will  stand  up  as  long  as  the  rest  of  the  powerplant. 
This  problem  appears  now,  after  more  than  4  years  of 
continuous  study  and  experiment,  to  have  been  solved 
pretty  well.  One  very  important  development  has  been 
the  interposing  between  the  crankshaft  and  the  gears  of 
spring  couplings  that  iron  out  the  torsional  vibrations 
and  relieve  the  gear  teeth  of  the  immense  fatigue  stresses 
imposed  with  the  ordinary  rigid  connections.  We  are 
now  proceeding,  with  confidence,  to  the  construction  of 
dependable  and  durable  gears  that  have  an  over-all  weight 
of  0.25  lb.  per  hp.  absorbed,  or  less. 

The  Liberty  engine,  owing  to  the  fact  that  so  many 
engines  of  this  type  are  already  on  hand,  deserves  more 
than  passing  attention.  It  has  been  apparent  for  some 
time  past  that  the  standard  Liberty  engine  has  rapidly 
been  falling  behind  the  procession.  It  has  neither  the 
durability,  the  dependability  nor  the  weight  factor  to 
compete  successfully  with  the  more  modern  types.  Its 
life  in  normal  service,  as  I  have  mentioned  before,  is  but 
72  hr.  between  overhauls  and  it  requires  constant  and 
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Fig.   9 — Plan  and  Transverse  Sections   op  the  400-Hp.   Dirigible  Engine  Developed  by   the 
Wright  Aeronautical  Corporation   for  the   Navy   Department 


most  meticulous  attention  at  all  times.  Forced  landings 
due  to  all  manner  of  minor  failures,  and  occasionally  due 
to  major  failures,  are  relatively  frequent  and  not  infre- 
quently result  in  the  complete  loss  of  aircraft.  We  can 
ill  afford  to  predicate  our  National  defense  upon  aircraft 
equipped  with  this  engine,  when  such  aircraft  must  be 
called  upon  to  meet  on  equal  terms  aircraft  equipped  with 
more  modern  types.  Yet  we  can  ill  afford  to  discard  the 
large  supply  of  these  engines  that  still  remains  in  store, 
bought  and  paid  for,  and  purchase  from  present  appro- 
priations new  engines  to  replace  them. 

A  careful  study  of  the  failures  that  occur  in  Liberty 
engines  in  service  indicates  that  the  weakness  of  the 
engine  lies  primarily  in  its  lack  of  rigidity,  in  the  mani- 
folding and  in  the  valve-actuating  mechanism.  Probably 
the  most  annoying  source  of  trouble  lies  in  the  frequent 
occurrences  of  water-jacket  leakages  in  flight.  This 
trouble  cannot,  apparently,  be  corrected  short  of  a  com- 


plete redesign  of  the  cylinders.  This  is  at  present  being 
done,  experimentally.  To  kill  three  birds  with  one  stone, 
the  redesign  of  the  cylinders  has  taken  the  form  of  a 
six-cylinder  aluminum  cylinder-block,  with  a  complete 
new  cam-actuating  mechanism  and  an  intake-manifolding 
that  follow  very  closely  the  cylinder,  valve  and  manifold- 
ing design  of  the  more  modern  types.  The  use  of  the 
block  construction  enormousty  stiffens  the  engine  and 
should,  in  a  large  measure  at  least,  eliminate  the  troubles 
that  have  resulted  from  this  lack  of  rigidity.  At  the  same 
time  the  jacket  failures  are  eliminated,  while  the  new 
valve-mechanism  and  the  manifolds  result  in  a  materially 
improved  volumetric  efficiency.  Other  minor  modifica- 
tions have  already  been  made,  or  are  being  made,  in 
standard  engines  in  service  to  correct  timing-gear  break- 
ages, generator  failures,  connecting-rod  bearing  diffi- 
culties, piston  burning  and  the  like. 

The  first  experimentally  modified  engine  is  practically 
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Fig.  10 — Longitudinal  Section  of  the  Wright  Dirigible  Engine 
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completed  and  trials  of  it  will  be  begun  in  the  near  future. 
It  is  too  early  as  yet  to  predict  with  assurance  its  entire 
suitability  for  service  use,  but  the  fact  that  the  new  parts 
installed  incorporate  practically  identical  features  to 
those  now  in  common  use  with  superior  results  in  the 
more  recent  models,  should  assure  a  very  marked  im- 
provement indeed. 

In  Fig.  11  are  given  two  graphs  showing  first  the 
present  power  output  of  the  standard  Liberty  engine  and 
second  the  predicted  performance  of  the  modified  engine, 
based  upon  the  actual  test  results  obtained  with  a  similar 
cylinder,  valve  and  manifold  construction  in  other  types 
of  engine.  Particular  attention  is  drawn  to  the  relatively 
low  brake  mean-effective  pressure  values  realized  in  the 
standard  Liberty  engine  and  especially  to  the  sharp  break 
in  the  brake  mean-effective  pressure  curve  at  about  1650 
r.p.m.  It  is  this  characteristic  as  much  as  the  frequent 
cylinder-jacket  failures  that  has  led  us  to  a  complete  re- 
design of  the  upper  works  of  the  engine. 

In  this  modification  we  have  cut  deep,  it  must  be  ad- 
mitted, but  after  a  most  careful  study  and  the  continuous 
testing  of  a  number  of  alternative  courses  that  suggested 
themselves,  we  have  become  convinced  that  there  is  no 
other  way.  We  have  been  greatly  restricted  in  this  work 
by  the  fact  that  modified  parts  must  always  be  applicable 
to  the  standard  Liberty  crankcase,  crankshaft,  connect- 
ing-rods, pistons  and  accessories.  There  is  no  doubt  that 
the  power  output  shown  in  Fig.  11  will  be  realized,  nor 
is  there  any  doubt  that  the  engine  as  modified  will  be 
measurably  more  durable  and  dependable  than  the  stand- 
ard Liberty.  The  only  question  is,  how  much  more  de- 
pendable and  durable  it  will  be.  This  is  a  question  that 
can  be  answered  only  by  the  actual  running  tests  that 
are  about  to  be  begun. 

The  Air-Cooled  versus  the  Water-Cooled  Engine. 

I  have  been  rather  hesitant  about  entering  such  con- 
troversial ground  as  a  discussion  of  the  relative  merits  of 
the  air-cooled  and  the  water-cooled  engine,  but  the  work 


Fig.    11- 
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-Comparison  of  the  Power  Developed  by  the  Standard 
and  the  Redesigned  Liberty  Engine     ■ 


that  we  have  been  doing  during  the  past  2  years  has 
brought  so  much  definite  information  to  light  that  the 
subject  cannot  well  be  passed  over.  If  we  assume  equal 
durability,  flexibility  and  fuel  economy,  I  believe  that 
every  one  must  agree  that  the  air-cooled  engine  must  have 
a  distinct  advantage  over  the  water-cooled  engine  for  air- 
craft service,  owing  to  the  elimination  of  the  weight  and 
the  complications  imposed  by  radiators,  water  and  piping. 
The  chief  contention  between  the  air-cooled  and  the 
water-cooled  proponents  appears  to  be  one  of  whether  the 
air-cooled  engine  can  be  made  to  equal  the  water-cooled 
engine  in  these  three  characteristics.  It  has  also  been 
contended  by  the  water-cooled  proponents  that  the  air- 
cooled  engine  must,  due  to  its  relatively  large  frontal  area, 
have  a  much  higher  head-resistance  factor  than  has  the 
water-cooled  engine.  These  questions  have  been  largely 
based  on  surmise.  Little  really  definite  comparative  in- 
formation has  been  at  hand,  for  the  simple  reason  that 
until  very  recently  there  have  been  no  air-cooled  engines 
of  any  considerable  output  available  in  this  Country  for 
actual  comparative  flight  tests. 

Something  over  2  years  ago,  we  began  in  real  earnest 
an  intensive  development  and  testing  program  to  deter- 
mine definite  answers  to  these  questions.  The  first  re- 
quirement was  of  course  to  get,  for  flight  service,  an  air- 
cooled  engine  that  would  have  an  output  comparable  to 
more  commonly  used  water-cooled  engines.  Five  engines 
of  an  experimental  type,  the  Lawrance  Model  J,  a  con- 
ventional nine-cylinder  radial,  having  a  rated  output  of 
200  hp.  at  1800  r.p.m.,  were  contracted  for,  for  develop- 
ment purposes. 

The  first  of  these  engines  was  completed  about  18 
months  ago,  was  placed  on  a  test-stand  and  test  running 
begun  mostly  at  wide-open  throttle.  The  thermal  char- 
acteristics of  the  engines  as  originally  designed  proved  to 
be  entirely  sound  and  to  require  no  modification.  A  num- 
ber of  mechanical  troubles  developed,  however,  as  the 
tests  continued,  involving  changes  in  the  crankcase 
design,  the  crankshaft  and  main-bearing  design,  the 
cylinder  securing,  the  valve-springs,  the  cams,  the  ac- 
cessory drives,  the  propeller-hub  and  all  manner  of  minor 
details.  Parallel  with  these  block  tests,  sample  engines 
have  been  in  actual  flight  service  for  a  period  of  nearly 
a  year.  The  same  engine  has  been  flown  in  weather 
ranging  from  the  hottest  days  of  summer  to  the  lowest 
temperature  yet  encountered  this  winter,  16  deg.  fahr., 
from  sea  level  to  20,000  ft.,  in  dry  weather  and  rain,  in 
parallel  service  with  the  best  water-cooled  engines  of  com- 
parable power  that  we  know  of  today.  Troubles  have 
been  encountered  to  be  sure,  many  troubles,  but  they  have 
almost  invariably  been  troubles  of  a  mechanical  nature, 
and  without  exception  means  have  been  found  for  over- 
coming them.  Not  one  instance  of  trouble  of  any  nature 
has  been  found  that  has  been  at  all  inherent  in  the  fact 
that  the  engine  was  air-cooled  rather  than  water-cooled. 
We  have  found  no  indication  in  any  of  our  tests  during 
more  than  2  years  of  constant  running  of  engines  of  this 
type  that  the  air-cooled  engine  as  such  is  less  efficient,  less 
flexible,  less  powerful,  less  dependable,  less  durable  or 
more  sensitive  to  changes  in  the  altitude  or  in  the  tem- 
perature than  is  the  water-cooled  engine.  It  is  certainly 
lighter  than  the  water-cooled  engine  with  its  radiator,  it 
requires  less  preliminary  running  to  warm  up  in  cold 
weather  and  less  attention  on  the  part  of  the  pilot  in 
flight  and  its  installation  is  distinctly  simpler  and 
cheaper. 

To  obtain  an  indication  of  the  relative  aerodynamic 
features  of  the  air-cooled  and  water-cooled  types,  we  have 
built  for  comparative  flight  tests  three  types  of  airplane 
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that  are  exactly  alike  in  all  respects  except  for  the  power- 
plant  installations.  One  of  these  types  has  the  air-cooled 
engine  installed,  the  other  two  types  have  two  different 
models  of  water-cooled  engines.  Two  of  these  airplanes, 
one  equipped  with  the  Wright  Model  E-2  water-cooled 
engine  and  the  other  with  the  Lawrance  Model  J-l  air- 
cooled  engine,  were  entered  in  the  Detroit  races  this  year. 
Unfortunately,  the  water-cooled  type  did  not  finish  due  to 
a  broken  propeller-tip  that  forced  her  out  of  the  race. 
But  from  comparative  flight  trials  prior  to  the  race  and 
from  recorded  times  for  the  early  laps  of  the  race,  it  is 
pretty  conclusively  established  that  the  two  machines, 
using  identical  propellers  turning  at  the  same  number  of 
revolutions  per  minute,  were  exactly  equal  in  speed.  The 
power  output  of  the  E-2  engine  was  brought  up  to  that 
of  the  J-l  engine  by  installing  in  the  E-2  special  high-lift 
cams  and  special  pistons  to  give  a  compression-ratio  of 
6.5  to  1.    The  J-l  engine  was  in  all  respects  standard. 

I  regret  that  our  testing  program  in  this  regard  is  not 
yet  completed,  and  that  complete  quantitative  data  are 
not,  therefore,  yet  available.  All  information  as  yet 
available,  however,  appears  to  confirm  the  results  noted 
during  the  Detroit  races. 

The  wide  investigation  that  we  have  pursued  during 
these  past  2  years  appears  to  have  established  beyond  the 
range  of  surmise  the  following  characteristics  for  the  air- 
cooled  engine  of  smaller  powers  up  to,  say,  300  hp.,  as 
compared  with  the  best  existing  types  of  water-cooled 
engines  of  comparable  power. 

(1)  There  is  nothing  inherent  in  the  air-cooled  engine 
that  renders  it  less  durable  or  dependable  as  a 
mechanism  than  is  the  water-cooled  engine 

(2)  As  regards  thermal  characteristics,  the  air-cooled 
engine  is  at  least  the  equal  of  the  water-cooled 
engine.  Block  and  flight  tests  over  a  period  of 
many  months  have  demonstrated  a  specific  power 
and  specific  fuel-consumption  that  is  the  equal  of 
the  best  water-cooled  engines  of  comparable  power 
that  we  know  of 

(3)  The  air-cooled  engine  is  not  unduly  sensitive 
to  wide  changes  in  the  atmospheric  temperatures 
in  flight  service 

(4)  The  head-resistance  of  the  radial  air-cooled  en- 
gine of  the  largest  size  that  we  have  had  in  flight, 
43-in.  diameter  overall,  is  not  greater  than  that 
of  the  water-cooled  engine  of  the  same  power 
plus  the  necessary  radiator 

(5)  The  air-cooled  engine  is  much  more  quickly  warmed 
up  and  made  ready  for  flight  in  cold  weather  than 
is  the  water-cooled  engine  and  will  withstand  long 
glides  and  dives  at  a  high  altitude  without  inter- 
fering with  its  operation 

(6)  The  air-cooled  engine  requires  less  attention  on 
the  part  of  the  pilot  than  does  the  water-cooled 
engine 

(7)  The  weight  of  the  air-cooled  engine  is  unquestion- 
ably inherently  less  than  that  of  the  best  water- 
cooled  engine  with  its  radiator  and  water.  In  this 
connection,  I  have  prepared  Fig.  12  to  show  at  a 
glance  a  comparison  between  the  dimensions  and 
general  characteristics  of  two  actual  types  now  in 
general  use  in  our  service,  the  Lawrance  Model 
J-l,  air-cooled,  and  the  Wright  Model  E-4,  water- 
cooled.  The  data  shown  in  this  figure  represent 
actual  test  data  for  the  most  recent  models  of  each 
type.  The  weight  data  for  each  type  are  based 
upon  the  dry  engine;  the  water  and  the  radiator 
of  the  water-cooled  engine  are  not  included.  This 
represents  an  additional  handicap  in  favor  of  the 
air-cooled  type  of  approximately  0.6  lb.  per  hp. 

The  conclusions  to  be  drawn  from  these  facts,  and  they 
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Fig.  12— Comparison  of  the  Wiught  E-4  and  the  Lawrance  J-l 

Engines 

now  are  fully  demonstrated  facts,  not  surmise,  are  per- 
fectly obvious. 

What  are  the  possibilities  in  air-cooled  engines  of 
larger  powers  remains  to  be  determined.  The  engineering 
division  of  the  Army  Air  Service  has  in  its  excellent  re- 
search at  McCook  Field  demonstrated  the  entire  prac- 
ticability of  constructing  air-cooled  cylinders  of  large  dis- 
placement that  have  thermodynamic  characteristics  equal 
to  the  best  water-cooled  construction.  It  remains  only  to 
solve  the  relatively  simple  mechanical  details  of  combin- 
ing such  cylinders  into  a  larger-power  engine  without  ex- 
ceeding reasonable  frontal  dimensions.  How  large 
diameters  are  practicable  before  the  head-resistance 
factor  of  the  conventional  radial  engine  becomes  an  offset 
to  the  other  inherent  advantages  of  the  air-cooled  type  is 
a  question  that  can  be  decided  only  by  actual  flight  trials 
which  must  naturally  wait  upon  the  development  of  larger 
air-cooled  engines  that  are  now  being  projected.  The 
question  of  frontal  dimensions  is  largely  a  question  of 
mechanical  arrangement.  We  are  now  investigating  valve 
arrangements  that  will  permit  a  very  material  reduction 
in  radial-engine  diameters  through  the  elimination  of  the 
top  hamper  now  used  in  the  conventional  overhead  poppet- 
valve  cylinder  designs.  A  highly  experimental  engine  is 
under  construction  that  entirely  eliminates  the  overhead 
valve-gear,  there  being  nothing  at  all  above  the  cooling 
fins  of  the  cylinder-head  proper.  It  is  too  early  to  predict 
the  outcome  of  this  project,  but  the  advantages  to  be 
gained  not  only  in  the  way  of  head-resistance,  but  in  over- 
all weight  as  well,  are  self-evident. 

The  air-cooled  engine,  at  any  rate  in  the  smaller  sizes, 
has  definitely  arrived,  and  is  in  our  service  definitely  dis- 
placing the  water-cooled  engine  in  all  sizes  up  to  300  hp. 
No  new  types  of  water-cooled  engine  in  these  powers  are 
contemplated.  What  the  future  is  for  air-cooled  engines 
of  larger  powers  we  are  not  yet  prepared  to  say  definitely, 
but  the  prediction  is  ventured  that  just  as  the  air-cooled 
engine  is  now  displacing  the  water-cooled  types  in  the 
smaller  powers,  so  will  it  extend  its  field  progressively  to 
the  larger  powers  and  displace  the  water-cooled  engines 
in  this  field. 

I  have  outlined  only  the  more  important  work  that  we 
have  been  doing  along  more  or  less  conventional  lines, 
namely  in  the  four-stroke  Otto  cycle  reciprocating  engine. 
These  are  the  things  of  the  present  and  the  immediate 
future.  That  we  have  not  confined  ourselves  to  conven- 
tion alone,  you  may  be  sure.  Many  other  lines  have  been 
or  are  being  investigated.  I  have  refrained  from  men- 
tioning investigations  that  we  have  been  making  along 
other   lines,   for   example,    in   high-speed    solid-injection 
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auto-ignition  engines,  in  two-stroke  cycle  engines  and 
others,  because  all  of  this  work  is  still  in  its  preliminary 
stages  and  is  still  too  full  of  conjecture  to  warrant  any 
definite  predictions  for  results  as  applied  to  actual  air- 
craft use.  It  is  not  to  be  doubted  that  radical  departures 
from  present  conventional  practices  will,  soon  or  late, 
gradually  or  suddenly,  find  their  way  into  the  aviation 
field,  but  as  yet  no  new  departure  has  presented  itself  that 
appears  to  give  any  promise  in  the  immediate  future  of 
displacing  the  present  more  conventional  practices  in 
common  use.  Our  chief  hope  for  betterment,  so  far  as 
the  present  is  concerned  at  least,  lies  in  perfecting  the 
kind  of  apparatus  that  we  have  been  accustomed  to  using. 
And  in  looking  back  over  the  results  of  the  recent  develop- 
ment work  that  has  been  done  with  the  funds  that  have 
been  made  available  to  us,  we  feel  that  the  funds  have  on 
the  whole  been  spent  to  good  advantage,  that  the  safety. 
the  dependability  and  the  operating  cost  of  aircraft  have 
been  very  materially  improved,  and  that  the  strong  com- 
mercial aircraft  industry  that  the  National  defense  so 
sorely  needs  is  thereby  much  closer  to  realization  than  it 
has  ever  been  before. 

APPENDIX 

Influence  of  Powerplant  Weight  on  Transportation 

Costs 

One  often  hears  the  statement  that  the  requirements 
for  commercial  aviation  are  very  different  from  those  for 
military  aviation,  that  for  commercial  aviation  one  can 
afford  to  use  considerably  heavier  engine  types  than  are 
at  present  in  common  use  for  military  aircraft.  A  rather 
careful  study  of  the  influence  of  powerplant  weight  on  the 
amount  of  pay-load  that  can  be  carried  throws  some 
interesting  light  on  this  subject.  I  have  taken  as  the 
basis  for  comparison  the  performance  of  a  type  of  air- 
craft that  has  recently  been  developed,  and  that  has  an 
unusually  high  carrying  load  per  horsepower  by  com- 
parison with  existing  types  of  aircraft. 

The  total  gross  weight  of  the  machine  as  built  is  7175 
lb.  The  engine  used  is  a  standard  Liberty  developing  400 
b.  hp.,  which  gives  a  power  loading  of  17.9  lb.  per  b.  hp.,  a 
very  satisfactory  figure.  With  a  cruising  radius  of  500 
miles  this  plane  as  built  can  carry  a  pay-load  of  1010  lb. 
The  powerplant  weights,  exclusive  of  fuel,  are  as  fol- 
lows: 

Lb. 
Dry  Weight  of  Liberty  Engine  872 

Engine  Accessories  58 

Hand  Starting  System  17 

Propeller  58 

Drv  Weight  of  Cooling  System  132 

Cooling  Water  113 

Dry  Weight  of  Oil  Svstem  33 

Dry  Weight  of  Fuel  System  184 

Engine  Controls  15 


engine  it  is  reasonable  to  assume  a  powerplant  weight,  ex- 
clusive of  the  fuel  which  is  considered  to  be  the  same  as  in 
the  previous  case,  of 


Total  Powerplant  Weight  1,462 

As  a  basis  of  comparison,  I  have  taken  a  purely  hypo- 
thetical assumption  that  an  air-cooled  engine  that  will 
deliver  400  hp.  and  that  will  weigh  600  lb.  dry  is  available 
to  replace  the  standard  Liberty  engine.  I  believe  that 
such  an  engine  is  capable  of  being  built.    With  such  an 


Engine 

Engine  Accessories 

Starting  System 

Cooling  System 

Water 

Dry  Weight  of  Oil  System 

Propeller 

Dry  Weight  of  Fuel  System 

Engine  Controls 

Total  Powerplant  Weight 


Lb. 

600 
33 
17 
0 
0 
33 
58 

184 
15 

940 


Owing  to  the  simpler  engine  mounting  required  for  the 
air-cooled  engine,  there  will  be  an  additional  saving  in  the 
weight  that  is  conservatively  estimated  at  approximately 
50  lb.  The  total  saving  in  the  powerplant  weight  in  the 
case  of  the  latter  installation  is,  therefore 

1462  —  940  +  50  =  572  lb. 

This  saving  in  the  deadweight  of  the  powerplant  per- 
mits an  increase  of  572  lb.  in  the  pay-load,  without  in  any 
way  affecting  the  performance  characteristics  of  the  air- 
plane. 

Assume  that  a  commercial  transportation  company  has 
a  regular  contract  to  carry  3000  lb.  of  goods  per  day,  a 
distance  of  500  miles.  To  fulfill  this  requirement  it  will 
be  necessary  in  the  first  case  to  keep  three  airplanes  in 
continuous  operation,  while  with  the  lighter  powerplant 
the  same  work  can  be  done  with  only  two  machines,  and 
the  relative  transportation  costs  per  ton-mile  will  be  50 
per  cent  greater  when  using  the  heavier  engine  than  when 
using  the  lighter  one. 


PROGRESS 

\  MEDLEVAL  mood  of  stagnation  and  apparent  finish 
±~\  always  precedes  the  discovery  of  our  new  worlds.  Cor- 
rect forecast  of  the  future  is  so  rare  because  it  must  be 
founded  upon  a  disbelief  in  the  stability  of  things  as  they 
are.  The  young  and  the  speculative  are  always  taken  by 
surprise;  but  the  experienced  no  longer  count  on  continuity. 
The  apparently  so  enduring  structure  into  which  we  are 
born  soon  tumbles  about  our  ears.  And  we,  who  at  first 
seemed  to  be  moving  forward  through  a  fixed  world,  finally 
come  to  regard  ourselves  as  the  only  fixed  thing  in  it.  Life 
overleaps  every  bound  that  is  set;  and  we  have  to  keep 
advancing  our  landmarks. 

We  are  born  for  the  future  and  the  past  concerns  us  only 
secondarily. 

To  create  and  at  the  same  time  supply  a  new  demand  is 
the  highest  usefulness.  The  world  wants  it,  yet  never 
knows  it. 

Always  the  most  precious  gift  is  one  of  whose  value  the 
recipient  is  still  ignorant.  Conditions  try  to  hold  us  in  their 
service. 

If  we  feel  the  world's  needs,  we  shall  be  the  right  man  at 
the  right  moment.  But  if  we  feel  only  our  own,  we  shall  at 
most  be  mental  valetudinarians.  Many  look,  one  sees;  many 
ought,  one  does.     He  is  the  great  man. 

Heaven  still  opens  when  the  right  voice  vibrates;  the  rock 
still  gushes  when  the  prophet  speaks. — S.  B.  Stanton. 
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THE  paper  presented  at  the  meeting  of  the  Detroit 
Section  held  on  March  2  was  a  resume  and  com- 
bination of  the  two  papers  presented  by  Mr.  Pul- 
sifer at  the  1922  and  1923  Annual  Meetings  of  the  So- 
ciety, entitled  Manufacture  and  Application  of  Automo- 
bile Varnishes  and  Paints,  and  Automobile  Finishing- 
Varnish,  respectively.  On  account  of  this  duplication, 
the  paper  actually  presented  at  Detroit  is  not  printed 
herewith  but  in  lieu  thereof  abstracts  of  the  two  papers 
are  given  below  with  references  to  the  issues  of  THE 
Journal  in  which  they  were  printed,  so  that  members 
who  desire  to  refer  to  the  complete  text  as  originally 
printed  and  the  illustrations  that  appeared  in  connection 
therewith  can  do  so  with  the  minimum  amount  of  effort. 
The  procedure  following  the  presentation  of  the  paper 
was  based  on  a  new  plan.  Cards  were  distributed  among 
those  present,  it  being  asked  that  questions  be  written 
thereon  by  those  who  did  not  care  to  take  part  in  the 
discussion  orally.  After  the  presentation  of  the  paper 
the  cards  were  collected  and  the  questions  were  read 
by  the  chairman  to  Mr.  Pulsifer  who  replied.  For  that 
reason  most  of  the  discussion  appears  in  the  form  of 
questions  and  answers  instead  of  in  the  customary  ar- 
rangement with  the  names  of  the  different  speakers. 

ABSTRACTS 

DIVIDING  the  ability  of  an  automobile  finish  to 
remain  new  into  the  elements  of  proper  quality 
of  the  materials,  engineering  of  application  systems, 
methods  of  application  and  care  of  the  finish,  the 
author  states  that  the  responsibility  for  them  rests 
jointly  upon  the  manufacturer  of  the  varnishes  and 
paints,  the  builder  of  the  automobile  and  the  owner  of 
the  finished  product.  Five  basic  materials  that  are 
necessary  in  automobile  painting  are  specified  and  dis- 
cussed. 

Engineering  systems  of  application  and  the  actual 
methods  of  application  are  treated  in  some  detail,  in- 
clusive of  drying,  and  of  surfacing  or  rubbing.  The 
care  of  the  finish  is  important  and  the  precautions 
necessary  in  this  regard  are  outlined.  The  paper 
deals  with  the  application  and  not  the  manufacture  of 
the  different  varnishes  and  paints  that  are  mentioned. 
— [Printed  in  the  January,  1922,  issue  of  The  Jour- 
nal.] 

AS  the  success  or  failure  of  the  finish  of  an  automo- 
bile depends  largely  on  the  finishing-varnish,  a 
plea  is  made  for  more  scientific  analyses  of  the  prob- 
lems of  automobile  finishing  and  more  care  in  selecting 
and  applying  a  suitable  varnish.  The  qualities  to  be 
desired  in  a  finishing-varnish  are  divided  into  two 
classes:  the  shop  qualities  and  the  service  qualities. 
The  shop  qualities  include  color,  body  or  viscosity,  work- 
ing, flowing,  setting,  hardening,  fulness  and  the  safety 
of  working'.  The  service  qualities,  or  those  that  enable 
the  varnish  to  withstand  the  various  conditions  of  use, 
include   resistance    to   break-down    under   the    chemical 
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action  of  the  actinic  rays  of  sunlight,  to  the  destructive 
action  of  moisture  and  the  alkalis  in  mud  and  soap,  to 
expansion  and  contraction,  to  vibration  and  to  abra- 
sion. The  three  most  important  factors  in  estimating 
the  service-giving  qualities  of  varnish  are  said  to  be 
elasticity,  moisture-resistance  and  the  film  factor. 
Each  of  the  various  terms  mentioned  is  carefully  de- 
fined, analyzed  and  explained.  Among  the  constants 
that  must  be  determined,  either  for  checking  uniform- 
ity or  for  use  as  bases  of  tests,  are  the  non-volatile 
content,  which  is  the  starting-point  in  the  test  for 
elasticity  and  in  computing  the  film  factor  or  thick- 
ness of  the  dried  film;  the  ash,  the  flash-point,  and  the 
acid  number.  An  empirical  formula  is  derived  by  which 
the  thickness  of  the  dried  film  can  be  estimated  with 
accuracy;  and  in  a  series  of  appendixes  the  details  are 
given  concerning  tests  for  the  drying,  the  safety  of 
working,  non-volatile  content,  ash,  flash-point  and  acid 
number;  the  Kauri  reduction  test;  and  tests  for  mois- 
ture and  alkali  resistance. —  [Printed  in  the  January, 
1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

Question: — What  causes  plain  finishing  to  crack  or 
craze  on   natural  wood-wheels? 

Answer: — The  question,  I  presume,  relates  to  prema- 
ture cracking  or  crazing.  Any  plain  or  fancy  finish  will 
crack  or  craze  eventually  as  a  result  of  the  chemical  de- 
struction caused  by  the  actinic  rays  in  sunlight.  Pre- 
mature deterioration  may  be  due  to  a  lack  of  elasticity 
in  the  finishing  material  or  the  use  of  a  too  elastic  wood 
filler,  with  the  subsequent  finishing  of  those  wheels  be- 
fore the  filler  was  properly  hardened.  It  may  also  be 
clue  to  the  building-up  of  the  surface  on  which  to  apply 
the  finishing  with  too  much  rubbing-varnish,  instead  of 
treating  the  parts  the  way  a  boat  ought  to  be  treated,  that 
is,  putting  on  none  but  durable  materials.  The  proper 
way  to  finish  wood  wheels  is  very  similar  to  the  proper 
way  to  finish  a  boat.  They  should  get  a  coat  of  suitable 
silex  filler,  which,  if  the  job  is  to  be  tinted,  is  tinted  to 
match  the  kind  of  wood  wanted,  and  then  be  finished 
with  three  coats  of  a  material  that  approximates  a  good 
spar-varnish  in  quality;  if  done  in  that  way,  the  resultant 
finish  can  hardly  crack  and  craze  before  its  time. 

Question: — Why  does  enamel  or  paint  peel  on  some 
metal?  In  other  words,  is  there  such  a  thing  as  pickled 
metal  on  which  paint  will  not  stick? 

Answer: — Evidently  something  was  wrong  with  the 
metal;  it  was  pickled  too  much  or  it  was  not  properly 
pickled.  All  metal  does  not  take  paint  in  the  same  way. 
This  is  especially  true  of  steel;  that  is,  some  steels  are 
much  more  easy  to  condition  for  painting  than  others. 
As  a  rule,  steels  that  are  capable  of  being  properly  drawn 
into  panels  show  very  much  better  characteristics  for 
painting  than  the  harder  steels. 

The  only  answer  to  this  question  is  that  the  trouble 
might  be  due  to  10  or  12  different  things.  The  metal 
may  have  had  grease-spots  on  it  before  it  was  finished, 
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or  incipient  rust  after  the  cleaning  operation.  Unless 
all  the  facts  are  known  in  a  case  like  that,  beginning 
with  the  analysis  of  the  metal  right  straight  through 
to  the  finish  of  the  job,  a  specific  answer  to  such  a  ques- 
tion can  hardly  be  given. 

Question: — Which  will  give  the  more  durable  finish, 
(a)  the  use  of  an  elastic  color-sealer  over  the  rough  stuff, 
or  (b)  the  use  of  a  flat  ground  and  the  japan  color  over 
the  rough  stuff? 

Answer: — The  use  of  too  elastic  a  pigment  sealer- 
coat  will  cause  trouble  by  being  more  elastic  than  the 
subsequent  color-coats.  My  opinion  is  that  a  sealer-coat 
should  be  extremely  thin  and  not  relied  upon  to  form 
the  color  ground-work  as  well  as  to  perform  the  sealing 
operation;  in  other  words,  a  coat  that  merely  goes  into 
the  rough  stuff  or  the  surfacer  and  seals  the  pores,  prac- 
tically becoming  a  part  of  the  rough  stuff  or  the  surfacer 
itself.  With  a  sealer  of  this  description  it  is  possible  to 
use  a  rough  stuff  of  less  toughness  and  more  porosity 
and  therefore  easier  surfacing  qualities,  than  it  is  possi- 
ble to  use  with  good  results  if  the  sealer  operation  be 
omitted,  because  you  really  put  the  life  into  the  rough 
stuff  afterwards;  after  you  have  reached  your  surface. 

There  is  no  reason  why  a  properly  brought-up  job  in 
a  japan  color  should  not  give  perfect  satisfaction.  A 
job  brought-up  in  a  very  elastic  sealer-coat  and  then  fol- 
lowed by  a  japan  color  would  be  very  likely  to  cause 
trouble,  just  as  one  brought-up  by  the  use  of  an  elastic 
pigmented  sealer  followed  by  a  more  or  less  short,  brittle 
color  varnish,  would  be  likely  to  cause  trouble. 

Question:- — Why  does  brass  affect  paint?  How  does 
enamel  adhere  to  nickel  or  brass? 

Answer: — Both  copper  and  zinc,  the  largest  constitu- 
ent parts  of  brass,  are  difficult  metals  to  paint.  The 
combination  is  sometimes  more  difficult  than  either  one 
by  itself.  Brass  presents  a  more  or  less  greasy  surface 
and  requires  very  careful  surfacing  and  cleaning  to  get 
it  in  the  shape  to  take  primers  properly. 

Primers  that  are  suitable  for  some  other  metals  are 
not  always  suitable  for  brass  or  bronze.  Sometimes  it  is 
quite  a  trick  to  get  a  primer  that  will  give  the  best  re- 
sults on  brass  moldings  or  other  brass  parts.  It  is  a 
question  again  of  properly  cleaning  the  material.  Usu- 
ally it  is  best  to  do  the  final  cleaning  with  very  fine 
sandpaper  dipped  in  benzol,  which  gives  a  slight  "tooth" 
to  the  brass  part,  and  also  makes  it  extremely  clean;  and 
then  prime  it  before  it  has  a  chance  to  oxidize  or  tarnish. 

Question  : — What  is  your  opinion  of  viscosity  measure- 
ment taken  with  the  MacMichael  instrument? 

Answer: — The  MacMichael  instrument  is  too  accurate 
and  far  too  fussy  for  varnish  work.  In  other  words,  it 
involves  an  unnecessarily  fine  operation.  The  best  way 
of  measuring  the  viscosity  of  a  varnish  is  with  the  Gard- 
ner-Holdt  viscometer. 

Question: — What  viscosity  should  a  satisfactory  var- 
nish have?  Can  a  satisfactory  varnish  be  made  from 
materials  containing   an   appreciable   amount  of   rosin? 

Answer: — The  first  question  cannot  be  answered. 
There  is  no  "best"  viscosity  for  every  type  of  varnish 
for  every  type  of  operation.  To  get  the  proper  thickness 
of  film  on  a  flow-coated  panel,  a  material  of  different  vis- 
cosity from  that  required  for  brush  work  should  be  used. 
The  same  viscosity,  as  a  rule,  is  not  wanted  in  the  under- 
coats as  in  the  finishing-coat,  and  about  the  only  thing 
to  say  is  that  the  varnish  should  have  the  proper  viscosity 
to  give  the  best  results  under  the  conditions  and  methods 
of  application. 

In  the  case  of  a  finishing- varnish  the  proper  viscosity 
is  the  greatest  viscosity  that  can  be  handled  properly 


under  the  painting  operation  that  is  being  carried  on  in 
a  given  plant;  with  the  limitation  that  it  must  not  be 
so  great  that  the  varnish  from  the  top  to  the  bottom 
of  the  panels  does  not  harden  through  properly.  In  other 
words,  if  the  varnish  is  too  heavy,  "case-hardening," 
with  big  alligator-cracks  and  checks,  results  long  before 
the  material  should  go  to  pieces. 

Rosin  is  used  in  the  varnish  industry  in  a  number  of 
different  ways.  One  of  these  is  in  the  manufacture  of 
the  so-called  resinate  driers  that  are  compounds  of  the 
rosin  acids  with  various  manganese,  lead  and  cobalt  salts, 
an  indirect  method  by  which  these  drier  materials  are 
frequently  introduced  into  the  varnish.  These  driers  are 
very  soluble  and  therefore  can  be  introduced  into  the 
varnish  much  more  easily  than  straight  metallic  driers. 

Another  use  of  rosin  in  varnish  is  that  of  the  so- 
called  ester  gums  that  have  as  their  basis  the  common 
South  Carolina  rosin  treated  with  glycerine.  This  treat- 
ment produces  a  very  low  acid-number,  and  one  that  can 
be  controlled.  Varnishes  of  this  class  are  particularly 
valuable  as  mixing  varnishes  for  colors.  The  various 
natural  gums  have  a  wide  range  of  acid  number.  No  two 
lots  will  be  exactly  the  same.  If  the  gum,  whether  it  is 
rosin  or  some  other,  is  not  treated  in  the  same  way,  var- 
nishes of  fluctuating  acid-number  will  be  obtained  and 
when  they  are  compounded  with  various  pigments  fluctu- 
ating results  will  be  secured.  For  that  reason,  for  many 
types  of  mixing  varnish,  and  for  some  other  varnishes, 
a  raw  material  that  can  be  controlled  through  a  chemical 
process  that  takes  place  in  the  plant  itself  can  be  used 
to  good  advantage. 

Question  : — How  does  second-run  turpentine  compare 
with  turpentine? 

ANSWER: — The  so-called  first-run  turpentine  is  better 
than  the  other  because  it  is  usually  paler  in  color.  It 
should  be  absolutely  water-white.  Second-run  turpentine 
is  very  often  somewhat  off-color  and  contains  a  higher 
percentage  of  resinous  material  than  the  first-run  tur- 
pentine. For  many  purposes  turpentine  should  be  just 
as  near  water-white  as  possible.  In  the  case  of  second- 
run  turpentine,  where  the  resinous  material  is  in  excess 
it  can  be 'redistilled,  and  just  as  good  results  can  be  se- 
cured from  second-run  as  from  first-run  by  the  intro- 
duction of  this  rectifying  process.  This  is,  of  course, 
practical  only  where  large  quantities  are  used. 

Question: — Is  it  necessary  to  lay-up  a  winter  supply 
of  high-grade  rubbing  and  finishing-varnish? 

Answer: — Not  as  necessary  as  it  was  30  or  40  years 
ago.  The  separation  of  the  drier  compounds  of  the  rosin 
and  the  oil  acids  that  formerly  took  place  with  alarming 
regularity  when  varnish  was  chilled  is  no  longer  any- 
where near  as  likely  to  occur.  This  does  not  mean  that 
it  is  not  advisable  to  lay-in  a  stock  if  proper  storage 
space  is  available.  Under  extreme  low-temperature  con- 
ditions the  best  material  will  occasionally  show  trouble 
from  chilling. 

Question:— Is  it  possible  to  mix  paint  by  the  eye  as 
nearly  correctly  as  when  using  a  scale  and  a  measure? 

Answer: — Yes  and  no,  depending  on  the  eye. 

Question:- — Where  can  the  bubble  viscometer  be  ob- 
tained? 

Answer: — The  Gardner-Holdt  bubble  viscometer  can 
be  obtained  directly  from  the  Institute  of  Industrial  Re- 
search, or  by  any  varnish  manufacturer  for  his  custom- 
ers. This  apparatus  was  developed  at  the  expense  of  the 
National  Varnish  Manufacturers  Association.  Only  a 
limited  number  of  the  instruments  can  be  produced  by 
reason  of  the  difficulty  of  getting  tubes  of  standard  in- 
ternal-diameter; but  they  can  be  obtained  from  Dr.  Harry 
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Gardner,  of  the  Institute  of  Industrial  Research,  City  of 
Washington. 

Question  : — Can  the  Kauri  reduction-test  be  used  on 
any  but  the  finish  coat? 

Answer: — Its  principal  value  is  in  the  estimation  of 
the  finish-coat,  and  of  clear  rather  than  pigmented  var- 
nishes, although,  if  it  is  possible  with  the  color  material 
to  separate  the  pigment  successfully,  the  Kauri  reduction- 
figure  can  be  determined  for  the  remaining  clear  liquid. 

In  the  case  of  rubbing-varnishes,  the  bulk  of  them  crack 
on  the  bending-test  without  any  Kauri  reduction  what- 
ever. Merely  the  application  of  the  original  varnish,  plus 
forced  drying  and  the  bending  operation,  will  crack  them. 
A  reversal  of  the  Kauri  reduction-test  on  the  rubbing- 
varnish  can  be  made  by  determining  the  non-volatile  con- 
tent of  the  material  and  adding  a  mixture  of  bodied 
linseed-oil  and  turpentine  to  bring  the  varnish  up  to  the 
breaking-point ;  by  finding  out  how  much  of  this  oil  com- 
pound it  was  necessary  to  add,  the  original  elasticity  or 
lack  of  it  can  be  determined. 

Question  : — Has  the  ultra-violet  light  been  used  com- 
mercially for  drying  varnish?  Does  it  offer  any  possi- 
bilities? 

Answer: — So  far  as  I  know  the  ultra-violet  light  has 
never  been  used  for  drying  varnish.  It  has  been  used  in 
an  accelerated  test  for  colored  pigments,  and  in  some  re- 
search laboratories  an  attempt  is  being  made  to  use  it 
as  an  accelerated  durability-test.  It  is  a  very  good  thing 
for  finding  out  the  fading  or  darkening  quality  of  pig- 
mented goods.  It  has  possibilities  in  conjunction  with 
the  Kauri  reduction-test,  or  perhaps  by  itself  when  used 
on  completed  systems,  of  simulating  rapid  "weathering" 
in  the  laboratory. 

Question: — Is  there  any  standard  method  of  testing 
the  hardness  of  the  varnish-film  after  it  is  dry? 

Answer: — There  is  no  standard  method.  One  method 
has  been  proposed  for  use  with  such  varnishes  as  those 
used  on  floors,  and  I  presume  it  could  be  used  for  rub- 
bing-varnishes. That  is  tp  buy  a  set  of  lead-pencils  that 
run  all  the  way  from  very  soft  to  very  hard;  cut  them 
down  to  a  chisel-point;  prepare  the  panel;  give  it  the 
requisite  time  to  dry;  then,  starting  with  the  softest  pen- 
cil, draw  each  of  the  series  in  succession  over  the  panel 
and  find  out  which  one  makes  the  first  scratch.  That 
sounds  somewhat  like  a  foolish  method,  but  strange  to 
say  it  works  very  well.  As  a  rule  that  is  not  the  kind 
of  hardness  that  is  in  the  mind  of  the  man  who  is  think- 
ing of  the  hai'dness  of  a  finishing-varnish.  The  only 
method  of  finding  out  whether  it  is  hard  enough  is  try- 
ing it  in  production.  If  it  becomes  gummed-up  with 
finger-marks  and  things  stick  to  it,  it  is  not  hard  enough ; 
if  it  goes  through  the  regular  schedule  and  does  not  have 
these  troubles,  it  is  hard  enough. 

Question: — Do  ovens  heated  to  110  to  120  deg.  fahr. 
kill  a  large  percentage  of  the  oil  in  the  varnish?  If  so, 
where  does  this  oil  go? 

Answer: —  It  takes  more  than  that  to  kill  the  oil  of 
a  varnish.  The  boiling  point  of  the  vegetable  oils  used  in 
making  varnish  is  something  over  500  deg.  A  temperature 
of  from  110  to  120  deg.  fahr.  merely  results  in  a  more 
rapid  absorption  of  oxygen  and  a  denser  coat.  In  other 
words,  it  is  wholly  advantageous  and  not  at  all  deleterious. 
Baking  at  this  temperature,  or  perhaps  a  higher  one,  is 
deleterious  only  when  a  varnish  that  normally  dries  rather 
rapidly  on  the  surface  is  run  right  from  the  finishing- 
room  into  a  heated  oven  and  is  dried  on  the  surface  be- 
fore the  entire  amount  of  the  volatile  material  has  been 
driven  off.  Then  case-hardening,  which  is  just  the  re- 
verse of  what  is  wanted,  results.    A  temperature  of  from 


110  to  120  deg.  never  hurt  the  life  of  any  varnish  under 
normal  conditions. 

Question: — Will  rubbing-varnish,  when  not  thor- 
oughly dry,  cause  the  finishing-varnish  to  lose  its  luster? 

ANSWER: — It  certainly  will;  and  the  same  thing  will 
happen  with  any  of  the  under-coats.  The  proper  result 
with  any  conceivable  system  is  based  on  the  proper  hard- 
ening of  each  individual  coat,  all  the  way  down  to  the 
priming-coat. 

Question  : — Can  you  approximate  the  number  of  coats 
of  finish  of  an  automobile  body  by  visual  inspection? 

Answer: — I  wish  I  could.  I  have  seen  some  jobs  that 
had  15  or  20  coats  that  looked  very  poor,  and  I  have  seen 
other  jobs  with  only  a  few  coats  that  looked  fine.  In 
other  words,  there  is  no  way  of  measuring  the  thickness 
of  a  thing  that  you  cannot  see  through  without  getting 
through  and  measuring  it. 

Question  : — Why  does  paint  perish  on  aluminum  more 
quickly  than  on  steel? 

Answer: — A  certain  paint  system  might  perish  more 
rapidly  on  aluminum  than  on  steel,  due  to  the  different 
coefficients  of  expansion  of  aluminum  and  steel,  but  no 
reason  in  the  world  exists  why  an  aluminum  body  cannot 
be  painted  to  stand-up  just  as  well  as  one  of  steel.  The 
only  precaution  to  be  observed  is  not  to  permit  anything 
in  the  nature  of  white-lead  to  touch  the  aluminum  body, 
as,  if  the  moisture  gets  through  to  that  particular  coat, 
it  will  cause  corrosion,  perishing  and  the  disappearance  of 
the  entire  finish.  Aside  from  that  there  is  no  reason 
why  a  paint  job  should  not  last  as  well  on  aluminum  if 
the  job  is  properly  balanced  in  elasticity  for  that  particu- 
lar metal. 

Question: — Why  does  an  automobile  body  that  has 
received  a  flow-coat  job  often  check  or  crack  near  the 
bottom  after  several  months'  exposure  to  the  weather, 
while  the  center  and  top  are  unaffected? 

Answer: — That  is  due  to  the  fact,  especially  where 
the  flow-coat  is  used  on  the  rubbing-coats,  that  the  coats 
at  the  bottom  of  the  panel  are  too  thick  to  harden  through 
properly.  Then  we  have  the  effect  of  a  hard  material 
on  top  of  a  soft  material,  with  the  result  that  we  get 
big  alligator  cracks,  starting  at  the  bottom  and  gradu- 
ally working  their  way  up. 

That  can  be  demonstrated  very  easily  in  the  case  of 
some  flow-coated  color  varnishes  the  day  after  they  are 
put  on,  by  starting  a  putty-knife  up  under  the  coat. 
It  is  possible  to  go  about  one-third  of  the  way  up  a  door 
panel  before  reaching  a  point  where  the  varnish  is  hard- 
ened through  and  cannot  be  removed.  In  a  flow-coated 
panel  the  middle  is  about  the  normal  thickness  of  a  brush 
coat,  so  that  the  bottom  is  too  thick,  the  middle  is  about 
right  and  the  top  is  too  thin. 

Question: — What  effect  do  body  polishes  or  automo- 
bile soaps  have  on  the  finish  of  a  car? 

ANSWER: — These  two  substances  produce  two  different 
effects,  as  a  rule.  Some  body-polishes  have  no  deleterious 
effect,  if  they  are  properly  used.  The  chief  difficulty 
with  these  materials  is  due  to  the  fact  that  there  are 
many  on  the  market  that  are  merely  thrown  together 
without  any  regard  to  what  they  are  apt  to  do  to  the 
finishing-varnish.  They  often  contain  abrasive  material. 
Some  are  properly  made,  but  if  the  directions  on  the  can 
or  the  bottle  are  followed  the  finish  will  be  ruined.  They 
are  sold  as  "dry  washes,"  which  are  supposed  to  obviate 
the  use  of  the  hose.  We  are  instructed  to  take  a  piece  of 
cheesecloth  with  some  of  this  substance  on  it  and  wipe 
off  the  mud.  The  result  is,  of  course,  that  the  mud 
gathers  on  the  cloth,  abrading  and  scratching  the  sur- 
face.    These  scratches  and  abrasions  very  soon  develop 
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into  checks  and  cracks  and,  with  the  expansion  and  con- 
traction of  the  surface,  the  job  is  naturally  rapidly 
ruined. 

As  far  as  soap  is  concerned,  the  same  oils  that  are 
used  in  making  soaps  are  used  in  making  varnish.  If  a 
soap  contains  free  alkali,  and  most  soaps  do,  when  it 
comes  to  cutting  the  oil  and  the  grease,  and  they  are  used 
on  the  finish-coat  to  excess,  or  improperly,  they  will 
naturally  tend  to  destroy  the  life  of  the  finish  by  a  gradual 
chemical  action  of  the  alkali  on  the  oils  in  the  varnish. 

Question: — What  is  the  proper  way  of  preparing  a 
surface  for  the  primer  coat? 

Answer: — I  believe  that  nothing  can  compete  with 
the  properly  dried  sand-blast.  Many  shops  have  not  a 
proper  sand-blast,  and  there  some  other  method  is  neces- 
sary. Some  materials,  used  for  removing  rust,  cut  deep 
into  the  rust  and  take  it  off.  If  those  materials  are 
themselves  subsequently  removed  or  washed  off  with  a 
material  like  benzol,  and  the  job  perhaps  sprayed  with 
superheated  steam  and  then  coated  as  soon  as  it  is  dry. 
good  results  can  be  secured  without  the  use  of  a  sand- 
blast. 

Other  methods  that  are  used  lead  to  trouble.  One  of 
these  is  the  use  of  the  so-called  gasoline  that  we  get  now 
as  a  final  and  complete  wash  for  automobile  bodies. 
The  ordinary  gasoline  of  today  contains  considerable 
high-boiling  material  that  used  to  be  sold  under  the 
names  of  kerosene,  cylinder  and  fuel  oils  and  road  tar, 
and  it  is  a  risky  thing  to  use.  A  better  method,  by  far, 
is  to  use  benzol  or  denatured  alcohol,  or  perhaps  give  a 
final  wash  with  these  materials  after  using  the  gasoline. 

Question  : — Will  an  all-metal  body  ever  be  finished  in 
color  and  baked  at  a  high  temperature? 

Answer: — "Ever"  is  a  long  word,  and  if  that  is  the 
crux  of  this  situation  I  will  say  "yes";  but  when,  I  do 
not  know.  It  is  also  a  question,  I  think,  of  whether  every- 
body wants  to  ride  in  an  all-metal  body.  The  wood  frame 
on  which  the  usual  body  is  built  is  a  wonderful  deadener 
for  rattles  and  other  noises.  While  certain  cars  will  un- 
doubtedly eventually  come  to  an  all-metal  body  and  be 
finished  with  black  material,  or  possibly  some  day  with 
a  colored  material,  I  think  there  are  features  of  the  all- 
metal  body  that  will  have  to  be  considered  in  addition  to 
the  question  of  whether  color  of  a  suitable  kind  can  be 
baked  on  it.  For  certain  production  purposes  the  all- 
metal  body  is  advisable  and  the  proper  way  to  finish  it  is 
with  a  material  that  can  be  baked-on  at  temperatures 
which,  the  body  being  all  metal,  we  can  afford  to  use. 

Question: — To  what  extent  is  China  wood-oil  used  in 
finishing-varnish  ? 

Answer: — It  is  used  to  a  large  extent  blended  with 
linseed-oil.  China  wood-oil  appeared  on  the  varnish- 
chemist's  horizon  about  20  years  ago;  in  many  cases  it 
was  originally  seized  on  as  a  material  for  making  cheap 
varnishes  that  would  dry  and  harden  rapidly.  However, 
it  possesses  very  many  valuable  features.  It  has  a  tough- 
ness and  resistance  to  moisture,  as  well  as  a  resistance 
to  alkali,  that  linseed-oil  does  not  possess.  Most  of  the 
good  varnishes  today  are  a  combination  of  linseed-oil 
and  wood-oil,  the  particular  combination  used  in  any 
given  varnish  varying  according  to  the  service  to  which 
the  varnish  is  to  be  put. 

Question  : — Is  varnish  affected  by  atmospheric  pollu- 
tion in  districts  where  there  are  coke-ovens  and  coaltar 
by-product  plants? 

Answer: — I  think  there  is  no  question  that  if  the  at- 
mosphere contains  a  large  amount  of  elements  such  as 
are  present  in  the  air  around  coke-ovens,  blast-furnaces, 
cement  plants  or  chemical  works,  these  materials  are  car- 


ried down  with  the  rain  onto  the  body  and  very  often 
help  to  stain,  and  sometimes  to  destroy,  finishing-varnish. 

Question: — Why  does  not  varnish  last  as  long  as  it 
used  to? 

Answer: — This  has  a  sort  of  familiar  sound.  The 
answer  is  that  it  does  and  it  does  not.  Today  it  is  pos- 
sible to  obtain  varnishes  of  at  least  double  the  durability 
of  the  best  varnish  that  existed  in  the  heyday  of  the 
old  carriage-business.  But,  who  ever  saw  a  Brewster 
brougham  going  down  a  side  street  at  60  m.p.h. !  It 
would  not  have  lasted  as  long  as  the  varnish.  In  addi- 
tion to  the  much  greater  severity  of  service  on  the  modern 
automobile  in  many  cases  varnish  is  used  on  automotive 
work  that  the  old  carriage-builder  would  hardly  have  used 
for  quick  repair-work.  In  other  words,  to  get  by  on 
somebody's  schedule,  or  somebody's  idea  of  drying  time, 
or  somebody's  idea  of  price,  varnishes  are  used  today  to 
finish  automobiles  that  are  far  inferior  in  elasticity  and 
durability  to  the  best  grades  of  carriage  varnish.  The 
automobile  is  out  more  of  the  time;  it  is  driven  faster; 
it  is  washed  more  carelessly ;  it  is  soaked  with  the  fumes 
of  gasoline  and  smeared  with  oil  and  grease.  Thus  the 
varnish  does  not  begin  to  have  the  chance  it  had  on  the 
old  carriage,  w:hich  was  lovingly  cared  for  by  some  coach- 
man who  had  been  with  the  family  for  many  years. 

On  the  other  hand,  varnishes  of  at  least  double  the 
durability  that  we  used  to  get  can  be  procured,  although 
of  course  no  varnish  today,  on  an  average  automobile, 
can  outlast  the  best  finishing-varnishes  on  the  carriage 
of  50  years  ago,  simply  because  the  use  to  which  the 
article  is  put  is  very  much  more  severe.  However,  we 
can  double,  treble  and  quadruple  the  durability  of  the 
usual  automobile-finish  by  using  the  best  materials  and 
methods  available. 

Question: — Should  varnish  be  aged  by  the  motor-car 
builder?     If  so,  why? 

Answer  : — If  he  buys  "that"  kind  of  varnish  he  ought 
to  age  it,  but  the  proper  answer  is  "no."  There  is  no 
reason  in  the  world  why  the  automotive  manufacturer 
should  buy  varnish  that  he  has  to  age.  The  material  is 
supposed  to  be  ripened  and  aged  properly  before  it  is 
sent  to  him.  Ageing  in  the  shop  is  not  very  likely  to  help. 
The  use  of  an  unripened  varnish  is  not  advisable  from 
any  angle. 

Question  : — Will  varnish  age  in  a  can  after  it  is  cured, 
or  must  a  certain  percentage  of  oxygen  be  allowed  to  get 
into  the  tank  to  age  it? 

Answer: — It  is  not  necessary  to  allow  a  certain  amount 
of  oxygen  to  get  into  the  tank  to  age  the  varnish.  If  the 
tank  is  constructed  so  that  a  large  amount  of  oxygen  can 
reach  it,  and  the  varnish  is  kept  there  long  enough,  it 
will  not  only  age  but  get  "past  the  cure";  it  will  absorb 
so  much  oxygen  that  it  will  lose  a  certain  amount  of  its 
initial  life  before  it  ever  goes  on  the  job. 

The  destruction  of  the  varnish  is  a  progressive  oxida- 
tion. This  progressive  oxidation  on  the  job  is  accelerated 
by  the  chemical  rays  in  the  sunlight  and  by  moisture. 
If  we  start  this  oxidation  by  admitting  too  much  air  to 
our  tank,  or,  as  some  do,  by  using  blown  oil  instead  of 
heat-bodied  oil  in  the  varnish  originally,  we  set  up  a  con- 
dition that  is  bad  and  leads  to  premature  perishing. 
A  perfectly  sealed  can  of  varnish  that  was  properly  aged 
when  the  can  was  first  filled  will  keep  indefinitely  if  stored 
under  the  proper  conditions. 

We  had  a  case  many  years  ago  of  a  shipment  of  var- 
nish sent  to  China.  After  keeping  it  out  there  30  or  40 
years  the  Chinaman  wrote  that  there  did  not  seem  to 
be  a  ready  sale  for  this  material  in  China,  and  he  wanted 
to  know  whether  we  would  be  willing  to  take  the  ship- 
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ment  back  and  exchange  it  for  house  paint.  So  the 
material  was  sent  back  to  us  and,  although  it  left  the 
plant  several  years  before  I  was  born,  I  enjoyed  testing 
it  when  it  arrived.  Both  the  body-varnish  and  the  rub- 
bing-varnish were  in  perfect  condition.  This  old  fellow 
had  evidently  kept  the  material  in  a  proper  kind  of  place. 
It  had  not  chilled.  If  there  had  been  the  slightest  oxygen 
leak,  the  varnish  would  have  been  ruined  for  use,  years 
previously. 

Question: — What  effect  will  a  mixture  of  banana  oil 
and  alcohol  have  when  used  as  a  body  polish? 

Answer: — Banana  oil  is  amyl  acetate,  which  is  a  fine 
solvent  for  every  kind  of  gum,  oil  and  everything  else 
that  ever  went  into  a  varnish.  Mixed  with  alcohol  it 
forms  about  as  destructive  a  combination  as  anybody 
could  get,  other  than  putting  in  a  little  TNT  to  go  along 
with   it. 

Question  : — What  makes  a  body  change  color  under 
rain? 

Answer: — The  bluish  appearance  that  is  seen  on  most 
automobile  bodies  if  it  rains  on  them  long  enough  is  due 
to  the  absorption  by  the  finishing-varnish  of  a  small 
amount  of  moisture.  When  this  moisture  is  in  the  fin- 
ishing-coat we  get  a  white  appearance  due  to  the  optical 
effect  of  having  two  things  of  different  refractive  value 
together;  particles  of  water  mingled  with  particles  of 
varnish.  In  some  cases,  if  the  rain  lasts  long  enough, 
the  white  appearance  becomes  permanent;  but  ordinarily 
it  disappears  with  the  first  sunshine.  If  a  bottle  ha'lf- 
filled  with,  say,  water  and  benzol,  two  perfectly  clear 
liquids,  that  would  correspond  to  perfectly  clear  varnish 
and  rain  water,  is  shaken  vigorously,  while  the  liquids 
are  mixed  they  will  appear  white,  whereas  neither  one 
of  them  has  changed  color  in  the  least.  The  same  effect 
takes  place  when  the  body-varnish  absorbs  moisture,  and 
it  disappears  when  the  moisture  disappears,  just  as  the 
two  liquids  mentioned  will  separate  and  both  be  as  clear 
as  ever. 

The  permanent  whitening  that  occasionally  takes  place 
on  automobile  varnish  is  due  to  a  chemical  change  in  the 
varnish  induced  by  either  prolonged  or.  frequent  wet- 
ting. In  that  case  the  drier  compounds  of  the  varnish 
take  on  a  molecule  of  water  and  become  hydrated.  In 
that  hydrated  condition  they  are  actually  white  and 
opaque. 

Question: — What  makes  the  outer  coat  or  finishing- 
varnish  peel  off  after  the  first  year? 

Answer: — Many  of  the  varnishes  used  as  a  finish- 
coat  are  lucky  to  get  by  the  first  half-year,  although 
usually  the  peeling  off  of  a  varnish  is  a  kind  of  destruc- 
tion that  ought  not  to  take  place.  If  the  under-coats  are 
px-oper  and  the  last  rubbing-coat  is  properly  surfaced 
before  the  finish  is  put  on,  the  varnish  ought  not  to  peel 
off.  It  should  perish  gradually.  The  actual  peeling  is 
due  to  some  condition  under  the  finish,  for  which  the 
finish  itself  is  not  to  blame. 

Question: — What  effect  has  salt  water  on  paint? 

Answer: — That  depends  on  the  pigment  that  is  con- 
tained in  the  paint.  On  the  varnish  itself  salt  water 
has  not  as  great  an  effect  as  fresh  water,  for  the  reason 
that  salt  water,  due  to  the  salt-content,  does  not  pene- 
trate the  varnish-film  as  readily  as  pure  distilled  water. 
The  allegation  that  salt  water  is  harder  on  varnish  than 
fresh  water  is  due  to  the  fact  that  many  of  the  varnishes 
used  on  vessels  on  the  seacoast  do  not  last  as  well  as  the 
same  materials  used  in  varnishes  for  boats  on  inland 
waters.  This  is  accounted  for  by  dry  salt,  which  acts  as 
an  abrasive,  being  deposited  by  the  salt  water  on  the 
deck  and  the  rails,  rather  than  by  the  action  of  the  salt 


Fig.  1 — Chart  .Showing  the  Proper  Correlation  of  Elasticity  in 
the  Various  Coats 

water  as  such.  Fresh  water  will  affect  varnish,  and 
usually  paint,  more  rapidly  than  salt  water. 

Question: — If  the  first  and  last  coats  give  the  best 
results  when  they  are  100  per  cent  elastic,  should  not 
the  center  coats  be  more  than  from  10  to  15-per  cent 
elastic? 

Answer: — Taking  into  consideration  the  number  of 
coats  it  is  necessary  to  put  on  an  automobile,  if  an  abso- 
lute parity  of  elasticity  from-  the  top  to  the  bottom  were 
maintained,  the  results  would  not  be  as  good  as  those 
given  by  the  curve  in  Fig.  1.  If  all  these  coats  had  ex- 
actly the  same  elasticity,  the  result  would  be  as  shown. 
The  top  coat,  of  course,  gets  the  bulk  of  the  wear-and- 
tear,  and  the  bulk  of  the  chemical  rays  of  the  sunlight, 
and  the  progressive  oxidation  or  rotting  goes  on  more 
rapidly  in  the  case  of  the  top  coat  than  of  those  under- 
neath. If  all  the  coats  had  the  same  elasticity,  the  last 
one  would  reach  a  low  point  of  elasticity  before  the  next 
underneath  did,  and  considerably  before  the  second  one 
underneath,  and  we  would  set  up  in  our  system  the  same 
result  that  we  would  get  if  we  upset  this  elasticity  curve 
to  start  with.  In  other  words,  the  finish  might,  and 
probably  would,  go  to  pieces  more  quickly  if  all  these 
coats  were  of  the  same  elasticity,  than  they  would  if 
we  had  a  proper  gradation  in  elasticity  from  the  primer 
to  the  finish. 

When  it  comes  to  a  boat,  or  a  front  door,  the  operation 
consists  of  only  three  or  four  coats,  and  it  is  safe  to  use 
these  three  or  four  coats  of  the  same  elasticity.  I  be- 
lieve that  is  the  best  practice  in  such  a  case.  The  best 
way  to  finish  a  boat  is  the  best  way  to  finish  the  wood 
wheel  I  spoke  of  at  the  beginning  of  this  discussion ; 
that  is,  put  on  a  proper  filler,  and  then  three  coats  of  the 
same  material;  that  does  not  apply  to  a  system  made  up 
of  five  different  types  of  material,  consisting  of  from 
5  to  10  or  12  coats. 

Question: — Should  the  user  inspect  his  paint  and  var- 
nish? 

Answer: — If  he  is  equipped  to  do  so,  yes;  otherwise 
he  would  be  wasting  his  time.  I  do  not  know  of  any  in- 
dustry in  which  the  user  of  any  material  ought  not  to  be 
equipped  to  test  it.  I  would  hate  to  run  a  varnish  fac- 
tory if  we  did  not  have  well  equipped  laboratories  in 
which  to  test  all  the  materials  we  use.  The  same  thing 
applies  to  an  automobile  factory  or  any  other  large  in- 
dustrial organization. 
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Question: — Does  the  percentage  of  non-volatile  mate- 
rial affect  the  elasticity  factor?  Does  not  the  percentage 
of  the  thinner  change  the  elasticity  factor  for  the  same 
varnish  ? 

Answer: — The  percentage  of  the  thinner  in  itself  has 
no  effect  on  the  elasticity  of  the  residual  material.  On 
the  other  hand,  the  ultimate  durability  of  the  finishing- 
varnish  will  vary  directly  with  its  thickness.  Therefore, 
if  we  have  two  varnishes  in  which  the  non-volatile  con- 
tent is  different  but  the  elasticity  the  same,  the  one  that 
will  yield  the  heavier  coat  will  retain  its  elasticity  longer, 
and  consequently  wear  longer.  To  a  certain  extent,  the 
amount  of  the  volatile  content  of  the  material  has  an 
effect  on  the  ultimate  elasticity  on  the  job,  although  it  is 
an  indirect  one;  it  is  easier  to  oxidize  completely  through 
a  thin  coat  of  material  than  through  a  thick  one.  By 
"oxidation"  in  this  case  I  mean  the  final  oxidation  that 
takes  place  when  the  varnish  rots  and  perishes. 

Question  : — Is  it  good  practice  to  heat  metal  to  reduce 
the  strains  due  to  cold-punching  and  other  mechanical 
operations,  and  cool  slowly  before  applying  paint  coats? 

Answer: — I  doubt  it.  Unless  the  metal  as  designed 
sets  up  such  strains  that  it  is  likely  to  pull  apart  itself, 
the  amount  of  strain  that  it  can  induce  in  the  finishing- 
coats  due  to  its  not  being  properly  annealed  would  be  ab- 
solutely negligible.  The  fact  that  varnish  goes  to  pieces 
on  the  cowl  of  an  automobile  more  readily  than  on  the 
rest  of  the  car  is  due  entirely  to  the  angle  of  exposure 
and  not  at  all  to  the  internal  stresses  or  the  actual  or 
imaginary  porosity  of  the  material.  As  a  matter  of  fact, 
the  more  porous  it  was,  the  better  shape  it  would  be 
in  to  take  the  primer.  No  matter  how  porous  it  became, 
it  could  hardly  become  as  porous  as  the  wood  that  form- 
erly was  used  for  the  same  purpose  and  gave  great  satis- 
faction. 

Question: — What  is  the  best  method  of  eliminating 
mud-spotting  on  finishing-varnish? 

Answer: — There  are  certain  exposures  to  mud  that 
will  spot  almost  any  varnish,  even  the  most  waterproof 
material  used  for  a  chassis.  If  mud  of  a  very  alkaline 
nature  gets  on  the  varnish  when  the  latter  is  fresh,  and 
is  left  on  until  the  mud  dries  to  a  thoroughly  hard  cake, 
it  will  leave  a  spot  that  will  sometimes  disappear,  and 
sometimes  wall  not.  On  the  ordinary  job,  that  is  any- 
where near  properly  cared  for,  sunlight  as  a  rule  will 
remove  the  spots ;  if  not,  wiping  off  with  the  material 
that  used  to  be  known  as  lemon  oil  will  usually  take  out 
the  spots.  Sometimes  it  requires  more  than  one  opera- 
tion to  do  this.  The  only  way  to  get  rid  of  those  spots 
is  to  dry-out  the  moisture  that  caused  them. 

Question: — What  is  your  opinion  of  the  humidity 
control  in  the  accelerated  drying  systems? 

Answer: — The  humidity  certainly  should  be  con- 
trolled in  the  accelerated  drying  systems,  although,  when 
the  materials  are  dried  at  low  temperatures,  which  are 
cemmonly  used,  the  addition  of  humidity  is  not  as  neces- 
sary as  is  sometimes  supposed;  but  if  the  higher  tem- 
peratures are  used,  it  is  necessary  to  have  a  certain 
amount  of  humidity  in  the  air  to  hold  back  the  evapora- 
tion of  the  volatile  material.  In  other  words,  if  a  car 
were  rushed  into  a  very  hot  oven  that  was  absolutely 
dry,  the  solvent  would  try  to  "jump  out"  at  once,  and  the 
case-hardened  effect  would  naturally  follow.  The  use 
of  humidity  is  to  hold  back  the  evaporation  of  these  sol- 
vents ;  to  give  the  job  the  proper  chance  to  season  through. 
Of  course  if  humidity  is  used,  it  should  be  under  control. 

Question: — What  causes  float  in  color  varnishes? 

Answer: — To  get  the  desired  shade  many  color-var- 
nishes contain  several  different  pigments.     Hardly  any 


two  pigments  are  of  the  same  specific  gravity.  The 
light  ones  tend  to  come  to  the  top,  and  the  heavy  ones 
to  go  to  the  bottom.  The  result  is  a  float  that  sometimes 
causes  trouble.  The  proper  balancing  of  the  different 
pigments,  keeping  them  as  close  together  in  specific 
gravity  as  possible,  their  extremely  fine  grinding  and 
the  proper  application  are  the  only  things  that  will  avoid 
trouble  in  a  color  that  is  likely  to  float.  The  trouble 
usually  appears  when  one  part  of  a  panel  is  brushed 
very  much  longer  than  the  other,  and  more  of  the  light- 
weight material  is  taken  off  one  part  of  the  panel  than 
the  other,  thereby  producing  various  shades. 

Question: — Is  varnish  a  mechanical  mixture  of  the 
molecules  of  the  gum  and  the  oil?  If  so,  what  are  the 
molecules  in  chemical  symbols?  If  not,  what  is  the 
symbol  of  a  molecule  of  varnish?  Can  you  show  by 
chemical  symbols  the  change  that  takes  place  in  varnish 
as  it  is  drying,  and  again  its  condition  when  it  gets  old 
and  is  cracking? 

Answer: — The  question  of  whether  varnish  is  a 
mechanical  mixture  or  a  chemical  compound  or  merely 
a  colloidal  suspension  is  one  that  is  still  up  for  debate. 
Some  parts  of  the  varnish  are  mechanical  mixtures,  some 
are  chemical  compounds  and  some  are  undoubtedly  col- 
loids. Exactly  which  is  which  is  very  difficult  to  say. 
The  combinations  of  the  metallic  driers  and  the  oil  and 
the  rosin  acids  are  definite  chemical  compounds.  Whether 
there  is  a  chemical  reaction  between  the  gums  and  the 
oils  is  not  always  apparent.  No  chemical  action  takes 
place  between  the  thinners  and  the  gum-oil  base  of  the 
varnish.  The  only  way  to  keep  such  a  collection  as  that 
under  control  is  to  watch  every  step  in  the  manufacture 
with  extreme  care. 

Question: — Why  is  it  necessary  to  reject  varnish 
after  experts  have  tested  and  shipped  it? 

Answer:- — It  is  not  always  rejected  by  experts.  Or 
the  experts  who  originally  passed  it  may  not  have  been 
as  expert  as  they  were  supposed  to  be.  Some  varnish 
is  rejected  that  should  be  retained  and  some  varnish  is 
retained  that  should  be  rejected. 

Question: — What  is  an  ideal  baking-temperature  for 
black  japan  or  enamel  on  metal,  considering  cost,  quality 
and  durability? 

Answer: — I  do  not  feel  very  wrell  equipped  to  answer 
that,  as  I  have  had  very  little  experience  with  materials 
of  that  sort. 

Question: — What  are  the  characteristics  of  a  good 
wheel-primer? 

Answer: — A  good  wheel-primer  is  one  that  sticks  to 
the  wheel  and  allows  the  subsequent  coats  to  stick  to  the 
primer.  A  good  wheel-primer  as  a  rule  should  be  a  clear 
material,  to  allow  inspection  of  the  wheel  after  it  arrives 
at  the  automotive  plant.  It  should  be  a  primer  that  nat- 
urally will  adhere  properly  to  the  wood  and  have  the 
requisite  elasticity  and  hardness  to  take  the  subsequent 
coats.  This  refers  to  wooden  wheels.  Practically  the 
same  answer  would  hold  good  for  metal  wheels,  although 
in  that  case  it  does  not  make  any  difference  whether  the 
primer  is  clear  or  pigmented. 

A.  I.  Stevens: — There  seems  to  be  a  strong  demand 
from  the  automobile  body-builder  to  standardize  more 
or  less  on  paint-shop  practice  and  the  materials  used 
therein.  In  view  of  the  variables  in  the  manufacture 
and  testing  of  varnishes  themselves,  w7ould  it  not  be  dif- 
ficult to  accomplish  the  standardization  for  which  the 
body  builders  are  striving? 

L.  V.  Pulsifer  : — By  that  do  you  mean  standard  speci- 
fications for  material  or  something  of  that  sort? 

Mr.  Stevens: — Standard  specifications  with  regard  to 
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viscosity  and  a  printed  standardization  of  quality  of  the 
varnish  itself. 

Mr.  Pulsifer: — I  think  the  whole  question  of  what 
is  the  best  varnish  for  any  given  purpose  is  still  too 
much  involved  to  talk  very  strongly  about  writing  auto- 
motive-varnish specifications.  The  United  States  Gov- 
ernment has  written  very  many  varnish  specifications; 
some  have  been  good  and  some  have  not ;  but  I  never 
have  heard  that  the  use  of  those  specifications  has  been 
of  any  great  help.  An  automobile  varnish  is  a  com- 
plicated thing.  When  it  comes  to  a  product  like  exterior 
house-paint,  it  is  usually  easier  to  write  specifications 
that  will  be  of  some  value,  and  that  can  be  checked  up. 
When  it  comes  to  the  specifications  written  by  an  auto- 
mobile builder  for  a  given  varnish  or  a  paint  material, 
I  think  the  state  of  the  art  in  the  automotive  industry 
today  is  at  a  point  where  those  things  are  likely  to  cause 
more  trouble  than  good.  However,  the  automotive  com- 
pany or  the  user  of  any  of  these  materials  should  most 
certainly  know  what  the  various  desirable  qualities  of 
varnish  are.  They  should  have  within  their  personnel 
some  one  who  is  equipped  to  make  proper  estimates ; 
but  drawing  definite  specifications,  that  the  gravity  and 
the  viscosity  shall  be  such  and  such,  winding  up  with 
material  specifications  of  some  sort,  as  a  rule  leads  to 
more  trouble  than  value. 

The  user  of  the  product  should  cooperate  with  the 
people  from  whom  he  is  trying  to  buy  it,  and  work  out 
the  best  material  for  his  particular  operation  for  the 
particular  thing  he  is  trying  to  arrive  at;  and  then  have 
within  his  possession  the  necessary  knowledge  to  check 
deliveries  against  the  data  arrived  at  under  that  co- 
operation. 

Mr.  Stevens: — I  find  that  I  agree  with  Mr.  Pulsifer 
after  all. 

E.  Planche: — With  the  instructions  that  Mr.  Pulsifer 


has  given  us,  together  with  a  good  quality  of  material, 
under  the  present  use  of  an  automobile  in  all  kinds  of 
weather,  how  long  should  the  luster  on  the  finish  of  the 
body  last? 

Mr.  Pulsifer: — An  arrangement  such  as  is  shown  in 
Fig.  1,  with  a  varnish  that  showed  100-per  cent  reduc- 
tion with  the  Kauri  test,  a  properly  engineered  system 
and  anything  like  decent  care,  should  go  safely  through 
at  least  a  year.  Most  automobiles  at  the  end  of  a  year 
have  been  scratched,  bumped  or  dented  to  such  an  extent 
that  they  require  refinishing.  A  system  such  as  that 
referred  to  in  which,  as  I  say,  the  final  coat  was  be- 
tween 80  and  100  points  in  elasticity,  ought  to  go  through 
a  year  to  a  year  and  a  half  in  normal  use.  Of  course, 
under  abnormal  use  or  under  abuse  that  time  might  be 
reduced  to  a  few  months  or  even  a  few  weeks.  It  is 
possible,  by  beginning  to  increase  the  elasticity  of  the 
material  in  the  rubbing-coats  and  reaching  an  elasticity 
in  the  last  coat  before  the  finish  of  say  70  or  80,  and 
then  putting  on  a  finishing-varnish  of  an  elasticity  that 
is  practically  double  the  normal  amount,  to  run  that  life 
up  to  2  or  3  years  with  anything  like  good  service  con- 
ditions. Of  course,  many  jobs  are  so  engineered  and 
so  finished  that  if  they  were  finished  with  the  A  varnish 
in  Table  1  that  had  an  elasticity  factor  of  10,  a  rather 
thin  film-factor  of  35  and  a  total  estimated  service  figure 
of  45,  the  expected  life  could  not  exceed  from  4  to  6 
months  at  the  best,  especially  on  the  parts  of  the  job 
that  were  exposed  flat  or  up  to  about  45  deg. 


TABLE    1 — SERVICE-DURABILITY 

RATINGS 

OF 

FOUR    FINISH- 

ING-VARNISHES 

Finishing-Varnishes 

A 

B 

c 

D 

Elasticity   Factor 

10 

60 

90 

160 

Moisture  Resistance 

0 

10 

20 

■50 

Film  Factor 

35 

47 

52 

36 

Service-Durability  Rating 

45 

117 

162 

246 

RESERVE-RATIO  OF  FEDERAL  RESERVE  BANKS 


THE  amount  of  reserve  required  for  a  bank  that  is  a  mem- 
ber of  the  Federal  Reserve  System  depends  on  the  size 
of  the  community  in  which  the  bank  is  located  and  the  nature 
of  its  deposits.  On  the  average  throughout  the  country  the 
reserve  required  for  a  member  bank  is  about  10  per  cent  of 
the  amount  of  its  deposits  payable  on  demand.  In  the  same 
way,  Reserve  Banks  must  keep  in  reserve  a  certain  propor- 
tion of  their  funds,  and  because  of  the  fact  that  the  Reserve 
Banks  carry  reserves  for  other  banks,  the  percentage  is  much 
higher,  35  per  cent  of  the  amount  of  their  deposits,  and  40 
per  cent  of  the  amount  of  their  notes;  but  for  purposes  of 
convenience  and  ease  of  reference  the  published  reserve  per- 
centage is  a  single  figure.  This  figure  is  the  proportion  that 
the  total  reserves  bear  to  the  amount  of  both  deposits  and 
notes.  Thus  a  75-per  cent  reserve-ratio  or  percentage  means 
that  the  Reserve  Banks  have  reserves  in  gold  or  lawful  money 
that  amount  to  three-quarters  of  the  sum  of  their  deposits 
and  notes. 

The  reserve-ratio  of  the  Reserve  Banks  may  therefore  be 
affected  by  any  one  of  three  factors,  a  change  in  the  amount 
of  cash  reserves,  a  change  in  the  amount  of  note  issues  or  a 
change  in  the  amount  of  deposits.  Changes  in  the  cash  re- 
serves, however,  affect  the  ratio  more  than  do  changes  in 
either  of  the  other  two  items. 

Present  conditions  are  not  such  that  the  gold  reserves  of 


the  Federal  Reserve  Banks  remains  stationary.  In  the  past 
2  years  it  has  increased  more  than  $1,000,000,000,  practically 
all  of  which  represents  importations  of  gold.  In  the  early 
stages  of  the  gold  movement,  when  the  gold  found  its  way 
into  the  Reserve  Banks  it  paid  debts  owing  by  the  member 
banks;  latterly  it  has  permitted  the  member  banks  to  in- 
crease their  deposits  to  the  highest  point  ever  reached  and  at 
the  same  time  to  maintain  the  reserves  that  the  law  requires 
with  very  little  borrowing  from  the  Reserve  Banks. 

The  combined  effect  of  these  huge  gold  imports,  increasing 
the  reserves,  and  of  simultaneous  heavy  redemptions  of  Fed- 
eral Reserve  notes,  decreasing  the  liabilities,  has  been  to 
bring  about  the  present  reserve-ratio  of  approximately  77.0 
per  cent,  which  compares  with  the  ratio  of  85.0  per  cent 
when  America  entered  the  war  and  the  ratio  of  42.5  per  cent 
in  the  autumn  of  1920  when  the  credit  strain  was  at  its  peak. 

The  present  high  reserve-ratio,  then,  is  in  large  part  due  to 
the  recent  flow  of  gold  to  the  United  States  from  countries 
that  for  the  time  being  are  not  on  the  free  gold  basis  that 
obtained  before  the  war.  A  return  to  such  a  basis,  under 
which  gold  would  flow  back  freely  into  or  out  of  such  coun- 
tries in  settlement  of  international  balances,  would,  if  out- 
balances were  adverse,  cause  a  corresponding  outflow  of  our 
gold.  This  would  decrease  our  reserve-ratio,  exactly  as 
recent  imports  have  increased  it. — Monthly  Review. 
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ASSUMING  that  flying-boat  service  is  safe,  the 
author  enumerates  some  of  the  reasons  people 
hesitate  to  fly,  inclusive  of  the  difficulty  of  reaching  an 
airport  and  the  inconveniences  of  embarking.  He 
states  that  when  the  danger  to  which  the  passenger 
believes  he  is  exposed  is  added,  the  total  deterrents 
constitute  a  considerable  preventative  of  the  adoption 
of  aviation  by  the  public. 

He  adds  that  the  recent  issuance  by  the  insurance 
companies  of  what  might  be  termed  a  bet  of  $25,000 
with  any  adult  who  will  fly,  at  odds  of  1000  to  1,  that 
he  will  arrive  safely  at  the  destination,  is  proof  that 
flying  in  a  sound  commercial  seaplane  is  safe  at  pres- 
ent, and  he  believes  the  same  guarantee  could  be 
secured  from  insurance  companies  for  airplane  passen- 
gers flying  along  properly  organized  routes  over  land. 

THE  average  person  believes  that  aviation  is  a 
hazardous  occupation  to  be  connected  with.  When 
he  is  invited  to  fly,  his  usual  first  impression  is 
that  he  is  going  in  for  an  experience  that  he  prob- 
ably will  not  have  again.  He  takes  the  opportunity  of 
going  through  what  he  considers  a  thrilling  experience 
so  that  he  will  be  able  to  tell  his  acquaintances  that  he 
has  flown  in  the  air.  It  is  conceded  by  everyone  in  avia- 
tion that  thousands  of  people  have  flown,  and  this  is  a 
simple  concession  when  one  stops  to  consider  that  there 
are  at  least  100,000,000  people  in  the  United  States  who 
could  fly  as  passengers.  But,  out  of  that  number,  the 
few  thousands  who  have  flown  do  not  make  up  a  very 
remarkable  percentage. 

How  much  serious  thought  has  ever  been  given  to  what 
are  known  as  the  "repeats"  ?  By  repeats  I  mean  persons 
who  having  flown  once,  let  us  say  for  business  reasons, 
find  this  mode  of  travel  economical,  fast  and  comfortable 
and  are  willing  to  undertake  other  flights  for  the  reason 
that  such  flights  are  beneficial  to  their  business.  I  think 
that  it  will  be  found  that  the  majority,  if  not  all.  of  the 
people  who  have  flown  once  to  get  this  experience  have 
not  undertaken  a  second  flight.  There  must  be  a  reason 
for  this.  We  all  know  that  aviation  is  comparatively 
safe ;  so,  for  the  sake  of  argument,  let  us  forget  the  ques- 
tion of  safety  in  aviation  and  confront  ourselves  with  the 
problems  that  are  likely  to  affect  the  mind  of  the  average 
person. 

First,  there  is  the  difficulty  that  prospective  passengers 
have  in  reaching  the  flying-fields  or  airports.  Perhaps 
this  is  the  most  vital  of  all  the  business-getting  prob- 
lems. Few  members  of  the  traveling  public  are  willing 
to  sacrifice  themselves  in  any  way  in  traveling  by  an 
interurban  trolley-car  or  an  automobile  to  some  landing- 
field  that  is  on  the  edge  of  the  suburbs  of  a  city.  If  the 
day  is  cloudy,  cold  or  rainy,  there  are  even  greater  diffi- 
culties such  as  muddy  grounds,  the  possibility  of  not  be- 


Aviation  insurance  manager.  Johnson  &  Hig 


New  York  City. 


ing  able  to  fly  and  the  discomforts  that  accompany  bad 
weather.  Thousands  of  people  have  not  flown  and  have 
not  even  seriously  considered  flying  on  account  of  this 
alone.  A  taxicab  will  call  at  their  door  and  deposit  them 
inside  a  warm,  well  ventilated  and  well  lighted  railroad 
station  where  their  train  waits  with  all  the  modern  com- 
forts. Consider  the  modern  railroad  station  for  a  mo- 
ment and  compare  it  with  the  modern  airport.  Is  there 
any  inducement  to  fly? 

Second,  the  passenger  arrives  at  an  airport  fully  pre- 
pared to  fly,  and  pays  the  rather  excessive  rates  that  are 
charged  for  air  travel.  In  the  case  of  seaplanes,  he  has 
to  climb  aboard  a  small  open  boat  and,  after  much  shout- 
ing and  hauling  around  the  bay,  the  boat  finally  draws 
up  alongside  the  seaplane  from  which  are  issued  the 
admonitions  to  the  boatman:  "Be  careful.  Do  not  bump 
the  wing.  Swing  around  and  try  it  again.  Hold  it  off 
the  nose,"  and  several  other  cautionary  orders  to  keep 
the  boat  from  breaking  what  the  passenger  believes  to  be 
a  sound,  stable  aircraft.  Finally,  after  swaying  and 
swinging  to-and-fro,  he  performs  an  acrobatic  feat  and 
gets  aboard  the  seaplane.  In  the  case  of  airplanes  that 
take-off  from  a  landing-field,  the  passengers,  aided  by  the 
pilot,  climb  up  a  rather  rickety  ladder  from  uneven 
ground  into  a  cabin  having  exceedingly  close  quarters 
for  a  limited  number  of  passengers.  The  roar  of  the  en- 
gine is  to  be  considered  and  also  the  various  incon- 
veniences of  taking-off;  as  well  as  the  troublesome  form 
of  exit  after  landing.  Adding  to  these  deterrents  the 
danger  that  the  passenger  believes  he  has  been  under- 
going, we  have  a  considerable  setback  for  the  adoption 
of  aviation  by  the  public. 

Dangers  of  Flight 

How  dangerous  is  it  to  fly?  The  insurance  companies 
recently  have  issued  what  might  be  termed  a  bet  of  $25,- 
000  to  any  man  or  woman  who  will  fly,  at  odds  of  1000  to 
1,  that  he  or  she  will  arrive  safely  at  the  destination. 
The  effect  of  such  a  bet  as  1000  to  1  is  to  prove  that 
flying  in  a  sound  commercial-seaplane  line  is  safe  at  the 
present  stage,  and  that  this  rate  wall  be  reduced  even 
further  after  future  experience.  Properly  organized 
airplane-routes  over  land,  having  a  sufficient  number  of 
intermediate  emergency  landing-fields,  could  easily  secure 
this  bet  of  1000  to  1  on  the  safety  of  airplane  passengers. 

We  must  "boost"  aviation  by  all  means  and  impress 
the  public  with  its  safety  and  its  speed,  but  we  must  find 
ways  and  means  to  overcome  such  obstacles  as  we  are 
facing  at  present  that  really  have  nothing  to  do  with  the 
construction  of  planes  themselves.  We  have  sufficient 
aircraft  speed  and  safety,  but  we  do  not  have  the  con- 
veniences. Without  the  conveniences,  the  public  will  not 
consider  flying. 

[The  discussion  of  this  paper  is  printed  on  p.  352.] 
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Motor-Transport  Performance  with 
Varied  Fuel-Volatility 


By  C.  T.  Coleman1 


Semi-Annual  Meeting  Paper 


Illustrated  with  Charts 


THE  paper  is  a  presentation  of  data  obtained  regard- 
ing the  economic  operation  of  motor  vehicles  with 
fuels  of  varied  volatility,  under  service  conditions.  The 
entire  fleets  of  motor-transportation  units  used  by  the 
Post  Office  Department  in  Philadelphia  and  in  Pitts- 
burgh were  made  available  for  these  tests,  the  resulting 
data  being  summarized  in  the  tables  and  charts,  and 
commented  upon  briefly. 

The  test  procedure  is  described  and  the  method  of 
examining  the  used-oil  samples  for  the  percentage  of 
dilution,  changes  in  viscosity,  flash-point  and  fire-test, 
is  explained,  inclusive  of  the  tabulated  results. 

While  the  results  may  not  hold  true  for  cold-weather 
operation,  they  show  that  the  number  of  car-miles  per 
barrel  of  crude  oil  increases  as  the  volatility  of  the 
fuel  decreases,  over  the  range  of  fuels  used.  This  is 
true  because  the  percentage  of  production  per  barrel 
of  crude  oil  is  increased,  while  the  number  of  car- 
miles  per  gallon  of  fuel  is  not  affected  materially  by 
the  variation  in  the  volatility  as  represented  by  the 
four  fuels  used. 

IN  order  that  natural  resources  might  be  conserved 
and  the  ever-increasing  number  of  motor  vehicles 
supplied  with  fuel,  every  effort  has  been  made  in 
the  past  few  years  to  refine  all  the  gasoline  possible  from 
each  barrel  of  crude  oil  and  still  furnish  a  satisfactory 
fuel.     If  a  fuel  of  higher  end-point,  or  lower  volatility, 
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TABLE   1 — CLASSIFICATION   OF  THE   FLEET  UNITS 
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I  Fueh  85 Per  Cent-  Production  per  Barrel  Crude  Oil 
B  Fuel  -100  Fer  Cent  Production  per  Barrel  Crude  Oil 
_  C  Fuel  =  IIS  Per  Cent  Production  per  Barrel  Crude  Oil _ 
D  Fuel  -127  Per  Cent  Production  per  Barrel  Crude  Oil 
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Fig.   1 — Distillation  Curves  of  the]  Four  Test-Fuels 

could  be   used   economically,    gasoline    production    could 
be  increased,  thus  postponing  possible  future  shortage. 
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To  the  end  that  some  information  might  be  available 
regarding  the  economic  operation  of  motor  vehicles  with 
fuels  of  various  volatilities,  it  was  believed  that  a  series 
of  tests  made  under  service  conditions  would  furnish 
valuable  data. 

A  request  was  therefore  made  to  the  Post  Office  Depart- 
ment for  cooperation  in  a  test  of  this  kind.  That  De- 
partment readily  agreed  and  placed  at  the  disposal  of  the 
Bureau  of  Standards,  for  the  purpose  of  test,  its  entire 
fleets  of  motor-transportation  units  in  Pittsburgh  and 
in  Philadelphia.  Much  credit  is  due  the  Post  Office  De- 
partment and  the  personnel  at  Pittsburgh  and  at  Phila- 
delphia for  the  manner  in  which  these  tests  were  con- 
ducted. The  personnel  of  the  fleets  in  both  these  cities 
made  every  effort  to  cooperate  with  the  Bureau  of 
Standards'  representative,  and  the  results  obtained  are 
a  tribute  to  the  efficiency  of  the  personnel  conducting  it. 
The  combined  fleets  represented  some  237  units  of  trans- 
portation, classified  as  shown  in  Table  1.  The  Philadel- 
phia fleet  consumes  approximately  1000  gal.  of  fuel  per 
clay,  while  the  fleet  in  Pittsburgh  requires  approxi- 
mately 700  gal.  of  fuel  per  day.  This  combination  pre- 
sented two  excellent  features;  first,  a  rather  large  num- 
ber of  trucks  well  divided  in  respect  to  tonnage  and 
make;  second,  two  distinct  types  of  operating  conditions, 
inasmuch  as  Philadelphia  has  comparatively  smooth 
streets  with  few  hills,  while  in  Pittsburgh  the  majority 
of  the  streets  have  a  very  rough  surface  and  there  are 
many  hills. 

After  a  conference  with  representatives  of  the  Ameri- 
can Petroleum  Institute,  the  Society  of  Automotive  En- 
gineers, the  Bureau  of  Mines  and  the  refiners,  it  was 


1  M.S.A.E. — Associate  mechanical  engineer,   Bureau  of  Standards. 
City  of  Washington. 


TABLE  2 — ESTIMATED  PRODUCTION  OF  THE  FOUR  TEST- 
FUELS 
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Grade  A, 
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TABLE    3 — TEST    RUNS    IN    PHILADELPHIA    FOR    4    WEEKS    ON  THE  ECONOMIC  VOLATILITY  OF  FUELS 
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Car  No. 
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Fuel  Consumption,  Miles  per  Gal. 
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Fig.  2 — Chart  Showing  the  Mileage  per  Gallon  Obtained  at 
Pittsburgh  with  Different  Makes  of  Vehicle 

decided  that,  for  comparative  purposes,  the  same  four 
fuels  should  be  used  in  this  test  as  were  to  be  used  in  the 
Society  of  Automotive  Engineers'  Cooperative  Fuel 
Tests.  These  fuels  are  styled  Grades  A,  B,  C  and  D. 
Grade-Z?  fuel  represents  the  average  commercial  gaso- 
line on  the  market  at  present,  and  is  used  as  a  compara- 
tive or  reference  fuel.  Grade-.4  fuel  is  of  higher  vola- 
tility, or  lower  end-point.  Grades-C  and  D  fuels  repre- 
sent lower  volatility  and  higher  end-point  in  the  order 
of  their  alphabetical  designation. 

The  average  distillation-curves  for  the  fuels  used  are 
shown  in  Fig.  1.  Compared  to  Grade-B  fuel,  these  fuels 
represent  the  average  production  per  barrel  of  crude 
oil  shown  in  Table  2. 

In  testing  these  fuels  the  following  relative  informa- 
tion was  sought: 


(1) 
(2) 

(3) 


Miles  per  gallon  compared  to  Grade-B  fuel 
Crankcase    dilution    in    the    engines   run   on   these 
fuels  as  compared  to  dilution  using  Grade-Z?  fuel 
Performance  in  service,  particularly  as  to  starting- 
of  engines,  idling  and  general  operation 


Test  Procedure 

The  following  methods  of  test  were  used:  The  trans- 
portation units  in  Pittsburgh  and  in  Philadelphia  were 
each  divided  into  two  equal  parts  or  sections  designated 
as  Section  No.  1  and  Section  No.  2.  In  dividing  the 
units,  one-half  of  the  total  number  of  each  make  of  truck 
was  placed  in  each  section.  This  method  gave  two  sec- 
tions equal  in  respect  to  the  number  of  vehicles  as  well 
as  to  the  capacities  and  makes. 

One  section  of  the  fleet  was  at  all  times  operated  on 
Grade-B  fuel  in  order  that  differences  due  to  changes  in 
weather  conditions  might  be  noted  and  allowed  for  in  the 
final  comparisons.  Each  truck  in  Section  No.  1  was  desig- 
nated by  the  numeral  1,  placed  in  some  convenient  place 
to  be  recognized  by  the  truck  dispatcher  and  the  men 
putting  fuel  into  the  tanks.  The  same  method  was  ap- 
plied to  Section  No.  2,  where  the  numeral  2  was  placed. 

From  each  section,  three  trucks   of  each  make  were 
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Fig.  3 — Chart  Showing  the  Mileage  per  Gallon  Obtained  at 
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Explanatory  Notes  for  Table  3 

(1)  Pouch    Service — Carrying    pouches    or    first-class,    special    and    registered    mail,    from    the    Central    Post   Office    to    and 
Pos?  Offloear'°US  sub_statlons-     The   trucks  are  handicapped  by    the    congested    conditions    in    the    alleyway    at    the    Central 

(2)  Package-Box    Collections — Collection    of   mail    from    package  boxes. 

(3)  Reserve— Extra  cars  placed  in  service   when  regular  trucks   are   disabled   or  when   the   volume  of  mail    to   be   trans- 
ported   is    excessive. 


(4) 
(5) 

(fi) 
(7) 
(8) 


Service   Car — Stationed  at  the  Central   Post    Office   for    truck  repair  there  ;   responds   to   service  calls  alsn 
Letter-Box    Collection — Collecting    mail    from    letter-boxes. 

Interstation— Carrying   mail   between   the   Central   Post  Office  and  sub-stations:  same  handicap  as  for   (1) 
Parcel   Post — Delivery   of   parcel-post   mail.  y    ' 

Screen-Wagon— Hauling    mail    between    the    Central    Post   Office  and  the  railroad   deoot  •  same  handicap  as  fo 
(9)      Equipment   and  Repair  Truck— Used  for  repairing  letter-boxes,   box-posts   and   the   like 


r    it). 


00)      Registry    Truck— Hauls    registered    mail"  "between  'The'  CentrM  Pok"  Office  Tnd"  the"  Pennsylvania  Railroad   depot 
nn     Registry  Car — Hauls  registered  mail   to  the  banks. 
(12)      Truck  Supervision. 
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selected ;  the  crankcases  were  drained  of  used  oil  and 
new  oil  was  put  in  each  week  or  period  of  the  test.  At 
the  end  of  each  run  or  each  week  a  1-qt.  sample  was 
drained  from  each  engine  thus  selected  and  labeled  as  to 
the  truck  number,  the  make,  the  kind  of  fuel  and  the 
mileage.  Each  truck  was  labeled  with  the  letter  corre- 
sponding to  the  kind  of  fuel  on  which  it  was  operating. 
This  letter  was  placed  in  such  a  manner  that  mistakes 
were  unlikely  in  placing  the  proper  fuel  in  the  tank. 

The  schedule  of  test  was  as  follows: 

First  Week — Both  sections  were  run  on  Grade-B  fuel. 
All  trucks  were  drained,  the  fuel  was  placed  in  the 
tank  and  the  mileage  was  noted.  At  the  end  of  the 
week  the  fuel  remaining  in  the  tanks  was  drained 
and  measured,  and  this  amount  was  deducted  from 
the  total  fuel  put  into  the  tanks  during  the  run. 
The  mileage  was  noted  at  the  end  of  a  run 

Second  Week — Section  No.  1  continued  on  Grade-/?  fuel 
and  Section   No.   2   was   run   on  Grade- A   fuel ;   the 


same  procedure  was  followed  as  for  the  first  week. 

Third  Week — Section  No.  1  continued  on  Grade-B  fuel 
and  Section  No.  2  was  run  on  Grade-C  fuel,  follow- 
ing the  same  procedure  as  in  the  two  previous  runs 

Fourth  Week — Section  No.  1  was  again  continued  on 
Grade-Z?  fuel,  and  Section  No.  2  was  run  on  Grade-O 
fuel,  following  the  same  procedure  as  in  the  pre- 
ceding weeks 

As  each  shipment  of  fuel  was  placed  in  the  supply 
tanks,  a  1-gal.  sample  was  taken  and  labeled  as  to 
the  date  and  the  kind  of  fuel.  Distillations  were 
run  on  these  samples  to  check  the  fuel  delivered  by 
the  refinery.  All  samples  were  shipped  to  the  Bu- 
reau of  Standards  at  the  City  of  Washington,  where 
the  laboratory  tests  were  made 

Table  3  gives  the  individual  truck  averages  for  each 
week  of  the  four-week  runs.  A  wide  variation  will  be 
noted  in  miles  per  gallon  for  trucks  of  the  same  make, 
which  may  be  explained  by  differences  in  the  engine 
condition  and  adjustment,  the  type  of  service  and  the 


TABLE   5 — MISCELLANEOUS  DATA   ON    OIL   USED 


Philadelphia  Samples 
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0.901 

25.4 

253 

230 

455 

T. 

-    £ 

6,425 

116 

B 

1 

150 

302.0 

5.0 

0.89S 

25.9 

207 

210 

415 

~ 

^-: 

6.168 

96 

B 

1 

157 

314.6 

4  0 

0.901 

25.4 

254 

240 

455 

0.424 

137 

A 

0 

148 

298 . 4 

0.0 

0.898 

25  9 

225 

200 

405 

n£i 

6,169 

129 

A 

2 

145 

293.0 

13.0 

0.SSS 

'7   7 

123 

145 

190 

6,302 

156 

A 

2 

152 

305.6 

3.0 

0  901 

25  4 

255 

230 

(o) 
(6) 


Temperature  of  5-per  cent  distillation.  370  deg 
Insufficient  amount  ot"  oil. 


cent   (  69S  deg.  fahr. ) 


Vol.   XII 


April,   1923 


No.  4 


348 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


operators.  Table  3  also  gives  the  duties  of  the  trucks 
in  Philadelphia.  The  low  mileage  on  some  of  the  trucks 
used  in  letter-box  collection-service  can  be  understood 
better  when  it  is  realized  that  these  trucks  make  an 
average  of  some  300  stops  in  the  course  of  an  8-hr.  tour 
of  duty.  The  trucks  in  Pittsburgh  are  required  to  per- 
form service  similar  to  that  of  those  in  Philadelphia, 
except  that  the  %-ton  White  trucks  used  in  Pittsburgh 
for  letter-box  collection-service  do  not  make  as  many 
stops  in  a  tour  of  duty  as  do  the  Fords  in  Philadelphia. 
Table  4  gives  the  averages  of  individual  trucks  in  both 
fleets,  compared  with  Grade-B  fuel. 

It  will  be  noted  that  a  slightly  higher  mileage  was  ob- 
tained with  the  less  volatile  fuels.  This  can  be  explained 
by  the  fact  that,  as  the  volatility  is  decreased,  the  vis- 
cosity of  the  fuel  increases  and  therefore,  with  a  fixed 
carbureter-setting,  slightly  less  fuel  will  pass  through 
the  carbureter  jets  and  a  leaner  mixture  will  result. 
The  difference  in  mileage  therefore  is  due  to  a  change 
in  the  mixture-ratio  rather  than  in  the  fuel  volatility. 


The  curves  in  Figs.  2,  3  and  4  give  the  individual 
averages  of  trucks  in  both  cities  and  the  average  for 
both  fleets.  Curve  No.  1  for  each  make  of  vehicle  shows 
the  actual  percentage  of  change  before  any  correction 
has  been  made  for  the  change  in  the  operation  on  Grade-B 
fuel.     Curve  No.  2  shows  the  results  after  correcting. 

A  study  of  these  results  will  show  that  it'  seems  to 
make  very  little  difference  in  the  miles  per  gallon  when 
a  truck  is  operating  on  any  one  of  the  four  fuels,  under 
the  warm-weather  conditions  that  prevailed  while  this 
test  was  run,  and  within  the  range  of  accuracy  possible 
in  a  test  of  this  kind.  Little  or  no  trouble  was  experi- 
enced in  operating  on  the  various  fuels,  except  for  a 
slight  difficulty  in  starting  on  the  Grade-D  fuel  and  the 
necessity  of  more  throttle-opening  for  proper  idling. 

Method  of  Examining  Oil  Samples 

The  following  procedure  was  followed  when  testing 
used-oil  samples  for  the  percentage  of  dilution.  The 
initial-point  of  the  new  oil  was  ascertained  at  atmospheric 


TABLE  5 — MISCELLANEOUS  DATA  ON   OIL  USED — Concluded 


Philadelphia 

Samples 

Iuitial  Point 

Percentage 

Gravity 

Viscosity 

Kind 
of 

Make 
of 

Truck 
No. 

Number 
of 

Grade 
of 

Section 
No. 

Distilled 
at  300 

lit  loo 
Deg. 

Flash- 
point, 

Test, 

Oil 

Truck 

Miles 

Fuel 

Deg. 

Deg. 

Deg.  Cent. 

Fahr.. 

Deg. 

Deg. 

Cent. 

Fahr. 

(572  Deg. 
Fahr.) 

Specific 

Baume 

Saybolt 
Sec. 

Fahr. 

Fahr. 

850 

177 

B 

1 

M 

4.0 

0  903 

25  0 

337 

350 

460 

512 

2  1 5 

B 

1 

168 

334  4 

6.5 

0.899 

25   i 

171 

10 

406 

'd 

513 

356 

B 

1 

1 63 

:;l'.-,   1 

5.0 

0.900 

25    I 

260 

285 

455 

- 

o 

1,711 

287 

C 

o 

186 

366  8 

6.0 

0  901 

25.3 

248 

280 

410 

3 

1,710 

23S 

C 

2 

175 

347  i' 

6.5 

0.901 

25  3 

267 

255 

385 

1,708 

407 

C 

2 

190 

374.0 

6.0 

0.901 

25.3 

241 

270 

(no 

2,092 

362 

B 

1 

152 

305.6 

8.5 

0.898 

25.9 

210 

200 

390 

§ 

gci 

2.691 

134 

B 

1 

176 

348  8 

5.0 

0.899 

25.7 

241 

255 

1  0 

en 

2,679 

78 

B 

1 

167 

332.6 

5  0 

0.899 

25.7 

267 

255 

455 

-,  .-*. 

2,458 

368 

C 

2 

168 

334   -! 

18  5 

0.885 

2S.2 

115 

170 

225 

u 

2,463 

412 

C 

9 

170 

33S .  0 

17.0 

0.890 

27   2 

134 

190 

235 

s 

2,466 

270 

C 

o 

1S3 

361.4 

13.0 

0    S04 

26  6 

165 

210 

285 

~r 

3,033 

200 

B 

1 

s    0 

0.898 

25.9 

235 

205 

385 

fn 

z  _  ■ 

4,318 

103 

B 

1 

150 

302.0 

,  .  o 

i:    S'i, 

26.0 

-'50 

185 

300 

1  .  s.-„x 

136 

B 

1 

3  5 

0.901 

25.4 

293 

270 

445 

.  <*. 

1,304 

240 

C 

9 

160 

320.0 

13.5 

II    SOI 

27.1 

175 

180 

245 

4.319 

245 

C 

9 

160 

320.0 

9.0 

0.898 

25.9 

200 

210 

340 

- 

4,851 

108 

c 

9 

173 

343.4 

6.5 

0    SOS 

26.2 

230 

230 

400 

6 ,  303 

123 

B 

1 

151 

303.8 

4.0 

0.901 

_'.-.    4 

314 

230 

475 

DO 

— 

6,425 

115 

B 

1 

147 

296.6 

4.5 

n  899 

25  7 

255 

215 

235 

6,168 

140 

B 

1 

164 

327.2 

4.0 

0.901 

25  4 

315 

225 

455 

Hf 

6.424 

69 

C 

2 

170 

;:5x  n 

9.0 

0.894 

26.6 

178 

195 

285 

ro£ 

6,169 

143 

C 

9 

155 

311.0 

30.0 

0  S71 

30.7 

77 

140 

175 

6,302 

145 

C 

9 

172 

341.6 

6.5 

0.899 

25  7 

248 

220 

445 

S50 

158 

B 

1 

3.0 

'    0.907 

24.3 

339 

345 

465 

512 

259 

B 

1 

107 

221   6 

4  0 

ii  904 

21    0 

325 

290 

4  15 

~ 

513 

294 

B 

1 

1S7 

36s    h 

2.5 

0.903 

25  0 

31  6 

375 

455 

c 

1,710 

309 

D 

9 

2ii;, 

401.0 

8.0 

0.898 

25  o 

252 

260 

400 

3 

1,711 

287 

D 

9 

205 

401.0 

6.5 

0.900 

25.5 

261 

280 

,■15 

1  ,708 

2.679 

249 

B 

1 

175 

347.0 

4.0 

0.902 

25.2 

306 

260 

435 

1 

2.692 

298 

B 

1 

172 

341.6 

7.5 

0.899 

25.7 

220 

210 

375 

3M 

2,691 

122 

B 

1 

5.5 

0.899 

25  7 

267 

255 

440 

2,  163 

378 

D 

2 

is:, 

365.0 

30.5 

0.876 

.".1    s 

84 

180 

205 

CJ 

2,458 

287 

D 

9 

170 

33S.0 

36.0 

0.874 

30 . 2 

71 

255 

440 

^ 

2,466 

182 

D 

9 

19  0 

0  891 

27    ! 

149 

215 

250 

•£ 

6.425 

83 

B 

1 

5.0 

0.899 

25.7 

287 

215 

445 

p 

-3 

6,168 

131 

B 

1 

174 

345.2 

t  o 

0.901 

25    I 

333 

245 

4so 

§i 

6,303 

101 

B 

1 

162 

323.6 

3.5 

0.903 

25.0 

350 

255 

475 

> 

'--r 

6,  31 '2 

119 

D 

2 

ITS 

352    1 

6.0 

0.898 

25.9 

272 

220 

385 

~£ 

6,  4  24 

114 

D 

9 

175 

347.0 

18.5 

0.886 

28.0 

138 

190 

215 

•o 

6.169 

127 

D 

9 

160 

320.0 

31.0 

0.872 

30.5 

82 

145 

190 

4.858 

117 

B 

1 

174 

345.2 

3.0 

0.902 

25.2 

330 

275 

460 

GQ 

-'- 

4.318 

109 

B 

1 

6.5 

0.900 

25.5 

285 

220 

450 

P 

3,033 

98 

B 

1 

168 

334.4 

7.0 

II    S"S 

25.9 

289 

216 

390 

202 

D 

2 

180 

356.0 

IS. 8 

0.896 

20    J 

143 

185 

235 

4,85] 

67 

D 

9 

190 

374.0 

S    II 

0  soo 

26.2 

200 

230 

330 

4,319 

201 

D 

9 

185 

365.0 

9.0 

0.896 

26  2 

140 

215 

335 

2,460 

W) 

175 

347.0 

24.0 

0.8S2 

28.7 

100 

185 

215 

If) 


Contained  water. 

Four-week   run.  with   four  fuels. 
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pressure,  using  a  100-cc.  sample  in  an  Engler  flask  with 
a  water-cooled  condensation  apparatus.  Employing  the 
same  apparatus  with  the  used  oil,  the  percentage  dis- 
tilled over  at  the  initial-point  of  the  new  oil  was  noted. 
This  was  termed  the  percentage  of  dilution.  To  check 
this  method,  samples  of  new  oil  were  diluted  with  known 
percentages  of  the  distillates  from  the  used  oil  and  dis- 
tillations run  on  these  samples.  The  results  obtained 
agreed  with  the  known  percentage  of  dilution. 

Following  the  method  outlined,  the  results  obtained 
for  the  percentage  of  dilution  from  the  several  trucks 
operating   on  the   different   fuels   are   shown   in    Tables 


5  and  6.  Used-oil  samples  were  also  examined  for 
changes  in  viscosity,  specific  gravity,  flash-point  and 
fire-test;  the  results  are  shown  in  Tables  5  and  6  also. 
The  curves  in  Figs.  5  and  6  show  relative  crankcase 
dilution  per  100  miles  for  the  four  fuels.  The  curves 
in  Fig.  7  give  the  fleet  averages  for  both  Philadelphia 
and  Pittsburgh.  In  considering  the  average  dilution  for 
both  fleets,  it  will  be  noted  that,  compared  with  the  trucks 
run  on  Grade-/?  fuel,  those  run  on  Grade-A  fuel  had 
less  crankcase-oil  dilution,  and  that  Grades  C  and  D 
gave  correspondingly  more  crankcase-oil  dilution.  From 
these  values  the  curves  shown  in  Fig.  8  were  plotted  for 


TABLE  6 — MISCELLANEOUS  DATA  ON  OIL  USED 


Pittsburgh  Samples 


Initial  Point 

Percentage 

Gravity 

Viscosity 

Kind 

Make 
of 

Truck 

Number 
of 

Grade 
of 

Section 

Distilled 

:M   3(111 

at  100 
Deg.  Fahr., 

Flash- 
point, 

Fire- 

of 

Test, 

on 

Truck 

No. 

Miles 

Fuel 

No. 

Deg. 
Cent. 

Deg. 
Fahr. 

Desr.   Cent. 

(572  Deg. 

Fahr.) 

Specific 

Baume 

Saybolt 
Sec. 

Deg.  Fahr. 

Deg.  Fahr. 

New  Heavy 

300 

572.0 

0.904 

24.9 

486 

430 

500 

360 

A 

2 

134 

273 . 2 

8.0 

0.898 

25.9 

292 

180 

350 

2,114 

360 

B 

2 

153 

307.4 

10.0 

0.896 

26.2 

260 

170 

295 

360 

C 

2 

10.0 

0.897 

26.1 

200 

190 

300 

300 

D 

2 

'i65 

329.0 

4.0 

0.902 

21  .8 

333 

220 

390 

3(16 

A 

2 

146 

294  s 

4.5 

0.902 

25.2 

308 

205 

445 

2,106 

255 

B 

2 

160 

320.0 

8.0 

0.S99 

25.7 

317 

190 

385 

306 

C 

2 

175 

347.0 

8.0 

0.901 

25.4 

313 

210 

385 

296 

D 

2 

170 

338.0 

9.5 

0.897 

26.1 

278 

115 

265 

(U 

210 

A 

2 

138 

280.4 

22.0 

0.886 

2S  ll 

118 

125 

160 

>. 

2,236 

180 

B 

2 

140 

240.0 

23.5 

0.879 

29.3 

104 

130 

185 

r. 

-C 

190 

C 

2 

134 

273.2 

36.5 

0.869 

31.1 

80 

130 

165 

X 

170 

D 

135 

275.0 

21.5 

0.904 

24.9 

123 

155 

200 

a 

204 

B 

144 

291.2 

9.5 

0.897 

26.1 

256 

165 

450 

H 

2,113 

170 

B 

130 

266.0 

9.5 

0.896 

26.2 

261 

185 

335 

1 

S 

170 

B 

140 

284.0 

7.5 

0.898 

25.9 

284 

190 

375 

183 

B 

132 

269.6 

10.0 

ll  s'.i.-, 

26.4 

246 

180 

275 

:;i,.i 

B 

163 

325.4 

7.0 

II. 'III! 

24.9 

441 

255 

480 

2,105 

240 

B 

154 

309 . 2 

5.0 

0.903 

25.0 

419 

250 

300 

288 

B 

150 

302.0 

6.5 

0.901 

25.4 

366 

230 

470 

240 

B 

6.0 

0.902 

25.2 

390 

250 

445 

350 

B 

12.0 

0.891 

27.1 

214 

195 

240 

2,705 

280 

H 

13.0 

II    Sill 

27.1 

192 

160 

220 

341 

B 

'i60 

320.0 

9.0 

0.897 

26.1 

286 

185 

310 

393 

B 

147 

296.6 

14.5 

0.S89 

27.5 

176 

160 

200 

( 

226 

A 

2 

143 

289.4 

7.5 

0.899 

25.7 

280 

175 

300 

4,868 

190 

B 

2 

152 

3' 15  6 

8.5 

0.899 

25.7 

280 

185 

310 

228 

C 

2 

160 

320.0 

11.0 

0.895 

26.4 

234 

180 

275 

228 

D 

2 

15.0 

0.891 

27.1 

186 

170 

220 

[ 

90 

A 

2 

'isi 

305 . 6 

4.5 

0.902 

25.2 

384 

230 

505 

4,878 

90 

B 

2 

162 

323 . 6 

5.0 

0.002 

25.2 

407 

170 

360 

90 

C 

2 

178 

352.4 

5.5 

0.901 

26.9 

354 

225 

410 

94 

D 

2 

6.0 

0.899 

25.7 

338 

235 

400 

f 

114 

A 

2 

'l48 

29S.4 

7.0 

0.892 

26.9 

208 

180 

245 

>> 

> 

."S 

4.S76J 

114 

B 

9 

150 

302 . 0 

9.0 

0.898 

25.9 

251 

190 

350 

— 

114 

C 

2 

17(1 

33S.0 

11.5 

0.898 

25.9 

273 

170 

360 

p 

114 

D 

2 

156 

312.8 

7.0 

0.898 

25.9 

273 

220 

345 

■d 

c 

246 

B 

0.5 

0.901 

26.9 

344 

220 

405 

o 
E-i 

4,881 

205 

B 

4.0 

0.903 

15.0 

436 

230 

465 

£ 

246 

B 

160 

320 '.  6 

6.0 

0.901 

26.9 

367 

210 

420 

1 

246 

B 

167 

332.6 

3.5 

(l   11(13 

25.0 

453 

255 

440 

208 

B 

165 

329.0 

8.5 

II    MIS 

25.9 

275 

185 

445 

4,867 

228 

B 

162 

323.6 

8.5 

0.897 

26.1 

257 

180 

280 

228 

B 

6.0 

0.S99 

25.7 

310 

200 

345 

226 

B 

i63 

325\4 

9.0 

n  sort 

26.2 

262 

185 

340 

451 

B 

167 

332.6 

8.5 

0.898 

25.9 

366 

180 

315 

4,873^ 

468 

B 

165 

329.0 

4.5 

0.903 

25.0 

424 

235 

445 

451 

B 

168 

334.4 

11.0 

0.895 

26.4 

261 

185 

275 

407 

B 

156 

312.8 

5.5 

0.901 

26.9 

388 

210 

460 

170 

A 

2 

138 

280.4 

9.0 

0.894 

26.6 

247 

165 

350 

6,470. 

1SS 

B 

2 

26.0 

0.877 

29.6 

93 

180 

210 

182 

C 

2 

'i64 

327.2 

12.0 

0.891 

27.1 

204 

170 

205 

78 

D 

2 

152 

305.6 

9.5 

0.894 

26.6 

238 

175 

285 

108 

A 

2 

15S 

316.4 

11.0 

0.894 

26.6 

214 

175 

245 

6,472 

81 

B 

2 

163 

325.4 

13.0 

0.894 

26.6 

198 

170 

215 

97 

C 

2 

173 

343.4 

8.0 

0.896 

26.2 

263 

205 

400 

114 

D 

2 

166 

330.8 

13.0 

0.891 

27.1 

190 

185 

225 

88 

A 

2 

145 

293.0 

10.0 

0.893 

26.8 

209 

145 

275 

>> 

V 

6,484 

98 

B 

2 

13.0 

0.890 

27.3 

173 

170 

195 

ei 

Jjj 

90 

C 

2 

ieo 

320.0 

14.0 

0.899 

25.7 

170 

150 

215 

pd 

£ 

88 

D 

2 

155 

311.0 

15.5 

0.885 

28.2 

143 

155 

195 

CD 

a 

117 

B 

150 

302.0 

12.0 

0.891 

27.1 

190 

165 

220 

Eh 

6,481 

112 

B 

143 

289.4 

20.0 

0.883 

28.5 

142 

135 

185 

5 

n 

100 

B 

127 

260.6 

12.5 

0.891 

27.1 

185 

170 

195 

114 

B 

(e) 

18.5 

0.882 

28.7 

128 

140 

170 

74 

B 

160 

320.0 

13.0 

0.890 

27.3 

187 

190 

230 

6,485 

118 

B 

160 

320.0 

13.5 

(l   SS9 

27.5 

174 

160 

190 

126 

B 

160 

820.0 

13.0 

0.888 

27.6 

184 

170 

220 

184 

B 

158 

316.4 

13.5 

0.891 

27.1 

197 

120 

215 

212 

B 

152 

305.6 

15.5 

0  SSfi 

28.0 

156 

145 

195 

6,475. 

199 

B 

158 

316.4 

15.0 

0.SS9 

27.5 

160 

160 

185 

202 

B 

155 

311.0 

17.0 

0.886 

28.0 

145 

145 

170 

169 

B 

160 

320.0 

11.0 

0.893 

26.  S 

202 

170 

250 

(?)  Considerable  water. 
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delphia   and   Pittsburgh    and    the    General   Average   for    Both 
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the  percentage  of  dilution  against  the  temperature  from 
the  distillation  curves  of  the  85  and  95-per  cent  points. 
The  curves  show  that,  as  the  end-point  of  the  fuel  is 
increased,  the  dilution  of  the  oil  is  materially  increased. 
To  compare  the  change  in  viscosity  and  specific  gravity 
due  to  dilution,  samples  of  new  oil  were  diluted  with  the 
distillates  from  used  oils  to  the  following  percentages: 
5.  10,  15,  20,  25,  30,  35  and  40  per  cent.  These  samples 
were  then  examined  for  viscosity  and   specific  gravity. 


The  results  are  shown  in  the  curves  of  Fig.  9.  The  points 
in  the  small  circles  represent  the  changes  noted  in  the 
viscosity  and  the  specific  gravity  of  used  oils  of  known 
percentage    of   dilution. 
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Fig    8 — Curves  Showing  the  Relation  between  the  Percentage 

of  Dilution  per  100  Miles  and  the  Temperatures  of  the  S5  and 

95-Per   Cent  Distillation   Points 
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Fig.  9 — Curves  Showing  how  the  Viscosity  and  the  Specific 
Gravity  of  the  New  Lubricating  Oil  Changed  when  Diluted 
with   Varying   Percentages   of   Distillates    from   the  Used   Oil 
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Passenger-Carrying  Flying-Boat 

Operation 


By  H.  A.  Bhuxo1 


THE  author  states  that  commercial  aviation  is  an 
accomplished  fact  as  proved  by  the  successful  oper- 
ation of  the  flying-boats  he  represents,  and  cites  per- 
formance-records in  proof.  He  finds  it  most  difficult  to 
convince  the  public  that  flying  is  safe. 

The  different  types  of  flying  boat  in  use  are  men- 
tioned and  the  author  discourses  in  regard  to  influenc- 
ing the  public  to  fly,  citing  the  successful  90-min. 
rlying-boat  service  between  Cleveland  and  Detroit,  and 
the  other  similar  successful  services,  as  inducements. 
He  concludes  with  a  plea  that  all  who  are  interested 
in  the  success  of  commercial  aviation  support  its 
pioneers. 

WE  have  found  that  the  existing  type  of  flying- 
boat  is  capable  of  taking  care  of  the  demand  of 
today.  I  have  often  heard  engineers  say  that 
the  moment  we  design  a  machine  capable  of  carrying  15 
to  20  passengers  at  reduced  rates,  we  will  have  commer- 
cial aviation  in  this  Country.  We  have  commercial  avia- 
tion here  today.  Time  and  time  again  we  read  of  what 
they  have  done  in  Europe  but,  when  it  comes  to  over- 
water  air-transportation,  we  are  ahead  of  Europe.  To 
quote  from  an  editorial : 

Anybody  may  steal  a  safety  device.  We  await  a 
genius  with  some  miraculous  invention  that  will  make 
flying  safe.  Meanwhile,  one  of  America's  leading  com- 
mercial flying  companies  is  using  a  very  old  device 
with  brilliant  success.  There  are  no  patents  on  it.  Its 
cost  is  low.     The  name  of  it  is  carefulness. 

The  annual  report  of  a  company  that  operates  27 
flying-boats  says  that  during  the  last  year  it  has  made 
2125  flights  and  carried  9107  passengers,  a  total  of 
739,047  passenger-miles.  This  has  been  done  without 
a  single  death  or  injury.  Carefulness  in  inspections, 
in  operation  and  in  selecting  men  has  produced  a  per- 
fect safety-record  for  3  consecutive  years. 

Again,  in  a  recent  issue  of  the  United  States  Air- 
Service  Magazine,  we  read : 

The  record  is  3  years  of  service  without  a  single 
mishap;  this  is  unparalleled  in  the  history  of  aero- 
nautics or  any  other  method  of  transportation. 

The  record  referred  to  is  that  of  the  Aeromarine  Air- 
ways and  has  been  made  with  flying-boats  supposed  to  be 
surplus  war-material.  The  types  we  have  used  are  the 
F5L  and  the  HS2.  These  were  converted  by  building  an 
enclosed  cabin  on  the  F5L  and  converting  the  HS2  into 
an  open-cockpit  boat. 

Inducing  the  Public  to  Fly 

We  have  found  that  the  actual  cost  of  operating  these 
flying-boats,  in  regard  to  gasoline,  oil,  maintenance  and 
depreciation,  is  as  nothing  when  compared  to  the  cost 
of  selling  aviation  to  the  public  and  getting  passengers 
down  to  an  airport  to  fly.  It  is  disheartening  to  go  to  a 
man  of  more  than  ordinary  intelligence  and  beg  him  to 
go  on  a  free  flight ;  he  will  say  "I  prefer  to  keep  one  foot 


Annual  Meeting  Paper 


'•  Advertising  and  sales  manager.  Aeromarine  Airways    Inc.    New 
York   ■ 


on  the  ground."  That  condition  exists  solely  through 
ignorance.  But  thinking  men  and  women  usually  see  the 
light  when  they  are  presented  with  statistics  showing 
that  flying  is  safe;  and  it  is  safe. 

We  have  an  unfortunate  situation  here  in  that  we  are 
one  of  the  few  countries  in  the  world  that  has  no  air- 
laws.  We  believe  that  defect  will  be  remedied  very 
shortly.  In  the  meantime,  we  are  not  waiting  for  those 
air-laws.  A  few  pioneers  are  going  ahead  and  putting 
commercial  aviation  in  America  ahead  of  that  of  the  rest 
of  the  world.    Again  I  am  speaking  of  flying-boats  only. 

If  engineers  designed  a  flying-boat  which  would  go 
twice  as  fast  as  these  we  are  operating,  and  our  operat- 
ing expense  were  cut  50  per  cent,  that  would  not  help  us 
to  sell  aviation  to  the  public.  The  cost  of  getting  the 
public  to  fly  is  the  important  thing.  Many  times  people 
have  told  me  that  they  have  heard  in  general  discussion 
that  aircraft  in  America  today  are  unsafe  to  fly  in. 
Granted  that  many  of  them  are  unsafe  when  operated  by 
irresponsible  fliers,  there  are  a  few  responsible  companies 
operating  good  machines.  We  must  let  the  public  know 
in  every  way  possible  that  we  have  commercial  aviation 
now;  not  "when  it  comes"  and  "when  we  have  a  certain 
safe  type  of  ship."    We  are  flying  safely  now,  every  day. 

The  public  does  not  want  speed.  The  average  speed 'of 
our  flying-boats  is  from  65  to  90  m.p.h.  That  is  enough 
for  anybody.  If  you  tell  a  man  that  you  will  fly  him 
from  New  York  City  to  Albany  at  125  m.p.h.,  the  chances 
are  that  he  would  not  fly  with  you.  The  thought  amazes 
him;  he  cannot  comprehend  flying  at  that  speed.  We 
know  that  a  passenger  is  perfectly  happy  and  comfortable 
in  an  enclosed  cabin,  even  at  135  m.p.h.,  but  the  man  in 
the  street  does  not  realize  that.  We  who  are  engaged  in 
commercial  aviation  are  so  "sold"  on  it  ourselves  that  we 
do  not  get  the  viewpoint  of  the  man  in  the  street. 

As  stated,  the  general  design  of  flying-boats  is  satis- 
factory today.  I  am  referring  to  the  F5L,  the  HS2,  the 
two-passenger  Curtiss  Seagull  and  Aeromarine  model  40. 
They  will  take  care  of  the  public  demand,  I  believe,  for 
the  next  3  or  4  years.  When  the  public  is  finally  sold  in 
general,  it  will  be  necessary  to  have  40  and  50-passenger 
ships.  But  it  would  be  dangerous  today  to  consider  this 
possibility  and  not  "boost"  what  we  have  already;  be- 
cause we  would  be  wasting  valuable  time,  Europe  mean- 
time going  right  ahead. 

Influencing  the  Public 

The  public  today  is  very  easily  influenced  in  regard  to 
flying.  We  in  the  business  can  go  to  a  man  and  tell  him 
we  would  like  him  to  fly  and  that  it  is  wonderful  to  fly, 
with  only  slight  effect.  But  if  his  neighbor  goes  to  him 
and  says,  "I  took  a  flight  today,"  that  creates  the  desire 
in  his  mind  and  he  wants  to  fly.  It  is  the  human  element. 
People  do  not  want  to  be  left  behind.  If  some  one  else 
is  doing  a  thing,  we  want  to  do  it. 

There  is  a  great  change  in  public  sentiment  as  regards 
flying  in  this  Country.  We  have  noticed  it  in  connection 
with  railroads.    When  we  started  to  operate  flying-boats 
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3  years  ago  the  railroad  representatives  said,  "Well,  it 
may  come  true,  we  hope  it  will,  but  we  are  not  interested 
and  you  are  taking  up  our  time."  But  the  New  York 
Central  Railroad  Co.  sent  out  a  bulletin  recently  instruct- 
ing its  ticket-agents  to  furnish  information  on  our  flying- 
boat  transportation,  statipg  it  is  worthy  of  support. 
Many  other  railroads  have  followed  suit.  The  Florida 
East  Coast  Railway  Co.,  which  operates  the  steamers  be- 
tween Key  West  and  Havana,  is  distributing  our  liter- 
ature, because  we  have  shown  that  properly  operated 
commercial  flying  is  absolutely  safe  and  a  necessary 
adjunct  to  the  railroads;  it  is  not  a  competitor,  but  an 
adjunct. 

If  you  go  into  the  travel  department  of  any  bank  in  a 
big  city  in  the  United  States  and  inquire  about  our  flying- 
boat  service,  I  think  you  will  find  that  it  will  try  to  get 
you  to  fly.  Why?  Because  the  banks  realize  that  the  de- 
velopment of  commercial  aviation  is  today  and  will  be  the 
backbone  of  our  national  defence. 

I  urge  you  to  get  behind  the  pioneers  who  are  putting 
aviation  over  now.  We  are  bucking  a  hard  game  but  we 
see  the  clouds  breaking.  We  are  carrying  more  people 
every  day,  and  are  making  money  with  the  present  equip- 
ment. In  commercial  operations  during  the  past  year 
our  company  made  money  between  Cleveland  and  Detroit 
on  a  pioneer  service.  Our  boats  fly  between  Cleveland 
and  Detroit  in  90  min.  The  trip  takes  6  hr.  by  train; 
all  night  by  steamer.  We  flew  more  than  4000  people  in 
2y2  months.  The  first  month,  49  per  cent  were  women 
and  children;  the  second  month  the  passengers  were 
mostly  business  men.  Many  of  them  have  said  to  us, 
"You  have  proved  that  commercial  aviation  is  here  and 
we  are  going  to  boost  it."  They  are  boosting  American 
aviation  and  I  ask  you  to  do  the  same  thing. 

THE  DISCUSSION 

John  P.  Tarbox: — The  fundamental  feature  of  com- 
mercial-aviation success  has  not  yet  been  touched  upon. 
Must  we  rely  upon  the  necessities  of  the  Post  Office  De- 
partment, upon  the  goodness  of  Uncle  Sam  in  standing 
a  loss  and  upon  the  sporting  blood  of  the  public  to  get 
this  industry  to  grow?  Or  must  we  rely  upon  the  basic 
fact  that  we  can  offer  to  the  public  a  traffic  which  it  can 
use  at  a  profit?  Does  not  the  root  of  the  present  high 
cost  of  getting  people  to  use  an  airplane  lie  in  the  fact 
that,  while  people  use  it  for  the  sensation,  they,  having 
had  the  sensation,  do  not  care  to  go  to  the  expense  of  a 
second  sensation?  We  are  forced  in  our  advertising  con- 
stantly to  convince  new  people.  We  are  doing  the  same 
work  again  and  again.  The  success  of  the  Aeromarine 
Airways,  Inc.,  between  Cleveland  and  Detroit  is  probably 
the  most  signal  success  that  has  been  had.  Perhaps  that 
from  Key  West  to  Havana  is  in  the  same  class,  but  it 
seems  that  people  are  using  flying-boats  between  Cleve- 
land and  Detroit  because  they  find  that  they  can  do  so  in 
their  business  at  a  profit. 

Commercial-airplane  design  lends  possibilities  of  giv- 
ing to  the  public  just  that  basic  thing.  Must  we  wait  all 
these  years  to  put  this  proposition  over,  or  can  we  hope 
to  do  it  through  a  vastly  improved  engine?  Judging 
from  what  has  been  said  here,  only  a  small  percentage  of 
increase  in  profit  would  be  sufficient.  Suppose  we  had  an 
engine  that  would  develop  from  10  to  20  per  cent  more 
power.  Suppose  we  had  a  wing  that  was  from  10  to  20 
per  cent  more  efficient,  or,  if  not  more  efficient,  that  would 
give  us  a  lower  landing-speed  and  enable  us  to  utilize  to 
a  larger  extent  those  fields  that  are  now  available.  Sup- 
pose we  had  safety-devices  that  not  only  would  neutralize 
what  is  left  of  the  backwardness  of  the  public  in  board- 


ing aircraft,  but  also  counteract  the  effect  of  the  untoward 
accidents  that  have  come  through  carelessness.  The 
public  patronizes  the  devices  at  the  amusement  parks,  the 
shoot-the-chutes  and  the  loop-the-loop  affairs,  without  the 
least  bit  of  hesitation.  Why?  Because  the  crowds  are 
doing  it  and  because  it  is  not  over-expensive.  Airplane 
flying  is  no  more  dangerous  than  that.  Suppose  someone 
produced  a  material  that  would  give  us  a  greater  factor 
of  safety,  or  enable  us  to  reduce  the  weight  of  the  air- 
plane and  thereby  increase  the  useful  load  10  or  15  or  20 
per  cent.  Any  one  of  these  things  or  a  dozen  others 
might  put  the  proposition  over.  I  urge  that  we  all  look 
toward  the  improvement  of  the  individual  units  of  the 
airplane  in  the  hope  that  such  improvement  will  lend  its 
share  to  general  advancement  of  the  business. 

Chairman  E.  P.  Warner: — I  am  surprised  that  so 
many  of  the  speakers  have  found  the  present  airplane 
wholly  satisfactory  and  have  been  disposed  to  neglect  the 
advisability  of  any  change,  at  least  for  the  present.  I 
am  even  more  surprised  at  Mr.  Blythe's  statements  re- 
garding the  inconvenience  of  traveling  by  air  and  his  dis- 
position to  neglect  altogether  the  question  of  safety  as 
seemingly  unimportant.  The  record  that  the  Aeromarine 
Airways,  Inc.,  has  made  is  wonderful  and  is  certainly 
worthy  of  the  very  highest  praise;  740,000  passenger- 
miles  without  a  fatality!  The  average  in  Europe  has 
been  only  about  400,000  passenger-miles,  although  there 
are  several  lines  that  have  run  very  much  farther  than 
that,  some  going  well  over  1,000,000.  American  railroads 
have  an  average  record  of  about  70,000,000  passenger- 
miles  per  fatality.  We  must  make  still  greater  improve- 
ments in  the  safety  of  airplanes  before  we  can  expect 
people  to  ride  in  large  numbers. 

From  people  who  have  flown  once  and  been  asked  to  fly 
again  and  declined,  and  those  who  have  not  even  been 
asked  but  made  it  known  that  they  would  not  fly  if  they 
were  asked,  I  learn  that  the  thing  that  keeps  them  from 
flying  is  not  the  inconvenience,  which  is  often  very 
slight ;  it  is  the  danger,  or  what  they  think  to  be  the  dan- 
ger. They  badly  over-estimate  the  danger,  to  be  sure,  but 
that  is  what  keeps  them  on  the  ground.  In  the  summer 
of  1922  I  talked  with  a  number  of  the  agents  who  are 
backing  air  transportation  in  London  and  Paris  and, 
judging  from  what  I  heard,  very  much  the  same  story 
can  be  told  there  as  in  this  Country.  They  say  that  as 
soon  as  there  is  a  sensational  accident  anywhere,  even  to 
a  military  machine,  the  bookings  fall  right  off  dead. 
After  one  such  accident,  the  London-to-Paris  airplane 
bookings  dropped  off  about  50  per  cent  in  3  weeks.  Very 
often  a  person  comes  in  and  engages  passage,  and  comes  i 
back  in  about  2  days  and  wants  to  cancel  it.  Such  people 
have  been  talking  to  their  friends,  who  have  all  bidden 
them  a  fond  farewell ;  they  give  up  the  hazardous  adven- 
ture. That  is  the  thing  that  is  keeping  people  from  fly- 
ing. As  for  the  inconvenience,  the  London-to-Paris  line 
sends  a' luxurious  automobile  around  for  you  and  lands 
you  by  car  at  your  hotel  on  the  other  end. 

Mr.  Tarbox: — I  agree  with  Professor  Warner  in  re- 
gard to  the  necessity  of  safety.  I  think  it  is  of  extreme 
importance.  There  is  no  question  that  flying  is  safe  when 
carefully  done,  but  there  is  a  great  amount  of  careless- 
ness, and  everything  that  can  be  done,  through  the  appli- 
cation of  safety  devices,  the  enactment  of  laws  and  the 
enforcement  of  regulations,  would  be  of  immense  help. 

Has  anything  startling  been  done  in  great-altitude  fly- 
ing abroad?  What  instruments  do  they  use  for  night- 
flying  and  for  flying  in  fog? 

Chairman  Warner: — There  has  been  no  great-altitude 
commercial-flying  abroad.     Navigation  at  night  and  in 
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fog  is  not  attempted.  They  do  not  endeavor  to  fly  under 
conditions  such  as  those  encountered  by  the  Air-Mail 
Service  in  this  Country.  One  line,  operating  across  Cen- 
tral Europe,  probably  comes  closer  to  it  than  any  other 
I  asked  one  pilot  how  he  navigated  in  low  clouds  and  fog. 
He  said  he  flew  below  the  clouds.  I  said,  "If  the  clouds 
or  fog  are  only  500  ft.  above  the  earth,  what  do  you  do?" 
He  said,  "We  still  stay  below  them."  I  said,  "Suppose 
they  are  only  100  ft.  above  the  earth?"  He  said,  "We 
still  stay  below  them."  I  had  not  the  courage  to  follow 
him  down  any  farther.  On  another  line,  which  operates 
with  perhaps  a  little  larger  percentage  of  passenger 
traffic,  they  did  not  attempt  to  go  out  if  the  report  showed 
clouds  lower  than  1000  ft.  high  above  any  part  of  the 
course  to  be  followed.  As  for  night-flying,  the  only  at- 
tempts that  have  been  made  under  very  carefully  selected 
weather-conditions  have  been  about  four  night-flights 
between  London  and  Paris.  All  of  them  were  made  in 
moonlight  and  with  seven  lighthouses  along  the  course. 
Night-flying  on  a  large  scale  seems  unlikely  to  be  real- 
ized in  Europe  as  soon  as  the  Air-Mail  Service  will  real- 
ize it  in  this  country. 

Mr.  Tarbox: — What  proportion  does  the  expense  of 
obtaining  business,  which  was  mentioned  as  being  so 
great,  bear  to  the  total  expense? 

H.  A.  Bruno: — We  include  in  that  the  hiring  of  per- 
sonnel. It  includes  passenger  men  and  the  operating  of 
offices,  which  Till  comes  under  the  head  of  our  general  ad- 
vertising expense.  It  is  difficult  to  set  a  definite  figure 
but,  in  different  localities,  it  is  likely  to  run  anywhere 
from  30  to  60  per  cent,  which  is  pretty  high. 

In  regard  to  the  life  of  commercial  flying-boats,  we 
have  one  ship,  the  Santa  Maria,  which  has  been  in  service 
for  3  years ;  it  has  flown  54,000  miles.  It  is  in  first-class 
condition.    We  have  changed  the  engines,  of  course. 

We  have  only  one  reserve  flying-boat  in  the  Cleveland- 
Detroit  service,  in  which  we  maintain  double  daily  oper- 
ation from  both  cities,  leaving  at  9  a.  m.  and  at  4  p.  m. 
We  have  had  only  two  instances  of  leaving  late.  We  have 
maintained  a  perfect  record  across  Lake  Erie  of  222 
crossings ;  we  have  had  no  forced  landings  and  no  mis- 
haps. We  credit  our  mechanics  and  pilots  with  that 
record. 


Edward  Schildhauer: — How  many  forced  landings 
has  your  company  had  in  all  its  operations? 

Mr.  Bruno: — In  our  operations  between  Key  West  and 
Havana  during  1921,  seven  flights  that  were  attempted 
were  not  finished.  Three  of  these  cases  were  due  to  fog ; 
the  others  were  due  to  engine  trouble.  In  one  case  the 
boat  came  down,  was  fixed  and  then  went  on.  In  two 
other  cases  we  sent  out  another  boat  and  carried  the 
passengers  on  their  journey.  That  was  during  the  entire 
Southern  season,  which  runs  from  Nov.  15  to  March  15. 
In  the  New  York  City  operations,  we  have  had  three 
forced  landings  and  two  delays  from  fog  which  is  preva- 
lent in  the  early  spring.  There  were  no  forced  landings 
on  the  Great  Lakes  Division  in  1922.  On  the  Miami- 
Nassau  run  there  were  no  forced  landings.  It  was  made 
then  three  times  a  week,  but  this  year  we  are  maintain- 
ing a  regular  daily  service  between  Miami  and  Nassau. 
So  far,  since  Dec.  1,  1922,  there  has  been  a  100-per  cent 
performance  on  all  Southern  routes. 

R.  R.  Blythe: — I  have  been  criticized  for  referring 
lightly  to  safety  but,  as  a  matter  of  fact,  I  believe  safety 
is  and  must  be  first  in  everything.  My  thought  was  that 
we  could  not  wait  for  round-table  discussions  on  airplanes 
that  will  be  built  in  the  future;  we  must  use,  improve  as 
much  as  we  can  and  sell  what  we  have.  The  Aeromarine 
Airways,  Inc.,  has  had  no  fatal  casualty  as  yet;  how  long 
that  record  will  continue  is  conjectural.  The  company 
conducts  the  safer  form  of  airplane  transportation,  its 
boats  operating  over  water.  If  we  should  say  that  our 
present  machines  are  not  safe,  and  that  we  must  scrap 
them  and  build  some  that  will  be  safe,  we  probably  would 
eliminate  all  of  the  present  activity.  We  must  improve 
the  present  equipment,  but  we  must  use  it  and  sell  trans- 
portation in  it  meanwhile. 

Archibald  Black: — It  has  appeared  to  me,  for  the 
past  several  years,  that  our  big  problem  has  been  that  of 
convincing  the  banker  that  we  can  make  aviation  pay. 
The  demonstrations  of  the  Aeromarine  Airways,  Inc., 
during  the  past  2  years  has  accomplished  more  in  this 
direction  than  all  of  our  discussions.  I  think  that  the 
whole  industry  owes  a  debt  of  gratitude  to  the  officials 
and  the  operating  personnel  of  this  firm  for  their  most 
constructive  work. 


INTERNATIONAL  AIR  CONGRESS 


THE  1923  International  Air  Congress,  which  will  be  held 
at  London  on  the  invitation  of  the  British  Government, 
•  will  open  on  Monday,  June  25,  and  close  on  the  following-  Sat- 
urday. The  principal  object  of  the  Congress  is  to  give  an 
opportunity  for  an  international  discussion  of  the  various 
problems  in  connection  with  the  design,  construction  and  op- 
eration of  aircraft.  The  papers  to  be  read  will  be  divided 
into  four  groups  covering  the  following  subjects: 

(1)  Aerodynamics 
Airplane  Construction 
Research  Methods 

(2)  Powerplants 
Fuels 

Lubrication 
Propellers 

(3)  Air  Transport  and  Navigation 


(4)    Personnel 

Air  Tactics  and   Strategy  as  Affecting  Commercial 

Design 
Airship  Design  and  Construction 

In  addition  to  the  sessions  of  the  four  groups,  which  will 
be  held  simultaneously,  an  opportunity  will  be  afforded  to 
visit  various  British  aircraft  establishments  and  factories. 
Also,  the  Air  Ministry  has  arranged  to  hold  the  Royal  Air 
Forces  Pageant  on  June  30,  the  last  day  of  the  Congress. 

Membership  is  open  to  nationals  of  all  countries  that  are 
represented  on  the  Federation  Aeronautique  Internationale  or 
are  signatories  of  the  International  Air  Convention.  Further 
particulars  regarding  the  Congress  can  be  secured  from  the 
general  secretary,  Lieut-Col.  W.  Lockwood  Marsh,  7 
Albemarle  Street,  London,  W.  1. 
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THE  discussion  of  the  papers  presented  at  the  re- 
cent Annual  Meeting  of  the  Society  included 
written  contributions  submitted  by  members  who 
were  unable  to  be  present  and  the  remarks  made  at  the 
meeting.  In  every  case  an  effort  has  been  made  to  have 
the  authors  of  the  several  papers  reply  to  the  discussion, 
both  oral  and  written,  and  these  comments,  where  re- 
ceived, are  included  in  the  discussions.  For  the  con- 
venience of  the  members,  a  brief  abstract  of  each  paper 
precedes  the  discussion,  with  a  reference  to  the  issue  of 
The  Journal  in  which  the  paper  appeared,  so  that  mem- 
bers who  desire  to  refer  to  the  complete  text  as  origin- 
ally printed  and  the  illustrations  that  appeared  in  con- 
nection therewith  can  do  so  with  a  minimum  amount  of 
effort. 

In  addition  to  discussion  given  below  the  discussion  of 
Safety  and  Comfort  as  Inducements  to  Air  Travel,  by 
R.  R.  Blythe;  Passenger  Carrying  Flying-Boat  Opera- 
tion, by  H.  A.  Bruno;  and  A  Critical  Study  of  Modern 
Automotive  Vehicle  Steering  Systems,  by  Herbert  Chase 


is  printed  elsewhere  in  this  issue  of  The  Journal.  The 
discussion  of  V.  H.  Gottschalk's  paper  entitled  Society's 
Research  Sheds  New  Light  on  Fuel  Problem  was  printed 
in  the  February  number  of  The  Journal  in  connection 
with  some  supplementary  data  that  were  received  too 
late  for  inclusion  in  the  paper  when  it  was  printed  in 
the  January  issue  of  The  Journal.  The  discussions  of 
the  other  papers,  Testing  of  Leather  Substitutes  and  Top 
Materials,  by  J.  B.  Davis;  Aircraft-Engine  Practice  as 
Applied  to  Air-Cooled  Passenger-Car  Engines,  by  S.  D. 
Heron ;  Experimental  Survey  of  Gasoline  and  Kerosene 
Carburetion,  by  C.  S.  Kegerreis  and  G.  A.  Young;  Cool- 
ing Capacity  of  Automobile  Radiators,  by  E.  H.  Lock- 
wood;  Cheaper  Closed-Body  Construction,  by  George  J. 
Mercer;  Laws  Governing  Gaseous  Detonation,  by  Thomas 
Midgley,  Jr.,  and  Robert  Janeway ;  Needless  Hardwood 
Lumber  Waste,  by  Frederick  F.  Murray ;  and  Automo- 
bile Finishing  Varnish,  by  L.  Valentine  Pulsifer,  will,  it 
is  expected,  be  published  in  the  May  issue  of  The 
Journal. 


INTERNAL-COMBUSTION  ENGINE  CHARACTER 
ISTICS  UNDER  HIGH  COMPRESSION 

BY    J.    H.    HOLLOWAY,    H.    A.    HUEBOTTER   AND    G.    A.    YOUNG 


THIS  paper  is  a  report  of  a  series  of  tests  conducted 
during  the  summer  of  1922  by  the  authors  at  the 
Engineering  Experiment  Station  of  Purdue  University. 
The  work  consisted  of  research  into  the  operation  of 
internal-combustion  engines  under  comparatively  high 
compression  on  ordinary  gasoline  without  detonation. 
The  compression-ratio  of  the  engine  was  6.75  and  the 
compression  pressure  was  122  lb.  per  sq.  in.,  gage. 
The  ingoing  charge  was  passed  through  a  hot-spot 
vaporizer  and  thence  through  a  cooler  between  the  car- 
bureter and  the  valves.  Jacket-water  temperatures  be- 
tween 150  and  170  deg.  fahr.  were  carried  at  the  outlet 
port  of  the  jacket. 

The  theory  held  by  the  authors  as  to  the  causes  of 
detonation  of  the  combustible  charge  is  presented 
briefly.  The  source  of  the  two  phases  of  detonation  en- 
countered in  this  work  is  believed  to  be  overheated 
areas  in  the  combustion-chamber.  The  methods  of  com- 
bating these  hot  spots  are  given  in  detail,  and  the  spe- 
cial equipment  applied  to  the  engine  to  accomplish  the 
desired  result  is  described.  The  effects  of  load,  speed, 
compression-ratio  and  mixture-ratio  are  studied,  and 
turves  showing  the  variation  in  the  engine  character- 
istics due  to  each  factor  are  submitted.  All  tests  were 
run  without  a  trace  of  detonation. 

The  results  of  the  work  point  to  the  following  con- 
clusions: 

(1)  Automobile  engines  designed  to  give  a  uni- 
form cooling  of  the  combustion-chamber  walls 
will  permit  the  use  of  much  higher  compres- 
sion-ratios than  those  employed  at  present, 
with  a  consequent  gain  in  engine  power  and 
economy 

(2)  The    fuel-air    ratio    for    maximum    economy 


borders  upon  the  lean  limit  for  reliable  com- 
bustion 


(3) 


(4) 


For  maximum  power,  the  mixture-ratio  need 
not  exceed  0.075  lb.  of  gasoline  per  lb.  of 
dry  air 

With  concentrated  heating  of  the  mixture  at 
the  carbureter  outlet,  a  local  temperature  of 
125  deg.  fahr.  is  sufficient  to  give  good  opera- 
tion at  full  throttle.  Cooling  to  100  deg. 
fahr.  at  the  valves  is  desirable  if  the  com- 
pression pressure  of  the  engine  is  high.  At 
part  loads,  a  hot-spot  temperature  of  175 
deg.  fahr.,  with  or  without  intermediate  cool- 
ing, will  give  good  results  with  lean  mixtures 
[Printed  in  the  January,  1923,  issue  of  The  Journal.] 

THE   DISCUSSION 

Thomas  Midgley,  Jr.: — A  peculiar  thing  about  the 
paper  is  that  the  type  of  fuel  used  in  these  tests  is  not 
described.  I  presume  the  authors  are  aware  that  com- 
pression pressures  of  200  to  250  lb.  per  sq.  in  are  possible, 
if  the  proper  fuel  is  selected.  I  presume  that  commercial 
gasoline  was  used  in  these  tests,  but  I  want  to  emphasize 
that  when  engine  tests  are  reported  with  respect  to  deto- 
nation we  ought  to  make  a  complete  story  by  including 
the  characteristics  of  the  fuel  used;  otherwise  a  paper 
will  be  absolutely  useless  in  the  future,  for  nobody  will 
know  what  it  is  all  about.  If  the  fuel  data  are  added, 
the  paper  becomes  a  permanent  record  of  a  real  accom- 
plishment. 

To  operate  an  engine  on  commercial  gasoline  at  122 
lb.  per  sq.  in.  compression-pressure  is  certainly  a  real 
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achievement.  The  authors  state  that  they  believe  this 
would  not  be  feasible  in  actual  practice,  but  every  auto- 
motive engineer  will  serve  himself  and  his  product  if  he 
will  do  precisely  the  things  that  have  been  done  at  Purdue 
University  in  reducing  the  tendency  to  overheat  the 
charge  in  the  cylinder. 

Edward  D.  Thurston: — Will  Mr.  Holloway  give  the 
temperature  and  the  proportions  of  the  various  fuels?  It 
would  be  interesting  to  know  how  the  point  of  best  power 
and  the  point  of  best  economy  compare  with  the  mixture 
that  is  chemically  best. 

Sydney  G.  Tilden  : — Will  Mr.  Holloway  tell  us  his  ex- 
perience with  regard  to  sensitiveness  toward  carboniza- 
tion in  operating  at  these  high  compression  ratios?  Is  it 
necessary  to  clean  out  the  carbon  very  often? 

J.  G.  Vincent: — In  this  paper  a  mass  of  experimental 
data  that  confirms  the  findings  of  many  investigators 
along  these  lines  is  presented  in  a  condensed  form.  In 
this  instance,  however,  a  serious  attempt  has  been  made 
not  only  to  run-down  the  obstacles  in  the  path  of  further 
progress  but  also  to  devise  a  means  of  overcoming  them. 
I  believe  such  practical  efforts  on  the  part  of  our  Uni- 
versity research  men  deserve  the  highest  commendation. 

It  is  to  be  noted  that  the  results  have  been  obtained 
with  a  four-cylinder  knight-type  engine  and,  although 
I  believe  the  conclusions  reached  can  be  applied  to  other 
engines,  I  still  think  that  in  future  work  of  this  character 
similar  data  should  be  collected  on  up-to-date  poppet-valve 
engines  that  are  in  the  vast  majority  at  present.  In 
laboratory  work  of  this  character  one  is  apt  to  lose  sight 
of  certain  fundamental  requirements  of  road  operation. 
In  mentioning  certain  of  these  factors  I  should  like  to 
go  on  record  as  stating  that  this  discussion  is  offered  in 
a  constructive  spirit  and  in  the  hope  that  some  of  these 
problems  will  be  studied  in  the  laboratory  at  greater 
length. 

The  prospect  of  using  higher  compression  in  automo- 
bile engines  is  a  particularly  alluring  one  in  view  of  the 
handsome  gain  in  power  and  the  reduction  in  the  fuel 
consumption  to  be  attained  in  this  manner.  However,  I 
have  found  that  even  when  detonation  is  entirely  sup- 
pressed and  a  high-compression  engine,  showing  say  100 
to  110  lb.  per  sq.  in.  gage  compression,  is  driven  on  the 
road  at  ordinary  speeds  there  is  a  distinct  loss  in  smooth- 
ness of  operation  which  cannot  be  overlooked.  It  is,  of 
course,  a  well  known  fact  that  it  is  the  compression-ratio, 
and  not  any  particular  compression-pressure,  that  largely 
determines  the  shape  of  the  expansion  curve.  I  judge, 
therefore,  that  the  more  rapid  rise  of  the  pressure  in  the 
high-compression  engine  is  responsible  for  the  loss  of 
that  smooth  flow  of  power  that  we  associate  with  upto- 
date  engines  having  more  conservative  compression- 
ratios. 

Another  disturbing  element  militating  against  the 
use  of  higher  compression-ratios  is  the  formation  of  car- 
bon in  the  combustion-chamber.  There  is  yet  to  be  de- 
vised a  lubricating  system  that  will  lubricate  the  cylinder 
walls  adequately  and  yet  not  permit  any  oil  to  rise  in  the 
combustion-chamber.  In  other  words,  apparently,  carbon 
troubles  will  always  be  with  us  and,  no  matter  how  well 
we  cool  the  piston-heads,  the  spark-plugs  and  the  ex- 
haust-valves, carbon  will  gradually  accumulate  and  de- 
tonation will  follow.  It  has  been  my  experience  that  if 
two  cars  are  started  out  on  the  road,  identical  in  every 
respect  except  that  one  has,  say,  70  lb.  per  sq.  in.  com- 
pression, measured  at  about  120  r.p.m.,  and  the  other 
about  85  lb.,  and  subject  these  two  cars  to  the  same  driv- 
ing conditions,  the  one  with  the  higher  compression  will 


have  to  have  the  carbon  removed  about  twice  as  often  as 
the  one  with  the  lower  compression.  Viewed  from  this 
standpoint,  it  appears  that  the  use  of  higher  compression- 
ratios  must  await  the  commercial  development  of  non- 
detonating  fuels. 

Chairman  H.  L.  Horning: — I  suggest  that  Mr.  Hollo- 
way take  into  consideration  the  part  of  Mr.  Vincent's  re- 
marks that  calls  attention  to  the  rough  running  when 
the  engine  was  still  short  of  detonation.  That  is  a  very 
important  point  and  represents  the  zone  of  the  factor  of 
safety,  we  might  say,  that  must  be  allowed  below  the 
compression-ratio  that  will  run  without  the  audible  de- 
tonation that  occurs  and  that  is  so  disagreeable. 

Stanwood  W.  Sparrow: — Since  many  of  us  are  work- 
ing along  very  much  the  same  lines,  if  Mr.  Holloway 
would  describe  a  few  details  such  as  the  method  by  which 
he  cooled  the  spark-plugs,  it  might  be  of  convenience  and 
save  considerable  time  for  other  people  who  are  trying 
to  do  the  same  sort  of  thing. 

I  think  there  has  come  to  be  a  more  general  recognition 
of  the  importance  of  compression-pressure  rather  than 
compression-ratio.  This  was  emphasized  by  Mr.  Midgley 
at  the  1922  Semi-Annual  Meeting  as  well  as  just  now  by 
Mr.  Holloway. 

In  regard  to  definition  of  terms  used,  the  thing  that  has 
given  the  most  trouble,  in  which  the  most  improvement 
has  been  made  by  Mr.  Holloway,  is  what  seems  to  me 
to  be  more  like  preignition  than  what  I  term  detonation. 
However,  although  it  would  be  desirable  if  we  could  agree 
as  to  what  should  be  termed  detonation  and  what  preigni- 
tion, it  is  much  more  important  that  both  be  recognized 
as  obstacles  to  the  use  of  high  compression. 

S.  D.  Heron: — Complete  elimination  of  detonation 
does  not  appear  to  be  necessary  with  aircraft  engines. 
The  maximum  output  and  a  minimum  fuel-consumption 
are  usually  obtainable  only  with  intermittent  detonation. 

It  is  pointed  out  in  the  paper  that  much  can  be  done  to 
eliminate  detonation  by  reducing  the  internal  tempera- 
ture of  the  cylinder-walls.  Some  recent  investigations 
with  aircraft-engine  cylinders  indicate  that  conditions 
exfst  where  the  above  statement  does  not  hold  and  that 
high  cylinder-wall  temperatures  do  not  necessarily  have 
such  a  deleterious  effect  on  the  performance  as  has  been 
commonly  supposed.  The  engineering  division  of  the 
Air  Service  has  been  working  with  cast-iron  air-cooled 
cylinders  and  has  found  it  possible  to  obtain  a  high  out- 
put with  cylinder-wall  temperatures  hitherto  considered 
impossible.  With  a  41/2-in.  bore  and  a  SVs-in.  stroke 
cylinder,  using  a  mixture  of  80  per  cent  aviation  gasoline 
and  20  per  cent  of  benzol  as  fuel,  as  much  as  155  lb.  per 
sq.  in.  indicated  mean  effective  pressure  has  been  ob- 
tained, with  combustion-chamber-wall  temperatures  of 
over  700  deg.  fahr.  The  combustion-chamber  form  ap- 
pears to  have  a  decided  influence  upon  the  wall  tempera- 
tures that  can  be  used  without  causing  excessive  detona- 
tion. The  performance  quoted  above  was  obtained  from  a 
cylinder  with  overhead  valves  and  an  almost  completely 
hemispherical  combustion-chamber.  Past  experience  with 
overhead-valve  flat-head  air-cooled  cylinders  has  shown 
that  combustion-chamber-wall  temperatures  of  700  deg. 
fahr.  are  productive  of  such  violent  detonation  as  to  pre- 
vent continuous  full-throttle  operation. 

Percival  S.  Tice: — The  point  raised  about  the  shape 
of  combustion-chambers  has  been  very  well  taken.  Will 
Mr.  Holloway  tell  us  what  he  can  about  the  apparently 
direct  effects  of  the  mixture-temperature  in  this  latter 
compression  arrangement? 

Chairman   Horning: — How  does   Mr.   Holloway   ac- 
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count  for  the  low  thermal-efficiency  with  a  6.5  compres- 
sion-ratio? I  calculated  that  he  should  get  34.4  per  cent 
indicated  thermal  efficiency,  but  he  obtained  only  30.4 
per  cent.  In  other  words,  he  lacks  about  4  per  cent  of  ob- 
taining good  performance. 

J.  H.  Hollow  ay: — The  fuel  used  in  all  of  these  tests 
was  Red  Crown  gasoline,  such  as  we  get  in  Indiana.  The 
mixture-temperatures  for  good  performance  are  given  in 
conclusions  10  and  11.  The  mixture-ratios  for  best  power 
at  full  throttle  and  for  best  economy  at  partial  throttles 
are  specified  in  conclusion  5.  The  chemically  perfect 
mixture  contains  approximately  0.067  lb.  of  gasoline  per 
pound  of  dry  air. 

We  had  a  little  carbon  deposit  in  the  combustion- 
chamber,  the  piston-head  and  the  cylinder-head  being  the 
only  available  places  for  deposit.  By  running  at  from 
one-half  to  full-load  most  of  the  time,  the  carbon  that 
formed  seemed  to  curl  up  and  chip  off.  We  had  very  little 
carbon  deposit  with  the  proper  mixture-ratio,  but  we  did 
find  that  little  particles  of  carbon  that  gave  some  trouble 
formed  on  the  ports  of  the  sleeves.  That  probably  was, 
within  a  reasonable  time,  as  we  know  it,  for  cleaning  the 
carbon ;  not  2  or  3  days  or  a  week.  After  a  couple  of 
months  of  running  we  would  show  up  some  color  in  that 
way,  but  we  made  it  a  practice  never  to  clean  the  carbon 
off  the  cylinder-head  or  the  piston-head. 

We  agree  with  Mr.  Vincent  that  the  poppet-valve  en- 
gine offers  a  promising  field  for  research  along  the  lines 
of  high  compression.  The  ability  to  carry  high  compres- 
sion-pressures seems  to  be  purely  a  matter  of  keeping  the 
exhaust-valves  below  the  temperatures  that  will  induce 
detonation.  Careful  water-jacketing  of  the  valve-seats, 
small  valves  and  multiple  spark-plugs  should  make  high 
pressures  practicable  in  poppet-valve  engines. 

We  might  suggest  that  high  compression-pressures 
with  their  attendant  high  explosion-pressures  require  an 
increase  in  the  flywheel  size  to  give  a  smoothness  of  oper- 
ation compai-able  with  that  of  a  low-compression  engine. 

It  is  questionable  whether  high  compression  results  in 
an  increase  in  the  rapidity  of  carbon  formation.  It  is 
obvious,  however,  that  the  higher  temperatures  before 
ignition  due  to  high  compression  will  make  an  engine 
sensitive  to  carbon  deposits. 

The  details  of  the  spark-plug  and  the  special  head  are 
illustrated  in  Fig.  2.  The  mica  core  and  its  gland  are 
held  by  the  steel  shell  that  is  shown  in  the  upper  left- 
hand  corner.  The  lower  end  of  this  shell  is  screwed  into 
the  cylinder-head  shown  at  the  right  of  the  illustration 
and  replaces  the  standard  spud  that  is  cast  integrally 
with  the  conventional  cylinder-head  and  holds  the  top  of 
the  water-jacket  in  place.  The  water  is  in  contact  with 
the  steel  shell,  which  eliminates  a  threaded  joint  and  a 
thickness  of  metal  between  the  core  and  the  jacket  water, 
thereby  facilitating  the  transfer  of  heat  from  the  core. 
The  question  about  the  definition  of  detonation  is  rather 
a  delicate  one.  Every  one  seems  to  have  his  own  idea 
about  it,  and  many  of  the  ideas  do  not  agree  very  well. 
It  seems  that  we  have  two  kinds  of  knock;  that  is,  a  knock 
that  is  lfke  a  "ping,"  and  a  knock,  a  dull  heavy  thud,  that 
succeeds  this  ping  when  the  spark  is  retarded.  I  do  not 
know  whether  they  are  both  caused  by  detonation.  I  am 
satisfied  that  the  latter  one  is.  It  may  be  that  the  other 
is  also,  but  it  occurs  at  a  different  point  on  the  stroke  of 
the  engine.  For  instance,  if  a  detonation  occurs  from  the 
hot-spot  end  of  the  cylinder,  the  explosion  would  occur 
well  ahead  of  the  dead-center  in  that  case,  or  at  some 
place  ahead  of  the  dead-center.  If  there  is  an  early 
spark,  the  same  sound  is  present.     If  the  spark  is  re- 


tarded after  a  period  of  detonation,  the  sound  seems  to 
turn  into  this  dull,  heavy  thud;  so  it  is  pretty  hard  to 
state,  in  my  mind,  just  what  detonation  would  be  there. 
We  have  to  distinguish  between  the  two  in  some  way. 

Regarding  Mr.  Heron's  question  on  wall  temperatures, 
we  always  attempt  to  keep  the  wall  temperature  as  low 
as  possible;  that  is,  consistent  with  the  possibilities  in 
practical  operation.  We  run  our  outlet-water  tempera- 
tures from  around  170  to  190  deg.  fahr.,  and  the  higher 
the  wall  temperature  is,  the  sooner  the  engine  apparently 
shows  some  detonation.  We  found  also  that  whenever 
detonation  starts  from  one  cause  or  another,  such  as 
choked  circulation  or  insufficient  cooling,  the  power  falls 
off  very  rapidly. 

As  to  the  effect  of  mixture  temperature,  raised  by  Mr. 
Tice,  I  think  it  is  one  of  the  most  important  features 
along  this  line.  It  seems  to  me  that  the  detonation  that 
occurs  is  dependent  upon  the  initial  temperature  of  the 
charge,  of  course,  after  the  charge  has  gone  through  the 
process  of  combustion  the  temperature  is  raised ;  so  that, 
the  lower  the  start  is  of  mixture  temperature,  consistent 
with  good  distribution,  the  less  tendency  there  is  to  de- 
tonation.    This  is  an  important  point  in  this  problem. 

I  agree  with  Mr.  Horning  that  the  thermal  efficiency 
at  full  thi-ottle  is  low,  due  to  the  fact  that  the  spark  was 
given  an  advance  of  only  5  deg.  The  investigation  was 
carried  out  to  apply  to  automobile  service  and,  since  the 
major  portion  of  the  running  was  assumed  to  be  done  at 
partial  throttle,  the  efficiency  at  full  load  was  sacrificed 
in  favor  of  the  efficiency  at  part  load.  At  three-fourths 
of  full  power  the  indicated  relative  efficiency  based  on  the 
air-cycle  is  60  per  cent.  I  do  not  know  on  what  basis 
Mr.  Horning  computed  the  efficiencies  that  should  be  ob- 
tained at  the  compression-ratio  adopted. 

O.  C.  Berry: — How  was  the  heat  value  of  the  fuel  de- 
termined? I  feel  that  I  may  be  in  error  in  my  own  work 
in  using  the  higher  heat-value  of  the  gasoline.  When 
we  attempt  to  compare  our  thermal  efficiencies  with 
those  reported  by  the  English,  we  find  that  we  make 
rather  a  poor  showing,  as  their  figures  are  based  on  the 
lower  value. 

I  think  it  is  important  also  to  have  an  exact  statement 
of  how  the  friction  horsepower  has  been  obtained.  I 
have  been  using  three  ways.  One  of  them  is  by  cutting 
out  one  cylinder  at  a  time  and  subtracting  the  total  horse- 
power on  that  basis  from  the  hoi-sepower  of  all  the  cyl- 
inders. This  gives  a  very  pleasing  result  because  it 
makes  it  appear  that  there  is  almost  no  engine  friction. 
Then,  when  the  measurement  is  made  by  motoring  the 
engine  with  the  dynamometer,  we  are  surprised  to  find  at 
least  twice  the  friction  horsepower  that  we  found  previ- 
ously. The  most  accurate  method  of  measuring  the  fric- 
tion probably  is  to  use  the  balanced  diaphragm  meter,  as 
designed  at  the  Bureau  of  Standards.  At  any  rate,  in 
making  a  report  of  this  kind,  we  ought  to  be  very  careful 
to  bring  out  all  this  information,  so  that  we  may  be  able 
to  interpret  the  results  accurately. 

Mr.  Holloway: — The  heat  value  of  the  fuel  we  used 
was  based  on  the  lower  rating;  that  is,  18,900  B.t.u.  This 
value  was  given  by  the  Standard  Oil  Co.  The  friction 
horsepower  was  obtained  from  the  dynamometer  by  mo- 
toring the  engine. 

Mr.  Midgley: — Red  Crown  gasoline  is  one  thing  in 
one  place  and  another  thing  in  another  place.  The  brand 
"Red  Crown"  is  not  a  specification  for  gasoline.  In 
Indiana,  we  find  that  we  will  have  a  large  sulphuric  acid 
absorption  where  the  Red  Crown  gasoline  is  pretty  highly 
unsaturated.     I  would  like  to  have  a  description  of  the 
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fuel,  comprising  the  distillation  curve,  unsaturation,  spe- 
cific gravity  and  temperature  of  critical  dissolution  with 
aniline  after  being  washed  with  sulphuric  acid.  Those 
four  figures  give  a  pretty  fair  criterion  of  what  the  com- 
pression value  of  the  fuel  is. 

Mr.  Tice  : — There  seems  to  be  confusion  about  the  mix- 
ture-ratio statement.  We  all  have  the  habit  of  speaking 
in  terms  of  pounds  of  air  per  pound  of  fuel.  All  the 
literature  includes  that  method  of  statement.  Cannot  the 
Society  standardize  on  one  thing  or  the  other? 

Chairman  Horning: — I,  also,  have  had  great  difficulty 
in  following  the  method  of  expressing  the  ratio  of  fuel 
weight  to  air  weight.  I  think  the  English  started,  with 
the  work  of  the  Gaseous  Explosions  Committee,  to  ex- 
press the  ratio  thus,  13-1,  or  the  weight  of  the  air  to  that 
of  the  fuel.  So,  when  it  comes  to  expressing  it  decimally, 
it  is  not  clear  to  me. 

What  heat  value,  in  British  thermal  units,  is  used  when 
figuring  the  thermal  efficiency?  That  is  an  important 
point  because  some  of  us  are  claiming  some  very  high 
thermal-efficiencies.  Our  company  figures  on  the  basis  of 
19,400  B.t.u.  We  get  somewhat  over  20,000  B.t.u.  in 
much  of  our  fuel. 

E.  H.  Sherbondy: — In  this  connection,  for  the  first 
tests  in  blast-furnace-gas  work  there  is  one  value  in 
natural  gas  and  in  the  various  artificial  gases  there  are 
different  heat-values,  the  rating  always  being  on  the 
basis  of  British  thermal  units  per  brake  horsepower.  I 
think  that  would  be  a  very  much  more  satisfactory  basis 
for  rating,  than  to  rate  on  the  basis  of  pounds. 

Chairman  Horning: — Mr.  Midgley,  what  heat  value 
do  you  use  for  that  Red  Crown  gasoline? 

Mr.  Midgley: — In  round  figures,  20,000  B.t.u.  per  lb. 
I  feel  that  the  actual  value  is  the  only  value  to  use  and 
that  it  really  should  be  the  lower  heating-value.  The 
arbitrary  way  of  stating  it  at  20,000  B.t.u.  or  19,400  B.t.u. 
or  whatever  value  one  may  select,  undoubtedly  has  been 
fairly  satisfactory  during  the  last  10  years,  but  we  are 
looking  forward  to  a  period  when  benzol,  alcohol  and  ma- 
terials with  different  ratings  per  pound  will  come  into 
use.  We  will  not  be  able  to  standardize  on  those  things 
nearly  so  readily  in  the  future.  For  the  future,  we 
ought  to  look  forward  to  the  actual  rather  than  an  as- 
sumed value.  We  have  used  20,000  B.t.u.  just  because 
it  is  a  round  number,  and  for  no  other  reason. 

Chester  S.  Ricker: — Is  it  not  a  question  whether  you 
are  using  the  higher  or  the  lower  calorific  value  of  the 
fuel?  Is  it  not  a  question  of  whether  you  are  considering 
that  the  by-products  include  water  that  goes  away  as 
steam? 

Prof.  W.  E.  Lay: — We  have  been  using  from  19,600 
to  19,800  B.t.u.  at  the  University  of  Michigan. 

W.  S.  James: — At  the  Bureau  of  Standards  the  lower 
heating-value  has  been  used  and  usually  it  has  been  deter- 
mined experimentally.  The  lower  heating-values  have 
been  used  because  it  is  believed  that  the  higher  heating- 
value,  including  the  latent  heat  of  the  steam  that  is 
formed  during  combustion,  is  an  ideal  figure  that  has 
no  real  significance  in  an  engine  of  the  type  now  used. 

John  W.  Stack: — We  usually  state  the  heat  value  at 
19,400  B.  t.u.,  as  being  the  low  value.  The  high  value  is 
sometimes  21,000  B.t.u. 

H.  S.  McDewell:— If  a  heat  value  for  the  fuel  has 
not  been  assumed,  that  information  is  conveyed  just  as 
well  by  the  fuel  consumption.  One  is  only  misleading 
himself  if  he  states  a  thermal  efficiency  on  that  basis. 
With  the  ordinary  commercial  gasoline  about  20,500 
B.t.u.  is  the  high  value.    I  believe  in  using  the  high  rather 


than  the  low  heat-value,  because  that  is  what  is  put  into 
the  engine. 

Mr.  Richer: — Valve-timing  is  not  mentioned  in  the 
paper.  You  speak  of  compression-ratio,  yet  what  does  it 
really  mean?  You  can  move  the  compression  up  and 
down  the  horsepower  curve  so  readily  by  changing  valve- 
timing  that,  without  a  knowledge  of  the  actual  valve-tim- 
ing of  an  engine,  little  is  known  about  the  compression 
and  the  effective  pressures  in  the  combustion-chamber. 

Mr.  Holloway: — The  valve-timing  used  was  the  stan- 
dard timing  of  the  Willys-Knight  engine. 

Chairman  Horning: — We  have  demonstrated  that 
there  are  a  number  of  different  heat-values  in  British 
thermal  units  used  for  fuel;  it  is  a  subject  that  the  So- 
ciety and  the  Research  Committee  could  well  take  up.  It 
is  very  important  to  know  exactly  the  value  of  the  fuel 
and  the  correct  lower-value  when  making  scientific  in- 
vestigations of  an  engine.  It  is  very  serious,  for  in- 
stance, if  an  Englishman  or  a  Frenchman  says  that  he 
gets  a  33-per  cent  indicated  thermal  efficiency,  for  him  to 
be  figuring  on  one  basis  and  for  us  to  be  figuring  on  an- 
other. We  simply  cannot  compare  the  readings.  I  have 
found  it  very  difficult,  in  getting  the  relative  efficiency, 
where  comparing  with  the  other  fellow. 

A.  A.  Bull: — Referring  to  the  report  of  the  tests  con- 
ducted with  high  compression,  the  first  impression  is  the 
apparent  ease  with  which  satisfactory  operation  without 
detonation  was  obtained.  There  are  some  interesting  dis- 
closures, however.  In  propounding  the  theory  of  detona- 
tion, it  is  stated  that  "unless  the  heat,  due  to  this  latter 
compression,  is  transferred  to  the  combustion-chamber 
walls  as  rapidly  as  it  is  generated,  the  temperature  of  the 
entire  mass  of  the  gas  rises  to  the  ignition  point  and 
explodes  instantaneously."  Surely,  this  needs  some  quali- 
fication, as  the  heat-loss,  if  this  were  true,  would  greatly 
reduce  the  effective  work  done  in  expansion.  This  condi- 
tion, however,  introduces  the  question  as  to  what  influ- 
ence the  stroke-bore  ratio  has  on  the  expansion  character- 
istics and  its  effect  on  detonation. 

In  summarizing  the  salient  features  that  permit  carry- 
ing high  compression,  reference  is  made  to  the  necessity 
for  comparatively  cool  exhaust-valves.  It  is  unfortunate 
that  actual  temperatures  in  the  engine  under  investiga- 
tion were  not  obtained,  so  that  the  limit  to  which  these 
temperatures  can  run  could  be  determined.  In  this  con- 
nection the  factors  that  affect  the  exhaust-valve  tempera- 
ture, the  valve-timing,  the  seat  width  and  the  proper  cool- 
ing of  the  seat,  should  certainly  receive  strict  attention 
if  the  valves  exercise  such  a  distinct  influence  on  high 
compression. 

The  necessity  for  aluminum  pistons  in  place  of  those 
made  of  gray  iron  is,  of  course,  in  accord  with  prevailing 
general  opinion,  except  that  the  benefits  are  minimized 
considerably  by  the  presence  of  carbon  in  actual  service. 

It  has  been  our  experience  that  higher  mixture-temper- 
atures do  influence  detonation;  but,  on  the  other  hand, 
instances  have  occurred  where  abnormal  heating  actually 
has  reduced  the  tendency  to  knock.  It  appears  to  be 
essential  that  heat  control  be  provided  in  proportion  to 
the  throttle  opening,  limiting  the  temperature  under 
open-throttle  conditions. 

It  is  interesting  to  observe  the  results  obtained  by  the 
use  of  the  sleeve-valve  engine,  which  seem  to  indicate  that 
the  higher  valve-temperatures  do  have  a  decided  bearing. 
Perhaps  the  most  significant  portion  of  the  results  is 
the  reference  to  the  spark-advance  at  full  load,  but  it  is 
not  clear  whether  the  spark-advance  of  5  deg.  at  full 
load  was  the  maximum  that  could  be  used  to  avoid  detona- 
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tion,  or  the  spark-advance  that  was  necessary  to  obtain 
the  maximum  power.  Unquestionably,  the  spark-advance 
has  a  very  decided  influence,  the  importance  of  which  is 
perhaps  not  generally  recognized,  particularly  on  heavy- 
duty  engines.  In  this  connection  the  combustion-chamber 
design  had  a  distinct  bearing;  for  instance,  it  happens 
frequently  that  the  spark-advance  required  for  the  maxi- 
mum power  is  in  the  zone  of  detonation,  and  a  reduction 
in  the  spark-advance  away  from  the  zone  of  detonation 
reduces  the  power.  I  have  in  mind  some  experiments 
conducted  along  this  line,  clearly  showing  the  possibility 
of  having  a  considerable  range  between  the  spark-advance 
that  would  produce  detonation  and  the  reduction  in  the 
spark-advance  that  was  possible  without  reducing  the 
power.  This  range  was  between  24  and  14  deg.  at  1000 
r.p.m.  The  control  of  the  spark-advance,  in  proportion 
to  the  throttle  opening,  is  worthy  of  more  consideration. 
It  is  true  that  the  higher  compressions  that  provide  bet- 
ter combustion  conditions  make  it  unnecessary  to  have 
the  ignition  point  so  far  ahead  of  the  upper  center  as  is 
usually  necessary,  and  the  combination  of  the  two  factors 
increases  but  very  little  the  tendency  to  knock.  The  in- 
fluence of  high  compression  under  actual  operating  condi- 
tions must  be  taken  into  consideration.  The  presence  of 
carbon,  which  is  more  or  less  inevitable,  and  many  other 
factors,  prohibit  the  use  of  compressions  that,  from  a 
theoretical  standpoint,  are  ideal.     Some  control  can  be 


exercised  over  this,  however,  by  arranging  a  compression 
curve  properly,  so  that  the  lower  compressions  exist  at 
the  lower  speeds,  under  which  conditions  the  knock  is 
most  pronounced. 

Mr.  Holloway  : — The  factor  that  apparently  has  a  de- 
cided influence  on  detonation  is  the  manner  in  which  com- 
bustion proceeds  after  inflammation  has  been  started  by 
the  electric  spark.  If  the  reaction  is  carried  to  completion 
by  the  normal  propagation  of  the  flame-front,  no  detona- 
tion will  occur.  If  the  entire  charge  in  the  combustion- 
chamber  reaches  the  ignition  temperature  simultaneously, 
however,  the  explosion-pressure  will  be  terrific.  The 
logical  method  of  maintaining  normal  combustion  condi- 
tions is  to  prevent  a  rise  in  the  temperature  to  the  point 
at  which  the  action  is  instantaneous.  The  effect  of  the 
combustion  of  the  initial  portion  of  the  charge  is  to  com- 
press all  of  the  unburned  gas  and  in  that  way  to  raise 
its  temperature.  One  way  to  limit  this  temperature-rise 
is  to  provide  an  avenue  for  the  dissipation  of  the  heat  in 
the  gas  and  thus  to  give  no  chance  for  detonation.  A 
path  for  the  escape  of  sufficient  heat  to  prevent  detonation 
would  not  necessarily  involve  an  appreciable  increase  in 
the  radiation  loss  during  the  expansion  stroke.  With  the 
high  temperatures  of  the  burned  gas,  the  change  in  the 
cylinder-wall  temperatures  required  to  affect  the  rate  of 
heat-transfer  noticeably  would  be  much  greater  than 
that  necessary  to  overcome  detonation. 


TESTING  FUELS  FOR  HIGH-COMPRESSION 

ENGINES 


BY   STEPHEN   M.  LEE  AND   STANWOOD  W.   SPARROW 


THIS  paper  is  concerned  with  certain  of  the  methods 
used  and  results  obtained  in  two  investigations  of 
fuels  for  high-compression  aviation  engines.  The  fuels 
in  question  are  benzol  and  ethyl  alcohol,  either  alone  or 
as  blended  with  gasoline. 

The  necessity  of  mixture-ratio  runs  in  fuel  investi- 
gations is  vigorously  emphasized.  In  that  the  tendencies 
of  a  fuel  to  detonate  or  preignite  limit  the  conditions 
under  which  it  may  be  used,  methods  of  estimating 
these  characteristics  are  discussed.  Also  a  graphical 
representation  has  been  made  to  illustrate  the  rela- 
tion between  compression  pressure,  compression-ratio, 
volumetric  efficiency  and  indicated  power  in  order  that, 
with  a  given  engine,  the  effect  on  detonation  of  chang- 
ing engine  conditions  may  be  estimated. 

Results  characterizing  the  performance  of  the  dif- 
ferent fuels  are  mentioned  and  particular  attention  is 
directed  to  cases  where  these  results  are  in  contrast 
with  current  opinion.  [Printed  in  the  January,  1923, 
issue  of  The  Journal.] 

THE  DISCUSSION 

E.  H.  Sherbondy: — What  is  the  heat-value  of  benzol? 

Stephen  M.  Lee: — The  heat-value  of  motor  benzol  was 
taken  at  17,300  B.t.u.  per  lb.,  the  lower  heat-value. 

Chester  S.  Ricker: — Some  controversy  has  arisen  in 
regard  to  the  bad  effect  on  the  life  of  the  valves,  of  burn- 
ing benzol  in  an  ordinary  engine.  What  experience  have 
you  had  in  this  regard? 

Mr.  Lee: — When  using  the  blended  fuels  and  high 
ratios  the  valves  were  not  found  to  be  any  more  burnt 
or  worn  than  with  gasoline  at  the  lower  ratios. 

Mr.  Lipton: — Fig.  7  of  the  paper  shows  volumetric 
efficiency.  What  temperatures  were  indicated  in  the  in- 
take-manifold? 

Mr.  Lee: — The  air  temperature  at  the  entrance  to  the 


carbureter  of  the  one-cylinder  engine  was  maintained 
constant  at  30  deg.  cent.  (86  deg.  fahr.).  The  intake- 
manifold  temperature  was  not  taken. 

Chairman  H.  L.  Horning: — It  is  evident  that  we  can 
run  at  much  higher  compression  than  we  are  using  at 
present. 

Mr.  Sherbondy' : — In  connection  with  these  tests,  a 
point  not  very  generally  appreciated  relates  to  the  fuel 
consumption  and  the  thermal  efficiency  where  a  constant 
pressure  enters.  We  have  all  heard  about  the  wonderful 
efficiency  of  Diesel  engines,  and  these  tests  bear  out  the 
theory  that  the  fuel  consumption  of  the  constant-volume 
engine  can  be  much  lower  than  that  of  the  constant-pres- 
sure engine.  The  idea  seems  to  be  very  prevalent  among 
engineers  the  world  over  that  the  constant-pressure  cycle 
is  more  efficient  than  the  constant-volume.  This  is  not 
borne  out  by  actual  tests.  Recently,  I  witnessed  a  test 
of  a  good-sized  Diesel  engine.  It  was  rated  at  135  hp.  and 
weighed  about  250  lb.  per  b.  hp.  The  builders  thought 
they  had  a  very  light,  very  efficient  engine.  The  fuel  con- 
sumption was  about  0.58  lb. 

Mr.  Lee: — The  efficiency  of  an  engine  operating  on 
either  the  constant-pressure  (Diesel)  cycle  or  the  con- 
stant-volume (Otto)  cycle  depends  upon  the  expansion- 
ratio.  Usually  the  expansion-ratio  of  a  constant-pressure 
engine  is  higher  than  that  of  a  constant-volume  engine. 
The  purpose  of  this  work  is  to  make  possible  an  increase 
in  the  expansion-ratio  of  engines  operating  on  the  con- 
stant-volume cycle.  I  would  like  to  ask  Mr.  Sherbondy 
whether  the  fuel-consumption  figure  he  quoted  for  the 
Diesel  engine  was  per  brake-horsepower  hour  or  per 
indicated-horsepower  hour? 

Mr.  Sherbondy  : — Per  indicated-horsepower  hour. 

Thomas  Midgley,  Jr.  : — A  member  of  a  firm  of  Diesel 
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engine  builders  in  Germany,  who  is  a  high-grade  engi- 
neer, showed  me  the  results  of  an  experiment  conducted 
on  an  automotive-size  Diesel  engine,  giving  0.68  lb.  per 
hp-hr.  at  one-quarter  torque;  I  showed  him  the  tests  of 
a  7-to-l  compression-ratio,  Chevrolet  engine  that  gave 
0.67  lb.  per  hp-hr.,  and  he  acknowledged  that  such  results, 
with  the  knock  eliminated,  meant  that  there  is  only  a  very 
limited  field  for  the  Diesel  engine  in  automotive  work. 

W.  S.  James: — Regarding  the  relative  efficiency  of  the 
constant-pressure  and  the  constant-volume  cycles,  the 
efficiency  of  the  constant-volume  cycle  is  dependent  upon 
the  volumetric  expansion-ratio.  In  the  constant-pressure 
cycle  the  efficiency  is  dependent  upon  the  expansion-ratio 
at  the  time  when  expansion  begins.  The  Diesel  engine 
may  therefore  be  inherently  handicapped  by  the  fact  that 
a  significant  interval  of  time  is  required  to  ignite  and 
burn  the  fuel  before  the  actual  expansion  starts. 

Chairman  Horning: — That  is  an  excellent  distinction. 
I  will  read  some  fuel-consumption  figures  in  pounds  per 
indicated-horsepower-hour  taken  from  an  engine  that  has 
been  on  the  road  for  3  months  and  was  found  satisfactory 
by  the  driver  for  accelerating  power  and  the  like.  At 
600  r.p.m.,  0.487  lb.  per  i.  hp-hr. ;  at  800  r.p.m.,  0.474  lb. ; 
at  1000  r.p.m.,  0.463  lb.;  at  1200  r.p.m.,  0.450  lb.;  at 
1400  r.p.m.,  0.440  lb.;  and  at  1600  r.p.m.,  0.430  lb.  When 
we  showed  that  to  a  Diesel-engine  man,  he  collapsed. 

S.  W.  Sparrow: — In  regard  to  roughness  of  operation 
with  the  high-compression  engine,  the  engine  ran  as 
smoothly  and  with  no  more  vibration  at  the  14  to  1  com- 
pression-ratio as  it  did  at  the  low  compression-ratio.  If 
high-compression  engines  have  shown  this  roughness,  it 
probably  has  been  a  case  of  preignition  that  was  not  pro- 
nounced enough  to  diminish  the  power  seriously,  and  yet 
was  not  audible  as  detonation.  That  is  very  much  the 
thing  that  Mr.  Holloway  has  been  working  to  eliminate. 
Such    preignition    may    make    an    engine    operate    very 


roughly  although  with  only  a  small  decrease  in  power  and 
with  no  audible  detonation. 

Mr.  Midgley  : — This  matter  of  roughness  is  a  bugaboo. 
We  made  a  mistake  when  putting  up  a  high-compression 
engine.  We  planned  to  make  the  ratio  7  to  1,  but  we 
found  we  had  to  leave  an  extra  1/16  in.  on  top  of  the  pis- 
ton and  this  gave  a  225-lb.  per  sq.  in.  compression.  That 
machine  is  being  driven  every  day  and  has  been  driven 
for  10  months  and  is  entirely  satisfactory.  There  is  no 
roughness;  it  is  just  as  smooth  as  an  engine  is  normally. 
I  drove  a  Chevrolet  car  having  a  160-lb.  per  sq.  in.  com- 
pression-pressure one  summer;  there  is  no  roughness. 

Mr.  Sherbondy: — One  practical  point  in  connection 
with  detonation  is  cylinder  construction.  Loose-head  en- 
gines are  fairly  common  now,  but  the  great  disadvantage 
of  a  loose-head  engine  is  the  very  high  charge-tempera- 
ture that  attends  its  use.  I  believe  it  is  impossible  to  get 
anything  like  the  mean  effective  pressure  with  the  loose- 
'head  engine  that  can  be  obtained  with  the  other  type. 
Another  problem  is  that  of  thin  versus  thick  cylinders. 

Mr.  Ricker: — On  an  engine  with  which  I  was  experi- 
menting we  increased  the  compression  about  25  or  30  lb. 
per  sq.  in.  and  experienced  the  roughness  that  J.  G.  Vin- 
cent mentions.  A  little  later,  we  ran  the  same  engine 
with  different  manifolds  that  were  designed  to  give  more 
uniform  distribution  and  the  roughness  was  gone. 

Chairman  Horning:  —  One  of  the  ways  of  telling 
where  you  are  wrong  is  to  listen  for  detonation  in  the 
various  cylinders  and  find  out  whether  the  manifolds  are 
wrong  as  to  distribution  and  so  find  out  which  cylinder 
is  getting  the  most  charge.  In  a  very  recent  test,  the 
best  fuel-consumption  was  0.510  per  b.  hp-hr.,  but,  by 
modifying  the  manifold,  it  went  down  to  0.485  lb.  That 
was  all  that  was  done.  It  really  should  have  been  0.440 
lb.  The  difference  between  0.440  and  0.485  lb.  per  b. 
hp-hr.  was  chargeable  almost  entirely  to  distribution. 


IMMEDIATE  POSSIBILITIES  OF  COMMERCIAL 

AIRPLANE  SERVICE 


BY    C.    G.    PETERSON 


STATING  that  the  heretofore  impassable  barriers  to 
commercial  aviation  have  been  costs  and  the  lack  of 
desire  of  the  public  to  fly  often,  or  to  fly  at  all,  the 
author  proposes  that  the  public,  which  must  constitute 
the  market  for  airplanes  on  a  commercial  basis,  be 
educated  by  a  demonstration  of  safe  and  reliable  pay- 
load  airplane-service  extended  over  an  indefinite  period, 
and  outlines  a  plan  that  includes  the  surmounting  of 
cost  deterrents. 

He  marshals  arguments  and  statistics  to  show  that 
such  a  public  demonstration  can  be  made  by  a  proper 
and  adequate  equipment,  operation  and  maintenance 
of  the  Aerial  Mail  Service,  since  it  has  been  demon- 
strated already  by  this  service  that  mail  can  be  car- 
ried safely  by  air  and  that  it  can  be  flown  through 
hard  Northern  winter  weather.  His  statistics  include 
a  consideration  of  the  present  volume  of  mail,  spe- 
cial-delivery-letter and  parcel  or  package-carrying 
possibilities  as  revenue  producers,  being  inclusive 
also  of  the  postal  rates  necessary  under  such  condi- 
tions. 

An  estimate  on  the  cost  of  equipping  and  operating 
a  night-flying  line  between  New  York  City  and  Chi- 
cago, based  on  present  equipment,  is  given.  The  author 
believes  that  passenger  traffic  would  follow  unsolicited 
just  as  soon  as  the  public  realized  that  the  mail  air- 
planes were  flying  safely  and  on  time.  [Printed  in  the 
March,  1923,  issue  of  The  Journal.] 


THE  DISCUSSION 


C.  G.  Peterson: — We  will  need  the  support  of  every 
one  in  the  aeronautical  industry  when  the  time  really 
comes  to  influence  Congress.  The  bill  that  will  be  re- 
quired can  be  written  in  10  lines.  All  that  is  needed  is 
for  Congress  to  authorize  the  Postmaster  General  to  let 
contracts  for  carrying  mail.  If  such  a  bill  is  passed,  the 
appropriation  will  follow.  It  need  not  be  large.  As  soon 
as  real  commercial  aviation  comes  through  at  carrying 
the  mail,  we  can  expect  the  public  to  start  flying  con- 
sistently right  after  that. 

Charles  M.  Manly: — The  important  thing  that  we 
must  do  for  aviation  is  to  find  work  for  it.  The  remarks 
of  the  speakers  have  all  tended  toward  this  one  big  and 
important  point  of  keeping  the  industry  going  and  find- 
ing means  of  keeping  it  going.  The  thing  that  keeps  all 
industries  going  is  selling  the  goods.  The  situation  in 
connection  with  aviation  is  that  we  must  find  susceptible 
customers  and  build  up  a  business  by  selling  what  we 
have.  Mr.  Peterson  has  pointed  to  mail  service  as  being 
a  very  important  line  to  sell,  and  I  think  this  is  one  of 
the  things  that  we  should  work  on  to  create  a  strong 
favorable  sentiment.  If  we  could  show  the  farmer  how 
this  would  benefit  him,  we  would  get  appropriations  at 
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once.  If  we  can  show  him  that  air-mail  service  brings 
him  nearer  to  the  city,  we  can  get  an  appropriation,  even 
if  it  involves  a  loss  to  the  Post  Office  Department.  To  get 
the  farmer's  mail  to  him  quicker,  or  take  something  that 
he  wants  to  him,  will  help  to  sell  commercial  aviation.  We 
must  cudgel  our  brains  to  sell  this  proposition.  I  feel 
less  downcast  over  the  situation  than  many  probably  do, 
because  I  have  passed  through  still  worse  stages  of  it. 

Aviation  will  go  on,  but  if  we  are  to  build  up  an  in- 
dustry we  must  sell  what  we  have  and  not  sit  around  and 
simply  wish  and  hope.  The  big  thing  is  to  keep  hammer- 
ing on  the  proposition  of  selling  mail  service  here,  over- 
water  transportation  from  Florida,  Detroit,  Cleveland 
and  other  places,  thus  getting  the  cumulative  effect  of 
it  all  and  in  that  way  building  up  the  business. 

Mr.  Peterson  also  mentioned  that  no  airplanes  have 
been  produced  and  sold  for  commercial  purposes  at  a 
profit  that  were  complete  new  machines.  That  is  a  seri- 
ous situation;  however,  it  is  partly  tied  up  with  the  fact 
that  production  is  not  yet  great  enough  to  justify  quan- 
tity-production methods.  Also,  many  of  the  things  that 
we  have  to  use  are  very  expensive  anyhow,  and  possibly 
economics  enters  in  that  we  have  a  quantity  of  equipment 
that  was  built  during  the  war  and  it  is  natural  to  keep 
on  trying  to  use  it  to  reduce  the  expense. 

There  are  many  places  where  aviation  can  be  used, 
however,  if  more  of  us  will  give  our  time  to  trying  to  sell 
the  thing  and  fewer  of  us  try  to  invent  new  machines 
and  improve  some  theoretical  design.  The  big  thing  to- 
day is  to  sell  aviation  and  to  sell  the  Government  on  the 
idea  that  it  must  build  up  its  military  power  through 
having  the  factory  facilities  and  having  these  designs 
worked  out  completely.  There  is  no  excuse  today  for  our 
military  services  being  in  such  a  situation  that  they  can- 
not immediately  pull  the  blueprints  out  of  the  files  and 
order  machines  built  according  to  them.  We  ought  to  have 
learned  our  lesson  from  the  last  war  on  that.  The  most 
expensive  thing  we  had  was  delay.  So,  we  must  sell  the 
military  side  as  well  as  the  Post  Office  Department.  Then 
we  must  sell  aviation  in  all  these  other  applications,  such 
as  carrying  passengers,  light  express  matter  and  the 
like.  We  must  utilize  the  places  where  we  have  the  great- 
est chance  to  make  the  best  showing  on  the  economics 
of  it. 

C.  D.  Hanscom  : — I  was  rather  surprised  when  Mr. 
Peterson  brought  out  the  fact  that  it  only  takes  1  cent 
per  letter  to  carry  the  mail.  I  had  suposed  it  was  IV2 
cents.  If  my  figures  are  correct,  his  estimate  of  200,000,- 
000  letters  per  year  would  give  something  like  13,000  lb. 
per  day  and,  with  that  amount  of  mail,  I  think  that  his 
figure  can  be  beaten.  I  think  that  we  can  carry  a  letter 
for  0.8  cent  from  New  York  City  to  Chicago,  terminal  to 
terminal ;  that  is,  without  profit.  For  1  cent,  which  is  the 
amount  that  is  left  after  the  Government  gets  through, 
we  would  have  a  reasonable  profit  included.  I  think  that 
we  actually  can  make  a  commercial  proposition  of  the 
mail  under  those  conditions  now.  Certainly  we  should  be 
able  to  with  the  additional  express  and  special  service 
that  would  be  available. 

Lee  D.  Warrender  : — Regarding  the  need  of  educating 
the  public,  last  fall  when  the  races  were  on  a  blimp  burnt 
up  down  in  Texas  and  there  were  big,  flaring  headlines 
across  the  tops  of  the  newspapers.  When  I  went  into  an 
engineer's  club,  a  practical  engineer  said :  "Is  that  one  of 
the  machines  that  made  the  speed  record  last  week?"  If 
that  is  the  extent  of  ignorance  among  people  who  should 
know  better,  public  education  is  a  very  serious  problem 
and  is  a  momentous  one  to  tackle  and  handle. 


Regarding  noise,  I  was  making  a  flight  from  Dayton  to 
the  City  of  Washington  in  one  of  the  Martin  bombing 
airplanes  and  I  became  tired  and  went  to  sleep  riding  in 
the  front  cockpit ;  I  was  asleep  for  at  least  1  hr.  right 
between  the  two  engines.  I  did  the  same  thing  going 
from  Indianapolis  to  Dayton,  flying  in  a  Liberty.  If 
one  person  can  be  educated  to  be  able  to  sleep  in  an  air- 
plane, the  same  thing  can  be  done  with  the  public. 

Practically  everybody  here  seems  to  be  afraid  of  metal 
construction.  They  speak  of  it  and  pass  it  by.  I  think 
they  are  afraid  because,  in  the  past,  most  of  the  airplanes 
have  been  made  out  of  wood.  They  know  wood ;  it  is  easy 
to  work  and  they  do  not  go  to  people  who  have  had  experi- 
ence in  metal  construction;  they  will  put  some  man  who 
has  never  had  any  experience  with  metal  construction  in 
charge  of  all  that  work. 

With  regard  to  the  comparative  operation  of  wood- 
working and  metal-working  machinery,  the  former  is 
built  to  work  with  limits  of  ±  1  64  in.,  and  metal-work- 
ing machinery  is  built  to  operate  with  limits  of  =t 
0.0001  in.,  which  gives  a  comparison  of  the  quality  of  the 
machinery  and  the  type  of  work  that  it  can  do. 

Edward  Schildhauer: — To  follow  out  Mr.  Manly's 
argument,  we  must  get  to  the  farmer,  because  he  is  in 
the  majority.  There  is  no  greater  farming  section  than 
the  Middle  West.  The  finest  landing-fields  are  there  be- 
cause it  is  a  prairie.  What  the  farmer  in  the  Middle 
West  wants  is  goods  and  mail  from  the  East;  he  is  in- 
terested in  what  is  coming  from  a  long  distance. 

It  is  not  necessary  that  aeronautics  be  subsidized  by  the 
Government,  or  to  go  to  the  Government  and  ask  for 
favors.  If  the  aeronautic  industry  will  layout  a  plan  of 
action  such  as  I  propose,  I  believe  that  it  can  be  put  across 
by  the  business  men  of  the  Country  because  they  will  de- 
mand expansion.  It  is  a  fact  that  goods  delivered  by 
overnight  trains  can  be  delivered  during  the  following 
forenoon  by  airplanes  and  advance  the  time  of  delivery. 
It  is  also  a  fact  that  airplanes  cannot  compete  with  trains 
that  deliver  goods  produced  at  the  starting  point  of  the 
airplane  because  the  trains  have  the  advantage  of  the 
night  schedule.  The  goods  must  come  from  a  ride  over- 
night to  that  point,  and  the  airplane  must  start  out  in  the 
morning.  Airplanes  cannot  compete  with  trains  unless 
they  fly  by  night,  and  we  have  not  yet  arrived  at  the 
period  in  the  expansion  of  airplane  usage  that  enables  an 
airplane  to  fly  at  night.  I  do  not  pose  as  an  authority; 
but  I  have  read  about  night-flying  by  airplanes,  and 
night-flying  of  airplanes  in  fogs  and  landing  in  fogs.  It 
is  the  consensus  of  opinion  today  that  an  airplane  cannot 
land  in  a  fog  on  a  commercial  basis;  neither  can  it  fly  by 
night  on  a  commercial  basis  unless  the  airplane  route  is 
laid  out  so  that  there  is  a  landing-field  that  it  can  glide  to, 
and  this  landing-field  is  ready  and  free  of  fog  when  the 
airplane  wants  to  use  it. 

I  propose  that,  since  the  goods  to  be  delivered  by  air- 
plane should  have  night  travel  to  save  time,  a  backbone- 
service  of  airships  be  established  between  New  York  City 
and  Chicago,  the  airship  to  leave  New  York  City  at  night 
and  arrive  in  Chicago  at  dawn.  From  the  same  field,  air- 
planes would  then  distribute  to  St.  Louis,  Kansas  City, 
Omaha,  Sioux  City,  St.  Paul,  Superior,  Green  Bay,  Mil- 
waukee and  to  the  cities  within  that  entire  area.  In  the 
afternoon,  additional  airplanes  would  start  from  those 
points  that  are  say  400  miles  distant,  and  come  to  Chi- 
cago bringing  the  banking  papers,  the  mail  and  other 
express  matter  that  goes  East.  At  night,  the  airships 
would  leave  Chicago  and  land  in  New  York  City  and  dis- 
tribute there  the  next  morning.     This  would  provide  a 
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backbone-service  with  an  auxiliary  service  stretching  out 
for  the  business.  When  we  establish  a  service  that  will 
make  a  Chicago  or  a  St.  Paul  man  realize  that  goods  pur- 
chased in  New  York  today  can  be  received  by  him  to- 
morrow before  noon,  he  would  not  care  whether  he  paid 
15,  20  or  30  cents  per  lb.  for  such  quick  delivery.  That  is 
not  true  for  all  goods,  but  I  say  that  it  is  true  for  special 
goods.  Out  of  the  400-odd  carloads  of  express  matter 
that  originates  in  this  metropolitan  district  daily,  we 
may  expect  that  from  50  to  60  carloads  will  go  to  Chicago 
and  the  Chicago  gateway.  Even  at  10,000  lb.  per  carload, 
and  a  carload  is  usually  20,000  lb.,  one  can  calculate  how 
much  special  material  there  should  be  in  that  mass  of 
stuff  to  provide  a  load  for  airships.  With  an  airship,  we 
could  transport  one  or  two  carloads  readily;  and,  I  dare 
say,  when  that  service  has  been  established,  the  business 
would  come  to  it.  The  experience  of  the  express  com- 
panies has  been  that  whenever  they  have  established  a 
faster  route,  business  has  traveled  that  route.  The 
American  Railway  Express  Co.  will  verify  the  fact  that 
business  will  follow  the  route  of  the  greatest  speed.  By 
the  plan  that  I  propose,  we  will  get  speed  and  get  the  air- 
plane transportation  where  it  belongs,  as  a  feeder  for  the 
airship. 

Chairman  E.  P.  Warner:  —  Mr.  Peterson  specified, 
when  giving  his  figures  for  the  New  York  City  to  Chi- 
cago air-mail  line,  that  four  airplanes  would  run  each  way 
each  night  and  that  there  would  be  a  total  of  60  planes  in 
service,  with  a  1000-hr.  life  for  each  airplane.  It  seems 
to  me  that  this  is  a  very  excessive  reserve.  If  we  have 
to  have  a  reserve  of  650  per  cent,  the  airplane  is  not  good 
enough  for  commercial  service  at  present;  200  per  cent 
should  be  an  ample  reserve.  An  airplane  life  of  1000  hr. 
is  not  satisfactory;  we  ought  to  get  a  3000-hr.  life  at 
least,  and  I  think  we  can  get  that  now,  as  a  matter  of  fact, 
under  proper  conditions.  That  is  the  very  minimum  that 
should  be  considered  for  commercial  operation. 

We  cannot  depend  on  commercial  operation  to  keep  the 
aircraft  industry  alive  even  under  a  subsidy  until  it  is 
tremendously  magnified  beyond  anything  that  at  present 


exists  either  here  or  abroad.  Mr.  Peterson's  figures 
called  for  only  20  new  airplanes  per  year  on  this  New  York 
City-Chicago  route,  and  I  think  his  figures  are  very 
liberal  in  that  respect.  According  to  the  best  figures  that 
I  could  secure,  the  French  Government  is  purchasing 
about  1500  airplanes  per  year  at  present  for  military  pur- 
poses. It  is  subsidizing  commercial  air-lines.  The  French 
air-lines  are  taking  about  60  to  75  airplanes  per  year, 
about  one-twentieth  of  the  military  demand.  The  French 
factories  are  going  ahead.  I  visited  several  factories  and 
each  of  them  is  employing  more  than  1000  men  on  mili- 
tary-aircraft work  at  present.  The  question  of  the  up- 
keep of  the  industry  should  be  kept  wholly  separate  from 
that  of  operation  for  the  present.  We  cannot  look  to  the 
commercial  operating  firm  to  keep  the  industry  alive. 

Mr.  Peterson  : — I  cannot  attempt  to  go  into  all  the  fig- 
ures that  I  used  in  working  out  those  estimates,  in  a  short 
discussion  such  as  this.  I  figured  on  60  airplanes,  keep- 
ing four  in  the  air  each  way;  a  total  of  eight  for  the 
round  trip.  They  would  be  operated  on  divisions  the  same 
as  is  done  on  the  railroads.  I  would  not  attempt  to  fly 
one  airplane  straight  through  from  New  York  City  to 
Chicago.  Figuring  on  three  divisions,  there  would  be  24 
airplanes  in  the  air  per  day;  so  the  percentage  in  reserve 
is  only  a  little  over  200. 

Mr.  Schildhauer's  idea  is  to  establish  first  an  airship 
route  from  New  York  City  to  Chicago.  There  is  no  doubt 
at  all  that,  on  long  hauls,  airships  would  eventually  be 
cheaper  and  better  than  airplanes.  The  point  is  that  in 
establishing  an  airplane  route,  we  have  the  airplanes  to 
begin  with  and  can  get  the  fields.  For  the  establishment 
of  such  service,  $2,000,000  is  not  an  excessive  sum;  it  is 
exceedingly  small.  But  to  establish  an  airship  line, 
$2,000,000  is  only  a  drop  in  the  bucket.  As  to  the  air- 
plane being  used  for  radiating  and  furthering  airship 
flights,  that,  of  course,  is  one  of  the  developments  that 
is  bound  to  come;  but  it  seems  to  me  it  would  be  very 
disadavantageous  to  attempt  to  go  as  far  at  present  as  to 
ask  support  and  subscriptions  from  the  public  for  a  vast 
airship  line  to  operate  between  those  two  cities. 


MILITARY-AIRPLANE  DEVELOPMENT  AND 
CONSTRUCTION  IN  PEACETIME 


BY  F.  H.   RUSSELL 


THE  reconstruction  period  since  the  war  has  served 
to  establish  aviation  as  an  essential  arm  of  both 
the  military  and  the  naval  forces  of  the  Government. 
This  in  itself  is  a  real  accomplishment.  But  for  sev- 
eral reasons  the  airplane  industry  has  not  performed 
the  service  that  was  expected  of  it  and  has  not  re- 
ceived the  support  that  is  necessary  for  its  existence. 
Although  the  expense  is  great,  the  development  of 
aviation  through  the  facilities  at  MoCook  Field  and  at 
the  Naval  Aircraft  Factory  has  been  hampered  by 
red-tape  and  by  the  fact  that  the  personnel  of  the 
Government  agencies  are  at  the  same  time  the  judges 
of  new  developments  and  the  competitors  of  the  engi- 
neers in  the  industry.  The  result  is  a  feeling  of  reti- 
cence among  civilian  engineers  with  regard  to  dis- 
closing and  developing  new  ideas,  the  retarding  of  the 
advancement  of  service  types,  and  slow  deliveries.  Al- 
though several  companies  at  the  close  of  the  war  were 
well  equipped  to  produce  airplanes  cheaply  and  effi- 
ciently, these  gradually  have  been  driven  out  of  exis- 
tence and  their  places  have  been  taken  by  smaller  or- 
ganizations that  depend  solely  on  casual  orders  which 
return  small  profits. 


Competitive  bidding  has  resulted  in  delay  to  the 
Government  and  loss  to  the  manufacturer;  in  some 
instances  bids  have  been  asked  on  machines  that  had 
not  been  sufficiently  developed  to  allow  the  Govern- 
ment to  furnish  blueprints,  design  data  or  a  bill  of 
material.  The  safety  of  the  Nation  is  predicated  on  a 
dependable  source  of  supply  of  equipment,  especially 
aircraft.  An  important  function  of  the  Government, 
therefore,  is  to  see  that  the  engineering  and  production 
data  are  complete,  uptodate  and  practical.  This  is 
not  usually  the  case,  the  contractor  being  depended 
upon  to  complete  and  correct  the  data;  and  an  unfore- 
seen  loss  of  time  and  money  has  been  entailed.  Early 
development  of  the  art  of  aviation  was  due  to  the  genius 
of  a  few  men,  but  the  development  of  the  future  will 
be  by  organization,  with  specialists  in  every  line;  the 
production  of  the  world's  fastest  airplane  at  the  races 
in  Detroit  is  a  case  in  point.  Confusion  has  arisen 
through  the  custom  of  ordering  new  types  in  small 
quantities  and  of  depending  on  competitive  bidding  for 
the  further  supply,  on  the  assumption  that  when  once 
completed  the  article  was  "commercial"  and  not  pro- 
prietary. 
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The  suggestion  is  made  that  the  experimental  work 
and  the  subsequent  developments  be  confined  to  the 
same  organization,  with  provision  for  production  in 
large  quantities  in  time  of  war.  The  Government's 
problem  should  be  the  selecting  of  airplanes  for  train- 
ing and  operating,  and  the  guiding  of  the  industry  in 
developing  such  designs.  Engineering  and  production 
should  go  hand-in-hand.  Government  subsidies,  such  as 
are  customary  in  other  countries,  are  not  needed  yet 
but  production  must  be  encouraged  through  the  supply 
of  Government  equipment.  Particular  types  of  air- 
plane should  be  considered  proprietary,  but  the  Govern- 
ment should  be  free  to  purchase  any  design  at  any 
time  in  any  stage  of  advancement  and  place  it  by 
competition  or  assignment  with  recognized  units  in  the 
industry. 

Cross-licensing,  originated  as  a  war  concession  by 
patent  owners,  has  had  the  effect  of  causing  some  per- 
sons to  feel  that  any  airplane  should  be  purchased  by 
open  competitive  bidding.  But  this  agreement  did  not 
contemplate  encouraging  one  manufacturer  to  use  an- 
other's design  or  standardizing  construction  so  that  it 
could  be  used  by  all.  Competitive  bidding  should  be 
used  only  when  a  producer  has  been  found  incompe- 
tent or  unwilling  to  furnish  his  product  at  a  reason- 
able price  under  reasonable  conditions.  Considering 
each  type  of  airplane  as  proprietary  would  make  for 
permanence  of  business,  encourage  small  companies  to 
increase  their  facilities  and  guarantee  to  the  Govern- 
ment a  source  of  supply  in  time  of  peace  and  the  dis- 
tribution of  data  and  personnel  in  time  of  national  need. 
[Printed  in  the  March,  1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

Edward  Wallace: — To  correct  an  impression  that  has 
been  given,  I  believe  that  the  Government  receives  draw- 
ings from  which  it  can  build  aircraft  during  wartime 
emergency.  I  believe  that  the  Government  has  been  sup- 
plied with  drawings,  specifications,  bills  of  material  and 
parts  so  complete  and  so  accurate  that  if  war  should 
break  out,  it  could  produce  aircraft  in  any  quantity  that 
it  desired  by  subletting  the  various  units  of  the  machine 
to  firms  in  various  sections  of  the  Country.  I  know  of  a 
company  that  designed  and  produced  20  machines  in  less 
than  12  months  from  the  day  they  were  started.  The 
machines  were  accepted  by  the  Air  Service.  Those  draw- 
ings are  now  on  file  in  the  engineering  division  of  the 
Army  Air  Service.  The  War  Department  also  has  special 
drawings  for  the  Liberty-engined  and  other  airplanes  it  is 
listing  so  as  to  be  able  to  produce  them.  I  say  this  in  de- 
fence of  the  Air  Service,  which  is  doing  very  efficient 
work.  Its  bills  of  material  are  very  efficient,  although  it 
may  not  be  the  privilege  of  every  one  to  have  come  in  con- 
tact with  these  bills  of  material. 

When  engineers  concentrate  to  the  extent  that  they 
should  in  refining  fittings  and  using  the  materials  of  con- 
struction properly,  such  as  distributing  the  material  in 
its  proper  place,  using  it  where  it  is  most  needed  and  mak- 
ing airplanes  within  the  weights  specified,  we  can  gain 
the  confidence  of  the  public  and  of  the  Government  and 
prove  that  we  can  actually  build  the  planes  as  they  are 
required.  The  thing  that  engineering  societies  and  pro- 
fessional men  should  concentrate  upon  is  actually  to  pro- 
duce the  goods.  When  that  is  accomplished,  the  people 
will  believe  that  aeronautics  is  an  accurate  science.  There 
is  nothing  very  difficult  about  the  structure  of  an  air- 
plane, although  there  are  many  things  to  learn.  It  re- 
quires only  common-sense,  persistence  and  concentration, 
so  that  nothing  shall  be  overlooked. 

Inspection  is  very  important.  An  airplane  must  be 
complete  as  a  whole,  for  one  weak  point  may  result  in  a 


crash.  There  is  a  possibility  that,  in  the  rush  of  things, 
these  important  factors  in  constructing  airplanes  will  be 
overlooked  and  so  cause  adverse  public  opinion. 

Recently,  I  saw  a  catapult  about  50  ft.  long  that  will 
throw  a  large  airplane  into  the  air  so  that  it  can  fly  off 
at  a  speed  of  about  60  m.p.h.  If  people  can  see  airplanes 
shot  into  the  air  from  the  tops  of  post  office  buildings  and 
flying  off  safely,  then  we  shall  see  a  change  in  public 
opinion. 

In  defence  of  the  Post  Office  Department,  I  will  say 
that  its  airplanes  have  flown  more  than  1,000,000  miles 
without  any  trouble.  The  department  is  actually  build- 
ing some  of  its  own  airplanes  to  carry  800  lb.  of  mail  and 
is  doing  it  very  efficiently.  Thus  it  has  developed  trained 
workmen  who  know  how  to  build  the  airplanes  and  in- 
pect  them  properly. 

A.  Klemin: — Is  it  not  possible  that  we  are  all  hanging 
too  much  onto  the  skirts  of  the  Government  ?  The  Air- 
Mail  Service  and  the  Army  have  been  suggested  as  aids, 
but  we  want  the  public  to  help  us ;  we  want  the  public  to 
become  interested  and  sold  on  aviation.  Could  we  not  do 
more  by  selling  aviation  on  an  industrial  basis?  I  have 
in  mind  selling  aviation  in  the  way,  for  instance,  that 
the  Loening  Aircraft  Corporation  is  selling  it.  This 
company  has  a  well-defined  policy  of  selling  a  high-grade 
product  at,  perhaps,  a  seemingly  very  high  price ;  but  it 
follows  up  the  sale  by  insisting  on  excellent  pilots  and 
on  excellent  service  organization  and  by  giving,  I  believe, 
very  good  service  to  its  customers.  The  company  sells 
to  sportsmen.  The  fact  is  that  this  company  sells  air- 
planes, at  something  like  $20,000  each,  to  people  who  have 
no  accidents,  are  apparently  satisfied  and  are  likely  to 
be  repeat  customers.  Let  us  sell  the  airplane  as  a  sport- 
ing proposition  in  the  way  that  it  should  be  sold,  inde- 
pendently of  all  Government  support. 

In  selling  the  airplane  on  an  industrial  basis,  I  be- 
lieve that  any  business  man  in  the  United  States  can  be 
interested  in  aviation.  Let  us  go  to  certain  specific  in- 
dustries and  show  them  that  the  airplane  can  be  used  for 
a  definite  commercial  purpose.  For  instance,  I  have  been 
associated  with  some  people  in  selling  a  man  an  airplane 
in  which  he  is  going  to  go  from  one  lobster  fishery  to 
another  to  perform  his  tour  of  inspection  rapidly  and 
efficiently.  He  figured  that  he  would  save  money  in  that 
way,  and  that  was  the  great  point  to  bring  home  to  him. 

A  company  in  New  York  City  is  selling  photographic 
service  and  it  is  doing  a  large  volume  of  business.  In  all 
the  great  cities  of  the  United  States,  photographic  com- 
panies are  already  in  existence  to  which  the  airplane 
might  be  sold  for  this  specific  purpose.  Paper  manu- 
facturers own  vast  forests.  We  can  go  to  them  and  ex- 
plain how  they  can  safeguard  their  forests  by  the  use  of 
airplanes.  We  can  point  out  how  much  an  airplane  will 
cost,  how  it  can  be  used  and  how  to  get  pilots.  Such 
industries  will  buy  airplanes  and  use  them  as  they  are 
being  used  in  Canada  today,  where  one  particular  com- 
pany has  25  forest-patrol  airplanes  in  operation.  If  we 
go  right  through  the  industries  and  use  a  little  real  sales- 
manship in  the  way  that  the  motor-car  people  have  done, 
we  may  get  there. 

Frank  H.  Russell: — I  want  to  get  some  information 
from  Mr.  Wallace  for  the  advantage  of  those  who  may 
not  have  it.  First,  were  the  drawings,  specifications  or 
bills  of  material  that  he  speaks  of  guaranteed  by  the 
United  States  Government  for  the  building  of  those  20 
machines?  Second,  were  the  20  machines  built  by  an- 
other than  the  original  producer  or  designer? 

Mr.  Wallace: — The  original  machines  to  which  I  re- 
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ferred  were  Martin  bombing  airplanes.  Work  was  begun 
on  July  1  and  the  20  machines  were  finished  June  15  of 
the  following  year.  I  know  that  about  1 00  typographical 
errors  and  mistakes  in  the  specifications  have  been  cor- 
rected and  reported  to  the  Air  Service.  It  is  very  difficult 
at  times  for  a  company  to  fall  in  line  with  another  com- 
pany's limits.  The  Government  saw  the  necessity  of 
having  certain  limits  and  making  all  fits  free,  so  that 
the  parts  could  go  together  if  made  in  different  sections 
of  the  country. 

Mr.  Russell: — Did  the  United  States  Government 
guarantee  those  drawings? 

Mr.  Wallace: — I  do  not  think  that  the  Government  or 
the  Air  Service  could  guarantee  another  company's  draw- 
ings. 

Mr.  Russell: — Did  it  offer  them  to  the  industry  for 
public  bidding  without  making  any  guarantee  as  to  their 
accuracy? 

Mr.  Wallace: — I  do  not  think  it  could  guarantee  the 
drawings  for  it  had  not  proved  them.  The  only  way  it 
could  prove  them  was  to  let  another  company  use  them. 


It  might  eventually  guarantee  them  after  that. 

Mr.  Russell: — On  the  contrary,  the  Government  did 
so  offer  the  drawings.  The  machines  were  produced  by 
the  original  designer  as  a  proprietary  article  and  very 
successfully;  but  when  the  drawings  were  put  into  an- 
other factory  without  the  guarantee  of  the  Government  on 
a  public  bid,  the  first  company  building  that  machine  spent 
$50,000  on  engineering  work  before  it  completed  the  first 
airplane.  Mr.  Wallace  has  confirmed  rather  than  con- 
tradicted my  statements.  The  Martin  bombing  airplanes 
were  offered  to  public  bid,  contracts  were  placed  and  the 
contractors  assumed  an  unknown  risk.  The  Martin 
bombing  airplane  was  considered  a  commercial  article 
and  yet  the  Government  itself  could  not  vouch  for  the 
drawings  from  which  it  was  constructed. 

Mr.  Wallace: — It  is  necessary  to  note  the  following 
to  understand  the  expense  of  $50,000.  The  company  had 
a  contract  for  50  machines.  Many  alterations  of  design 
were  involved  that  may  have  cost  the  builder  much  more 
than  it  would  have  cost  the  other  company  that  pro- 
duced the  drawings  of  the  original  machines. 


THE  DESIGN  OF  COMMERCIAL  AIRPLANES 


BY  E.   P.   WARNER 


THE  author  discusses  commercial-airplane  design  in 
general  terms,  considering  the  subject  under  the 
main  divisions  of  economy,  safety,  speed  and  comfort. 
Under  economy,  mention  is  made  of  possible  reductions 
of  first  cost  by  designing  for  long  life  and  reliability, 
the  effect  of  the  former  on  the  depreciation  allowance 
being  obviously  advantageous.  Airplane  size  is  debated 
also,  the  trend  of  progress  being  seemingly  toward  the 
giant  airplane. 

Safety  is  stated  to  be  dependent  upon  reliability, 
structural  strength,  stability,  control,  fire  prevention 
and  reduction  of  risk  of  injury  to  passengers  in  the 
event  of  a  crash.  Minimizing  the  results  of  a  crash  is 
considered  suggestively. 

Speed  is  governed  almost  solely  by  the  ratio  of  wing 
loading  to  power  loading;  hence,  speed  will  always  be 
kept  as  low  as  possible  without  loss  of  business  to  com- 
peting transportation  enterprises.  Among  desirable 
measures  to  secure  comfort,  adequate  ventilation  and 
the  elimination  of  noise  are  included.  [Printed  in  the 
February,  1923,  issue  of  The  Journal.] 

THE   DISCUSSION 

Archibald  Black:- — Commercial  aviation  is  a  subject 
to  which  I  have  given  fully  half  of  my  time  during  the 
past  3  years.  Consequently,  I  have  followed  Professor 
Warner's  paper  with  great  interest  and  feel  that  he  has 
shown  a  very  clear  appreciation  of  the  problem  of  air- 
plane design  in  all  of  its  details. 

The  problem  of  economical  operation,  which  also  in- 
cludes that  of  safe  operation,  is  the  one  outstanding  point 
in  design  considerations.  It  appears  inadvisable  to  count 
upon  subsidies  other  than  payment  for  carrying  mail, 
at  least  in  the  United  States.  In  this  connection  the 
specifications  attached  to  some  foreign  subsidies  might 
prove  very  misleading  as  regards  the  requirements  of 
commercial  airplanes.  Some  of  the  French  specifications, 
particularly,  suggested  the  intention  of  overnight  con- 
version of  supposedly  commercial  airplanes  into  military 
use. 

As  to  the  matter  of  speed,  I  am  in  general  agreement 
with  Professor  Warner's  remarks,  but  consider  his  sug- 
gestion of  85  m.p.h.  rather  low.  In  my  paper  entitled 
The  Influence  of  Design  on  the  Cost  of  Operating  Air- 
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Fig.  1 — Chart  Showing  the  Variation  of  the  Cost  of  Operation, 
the  Rate  of  Climb  and  the  Number  of   Passengers   with   the 

Speed  and  the  Reserve  Horsepower 
These  Curves  Are  for  a  Series  of  Single  and  Twin  Liberty  Engined 
Passenger  Airplanes  of  a  Constant  Minimum  Speed  of  57  M.P.H. 
and  a  4-Hr.  Duration  of  Plight.  The  Dotted  Portions  of  the 
Curves  Indicate  the  Capacity  above  the  Praotical  Limit.  The 
"Weight    of    the    Passengers.     Including    Baggage,     Is    Assumed    as 
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planes,1  I  considered  in  some  detail  the  effect  of  designed 
performance  upon  the  cost  of  operation  of  airplanes. 
Fig-.  1  is  taken  from  this  paper  and  shows  the  relation 
between  the  operating  cost  and  the  speed  for  a  series  of 
airplanes.  It  is  wholly  practicable  to  increase  the  high 
speed  of  the  machine  to  105  or  even  110  m.p.h.  at  a  5000- 
ft.  altitude  before  the  operating  cost  begins  to  increase 
seriously.  This  enables  us  to  fly  normally  at  90  to  100 
m.p.h.  at  this  altitude.  Considering  Professor  Warner's 
figure  of  85  m.p.h.,  this  possibly  would  fall  to  80  m.p.h. 
at  the  operating  altitude  of  about  5000  ft.  Fast  railroad 
trains  make  about  45  m.p.h.;  thus,  by  the  time  we  allow 
for  the  trip  between  the  city  and  the  landing-field  at 
each  end  and  for  the  intermediate  stops,  the  margin  of 
saving  becomes  rather  close.  We  must  sell  our  transpor- 
tation upon  the  basis  of  speed  and  at  a  higher  rate. 

I  agree  fully  with  the  remarks  regarding  the  question 
of  maintenance,  but  would  also  lay  stress  on  the  prac- 
ticability of  utilizing  existing  types.  Metal  construction, 
fabric  substitutes  and  the  like  are  still  very  much  in  the 
experimental  stage,  and  we  cannot  expect  commercial 
aviation  to  carry  the  cost  of  developing  these  until  it 
first  gets  on  its  feet.  In  the  meantime,  it  seems  probable 
that  they  will  be  developed  anyhow  for  military  purposes. 
As  it  stands  now,  we  are  getting  sufficiently  good  per- 
formance out  of  existing  types  of  commercial  airplanes  to 
make  use  of  these  conventional  constructions  practicable. 
Airplanes  are  probably  more  reliable  and  sturdy  than  is 
assumed  generally.  The  wings  of  our  much  criticized 
fabric-covered  airplanes  can  be  counted  upon  to  give  fully 
500  hr.  of  service  before  they  need  to  be  recovered,  and 
this  length  of  service  is  being  increased.  We  can  rely 
upon  getting  a  life  of  800  hr.  out  of  a  good  engine  if  we 
regrind  the  cylinders,  and  possibly  the  crankshaft,  dur- 
ing this  time.  The  Air  Mail  Service  is  getting  a  400-hr. 
average  life,  while  Aeromarine  Airways,  Inc.,  is  getting 
about  an  800-hr.  life  out  of  Liberty  engines  without  re- 
grinding.  It  seems  to  be  all  a  matter  of  how  we  treat  the 
engines.     Operation   in  this  country  has   indicated  that 
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the  engine  will  give  excellent  service  if  overhauled  on  an 
average  of  once  for  every  100  hr.  of  flying.  Of  course, 
engine  depreciation  remains  a  very  large  item  in  operat- 
ing cost,  and  every  effort  should  be  made  to  reduce  it, 
but  it  is  getting  down  to  being  within  reason.  Only 
recently,  aside  from  the  cost  of  getting  business,  it  was 
the  largest  item  in  our  costs,  as  new  engines  of  commer- 
cial sizes  range  around  $16  to  $20  per  hp. 

Regarding  airplane  size,  there  is  a  certain  intermediate 
size  that  is  now  the  most  economical.  With  the  further 
refinements  possible  in  the  larger  craft,  this  size  will 
move  upward,  but  it  is  obvious  that  we  cannot  perpetually 
evade  the  "square-cube"  law  as  we  might  a  city  ordi- 
nance. We  will  eventually  reach  the  size  where  no  fur- 
ther refinement  is  possible,  whereupon  our  "economical 
size"  will  have  become  permanent.  Where  this  will  bring 
us,  we  cannot  tell  today.  Neither  need  we  care  to  any 
extent.  Our  present  problem  is  that  of  filling  the  exist- 
ing sizes  sufficiently  to  justify  their  operation  on  a  close 
headway.  In  this  matter  of  size,  however,  I  feel  that 
the  additional  safety  obtainable  through  the  provision  of 
two  pilots  would  justify  some  departure  from  the  present 
economical  size. 

The  suggestion  of  using  two  different  sizes  of  airplane 
is  interesting.  It  seems  to  me,  however,  that  it  is  not 
important  so  long  as  we  are  operating  relatively  small 
sizes  of  craft.  As  the  size  of  airplanes  increases  in  the 
future,  this  probably  will  become  important. 

I  agree  most  heartily  with  Professor  Warner's  com- 
ments on  the  matter  of  silencing  engines,  and  feel  that 
this  subject  is  not  getting  the  consideration  that  it  de- 
serves. I  have  always  advocated  the  silencing  of  engines 
of  commercial  airplanes.  It  is  true,  as  mentioned,  that 
we  still  have  other  noises,  but  why  not  get  rid  of  as  much 
of  the  noise  as  we  can?  Any  person  who  has  made  only 
one  or  two  flights  will  give  the  "terrifying  racket"  of  the 
engine  as  his  clearest  impression.  This  noise  actually 
has  a  terrifying  effect  upon  the  layman,  and  is  worth 
reducing  if  only  for  its  psychological  effect  on  the  pas- 
sengers. 


DESIGNING  MOTOR  CARS 


A  MOTOR  car  is  not  the  conception  of  one  brain,  or  of 
the  immediate  staff  of  the  builder,  even  excluding  the 
units  purchased  complete,  such  as  magnetos,  tires  or  ball 
bearings.  The  accumulated  wisdom  of  engineers,  chemists 
and  physicists  innumerable  is  rightly  accepted  and  used  by 
the  designer.  The  very  fact,  however,  of  the  profusion  of 
materials  and  methods  that  may  be  used  makes  the  selec- 
tion of  the  most  suitable  a  task  that  needs  a  training  of  no 
mean  order.  Even  assuming  that  the  more  complex  chemical 
and  physical  experiments  are  left  to  specialists,  and  that 
orthodox  materials  and  fuels  are  used,  purely  mechanical 
problems  such  as  springing,  balancing  or  cooling  call  for  a 
vast  amount  of  work.  This  labor,  if  it  cannot  be  dignified 
by  the  name  of  research,  involves  much  patient  exploration. 
Some  leading  companies  early  realized  this,  and  provided 
the  necessary  staff  and  apparatus  to  assure  that  the  educa- 
tion of  their  designers  would  be  progressive  and  continuous. 
A  few  standardized  their  design  so  that  designers  were  un- 
necessary. Most  firms,  however,  produce  a  new  or  modified 
design  about  every  3  years,  so  that  work  must  be  carried 
on  in  order  that  the  new  model  may  be  an  improvement  on 
the  old,  either  in  lower  cost  or  in  increased  value  to  the  user. 


At  some  period  a  decision  has  to  be  made  on  fundamental  de- 
sign questions,  such  as  high-speed  or  low-speed  engines 
sleeve  or  poppet  valves,  center  or  side  change;  and  the  func- 
tioning of  the  "designing  machine"  at  these  crucial  moments 
may  have  either  a  very  favorable  or  a  decidedly  adverse  effect 
on  a  firm's  reputation. 

There  are  many  ways  of  producing  a  motor  car,  more  than 
one  way  of  producing  a  cheap  motor  car,  but  few  ways  of 
producing  a  good  motor  car  cheaply.  Even  in  the  hurly- 
burly  of  keeping  abreast  of  contemporary  design,  a  large 
staff  is  necessary  to  carry  out  drawing-office  and  experimen- 
tal work,  yet  this  shows  no  immediate  improvement  in  the 
profit  and  loss  account.  If  anything  new  be  contemplated, 
such  as  magnetic  brakes,  supercharged  engines  or  a  novel 
transmission,  very  many  experimental  sprats  must  be  thrown 
to  catch  the  production  mackerel. 

Modern  mechanism  is  too  complex  to  be  evolved  from  the 
inner  consciousness  of  any  man,  however  brilliant.  Neither 
does  a  new  constructional  method  often  arise  by  some  flash 
of  genius.  Such  things  are  built  up  step  by  step,  with  many 
false  turnings  and  fresh  starting  points. — Automobile  En- 
gineer (London). 
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Simplification  Conference  Committee 

United  Interests  of  Automotive  Industry  Pledged  to 
Foster  Automotive  Engineering  Standards  at  Ses- 
sion Held  at  United  States  Department  of  Commerce 


<<T7,VERY    great    structure   requires    the    process    of    time. 

■C '  The  new  and  the  difficult  are  always  being  worked  over 
in  the  universal  consent  of  common-sense."  The  Society  has 
been  working  on  automotive  engineering  standardization 
problems  for  over  12  years.  The  fundamental  merit  be- 
hind the  idea  of  "standards"  is  generally  accepted.  No  stand- 
ard can  ever  be  adequate  for  100  per  cent  of  the  applications 
into  which  it  might  enter  but  obviously  the  benefits  that 
accrue  from  general  or  near-universal  use  are  not  to  be  sac- 
rificed. It  is  about  axiomatic  that  so  long  as  the  product 
of  one  manufacturer  meets  that  of  another  the  details  of  the 
juncture  should  be  standardized.  Every  one  concerned  in  the 
production  or  use  of  apparatus  is  benefited  by  its  rational 
standardization. 

To  formulate  and  establish  successful  standards,  it  is 
necessary  to  have  cooperative  action  and  mutual  concession 
among  all  interests.  Some  standards  are,  of  course,  of  such 
public  interest  that  laws  requiring  their  adoption  are  passed. 
The  process  of  automotive  standardization  has  been  in  effect 
in  this  Country  for  20  years.  The  Society  is  committed  to 
the  policy  of  evolution  as  opposed  to  any  ideal  classifica- 
tion or  scheme.  To  standardize  some  things  in  all  indus- 
tries is  possible.  To  standaidize  all  things  in  all  is  impos- 
sible. 

It  is  too  easy  to  think  and  say  that  the  customer  pays  and 
that  therefore  standardization  does  not  matter  to  the  man- 
ufacturer. Standardization  is  a  method  of  avoiding  repre- 
hensible waste.  An  object  of  standardization  is  to  express 
what  is  good  practice,  by  the  definition  of  terms  and  the  speci- 
fication of  properties  and  dimensions.  The  slogan  is,  do  the 
best  possible,  but  do  something;  and  make  changes  where 
necessary.  Unnecessary  sizes  should  not  be  involved  in 
manufacturing.  Products  should  be  improved  and  reduced  in 
cost. 

It  is  not  an  object  or  an  effect  of  standardization  to  make 
all  apparatus  out  of  the  same  mold,  but  to  bring  together 
the  experience  of  the  best  qualified  men  for  the  purpose  of 
securing  better  materials,  broader  outlook  in  the  work  as 
a  whole  and  satisfactory  service.  It  economizes  building 
operations  without  interfering  with  the  engineer's  ability. 
It  increases  competition.  It  makes  possible  uniformity  in  ma- 
terial and  of  important  dimensions  involving  interchange- 
ability,  the  user  benefiting  in  that  he  can  secure  replacements 
quickly  and  at  less  cost,  service  being  maintained  with  less 
investment.  There  is  no  advantage  to  any  single  company  in 
not  participating  in  the  establishment  and  practice  of  ra- 
tional standardization.  Neither  is  there  any  advantage  in 
the  way  of  design.  In  worldwide  trade,  as  well  as  in  do- 
mestic trade,  it  is  obvious  that  the  maintenance  of  stand- 
ardization that  -will  make  possible  the  interchangeability  of 
many  materials,  parts  and  accessories,  is  economically 
requisite.  There  is  no  doubt  that  S.  A.  E.  Standards  have 
lowered  greatly  the  cost  of  production  of  automobiles  and 
enabled  manufacturers  to  market  their  product  at  lower 
figures  than  would  have  otherwise  been  possible.  The  cur- 
rent models  show  more  resourcefulness  in  design  than  ever 
before,  while  standardization  of  their  component  parts  has 
increased.     . 

The  need  for  extending  the  work  of  standardization  in 
scope  and  intensity  is  becoming  realized  more  in  an  effective 
sense  in  that  the  whole-hearted  attention  and  cooperation  of 
leading  executives  in  the  industry  are  being  had.  The  full 
benefits  of  standardization  cannot  be  secured  in  the  face  of 
executive  opposition  or  their  listless  acquiescence.  The  big 
stake  involved  necessitates  that  all  the  interests  shall  pull 
together.  The  satisfactory  solution  of  the  service  problem 
can  be  hastened  greatly  by  a  greater  observance  of  stand- 
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ardization.  As  has  been  said,  common-sense  is  merely  a  sub- 
stratum of  experiences  out  of  which  judgments  flow.  Each 
and  every  interest  must  "cog-in"  with  all  other  interests  that 
are  cogs  in  the  operations  of  the  whole  industry  and  body 
of  users.  Standardization  accomplishments  to  date  represent 
the  heart  and  brain  of  automotive  engineers  as  a  whole. 

Commerce  Department  Meeting 

A  meeting  held  in  the  city  of  Washington  last  month  un- 
der the  auspices  of  the  Department  of  Commerce  was  at- 
tended by  official  representatives  of  practically  all  of  the  na- 
tional automotive  associations  and  representatives  of  some 
effective  local  organizations  such  as  the  automotive  electric 
service  associations  located  in  various  cities.  After  discus- 
sion throughout  the  day,  a  resolution  was  passed  to  the  effect 
that  a  committee,  to  be  styled  the  Simplification  Conference 
Committee,  of  not  less  than  11,  should  be  appointed  to  assist 
the  Society  of  Automotive  Engineers  in  "selling"  the  stand- 
ards now  in  existence,  and  in  solving  problems  of  simplifica- 
tion to  be  defined.  M.  L.  Heminway,  general  manager  of 
the  Motor  &  Accessory  Manufacturers'  Association,  was 
named  chairman,  and  C.  E.  Quinn,  of  the  Automobile  Body 
Builders'  Association,  was  designated  as  secretary  of  the 
committee.  The  following  organizations,  in  addition  to  the 
Society  and  those  named  above,  have  been  asked  to  nominate 
representatives  on  the  Committee: 

National  Automobile  Chamber  of  Commerce 

Motor  Truck  Industries 

National   Automobile   Dealers'  Association 

Automotive  Equipment  Association 

Automotive  Electric  Association 

American   Gear  Manufacturers'  Association 

American  Automobile  Association 

National  Hardware  Association 

Rubber  Association  of  America 

Aeronautical  Chamber  of  Commerce 

Motorcycle  and  Allied  Trades  Association. 

In  addition  to  the  organizations  named  above  and  several 
representatives  of  the  trade  press,  the  following  were  rep- 
resented at  the  meeting  in  Washington: 

United  States  Chamber  of  Commerce 

Bureau  of  Foreign  and  Domestic  Commerce 

Bureau  of  Standards 

American  Railway  Express  Co. 

Motor  Truck  Association 

Motor  Transport  Corps  of  the  Army 

American  Society  of  Agricultural  Engineers 

Automotive  Metal  Wheel  Manufacturers'  Association 

Chairman  Heminway,  in  communicating  with  the  organiza- 
tions asked  to  designate  representatives,  stated  that  it  is  the 
purpose  of  the  committee  to  supplement  and  assist  existing 
standards  committees  for  the  benefit  broadly  of  the  industry 
and  the  users  of  automotive  vehicles.  It  is  expected,  of 
course,  that  the  committee  will  receive  thoroughgoing  sup- 
port from  the  various  organizations  inasmuch  as  it  is  clear 
that  the  education  of  all  ir  the  possibilities  and  necessities 
of  wide  reduction  to  practice  of  sound  standards  should  re- 
sult in  much  improved  conditions  in  the  servicing  and  main- 
tenance of  automobiles.  It  is  essential  that  the  public,  as 
well  as  the  dealers,  have  a  clearer  understanding  of  the  need 
and  functions  of  standards. 

As  has  been  announced  in  The  Journal,  the  following 
subjects  were  selected  some  time  ago  for  promulgation  un- 
der the  methods  of  the  Department  of  Commerce,  by  the 
Simplified  Practice   Committees  of  the  Society  and  the  Na- 
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tional    Automobile   Chamber   of    Commerce,    of   which   J.   G. 
Vincent  and  F.  E.  Moskovics  are  chairmen  respectively: 

Roller  Bearings 

Storage-Batteries 

Pneumatic  Tires 

Spark-Plugs 

William  A.  Durgin,  chief  of  the  division  of  simplified 
practice  of  the  Department  of  Commerce,  in  addressing  those 
attending  the  Washington  meeting,  showed  by  submission  of 
data  collected  by  the  Department  that  the  lack  of  standardi- 
zation is  the  principal  cause  of  waste  in  industry.  He  stated 
emphatically  that  simplification  would  reduce  users'  first, 
accessory  and  maintenance  costs,  the  decrease  in  the  num- 
ber of  sizes  enhancing  quality  and  also  the  profit  to  all  con- 
cerned. He  said  that  there  is  nothing  more  constructive  in 
the  automotive  industry  than  the  S.  A.  E.  Handbook.  He 
urged  that  this  be  given  publicity  and  in  general  that  the  best 
thought  of  the  industry  be  supported.  The  Department's 
method  of  dissemination  of  information  in  this  connection 
is  the  issuance  of  pamphlets  setting  forth  practices  approved 
by  industry,  the  Bureau  of  Simplified  Practice  advising  that 
the  standards  in  question  be  made  universal.  He  made  it 
plain  that  the  Department  of  Commerce  can  do  nothing  in 
this  respect  unless  the  automotive  industry  makes  specific 
recommendations.  He  explained  that  R.  M.  Hudson,  of  his 
Division,  would  assist  the  work  in  every  way  possible  so  far 
as  the  Department  of  Commerce  is  concerned. 

C.  C.  Hanch,  vice-president  of  the  National  Automobile 
Chamber  of  Commerce,  asserted  that  further  standardization 
work  should  be  done  in  the  tire  and  other  automotive  fields. 
He  expressed  the  opinion  that  the  human  side  of  the  whole 
problem  should  be  studied  and  the  men  who  pay  the  bills 
and  sell  in  the  field  have  a  plan  of  coordination  and  coopera- 
tion. At  present  the  service  manager  does  the  best  he  can 
when  the  factory  engineering  and  production  departments 
with  which  he  is  connected  do  not  work  as  effectively  to- 
gether as  they  should.  The  large  dealers  are  a  very  potent 
influence  in  the  situation.  He  commended  very  highly  the 
standards  work  of  the  Society,  pointing  out  that  it  had  car- 
ried on  practically  all  of  the  work  involved;  not  being  sup- 
ported sufficiently  and  perhaps  being  to  blame  for  this  itself. 
He  advised  concentrating  on  the  things  that  affect  directly 
the  use  of  cans,  stopping  short  of  those  matters  that  have 
to  do  with  individuality  and  style  and  the  necessary  cater- 
ing to  personal  tastes. 

A.  J  Grimm,  chairman  of  the  standards  committee  of  the 
Automotive  Equipment  Association,  explained  current  and 
proposed  methods  of  that  association  in  propagating  the 
standardization  idea  in  its  connections  with  both  car  builders 
and  jobbers,  a  large  part  of  this  work  being  devoted  to  the 
explanation  and  recommendation  of  S.  A.  E.  Standards. 

A.  D.  T.  Libby,  president  of  the  Automotive  Electric  As- 
sociation, argued  that  in  the  solution  of  the  big  standardiza- 
tion problems  involved  it  will  be  necessary  to  enlist  adequate 
support  from  leading  executives  of  the  motor-car  industry, 
upon  whom  rests  an  obligation  to  ascertain  why  automotive 
equipment  standards,  for  example,  are  not  used  to  a  greater 
extent.  The  number  of  parts  now  needed  for  servicing  is 
tremendous  and  without  the  direct  assistance  of  the  execu- 
tives the  fight  will  be  a  long  uphill  one.     He  explained  the 


effort  that  is  being  made  by  the  Automotive  Electric  Asso- 
ciation to  establish  standard  capacity-ratings  of  electrical 
generators. 

E.  E.  LaSchum,  in  charge  of  motor-truck  transport  for 
the  American  Railway  Express  Co.,  said  that  standardiza- 
tion had  resulted  in  great  benefit  in  such  work  as  his,  there 
being  considerably  more  interchangeability  of  parts  than  is 
generally  understood.  He  said  that  the  cost  of  the  stock  of 
maintenance  parts  of  his  company  is  less  than  $42  per  truck. 
He  expressed  the  opinion  that  for  reliability  of  performance 
the  motor  truck  is  unexcelled. 

Col.  Edgar  S.  Stayer,  U.  S.  A.,  stated  that  if  this  Country 
should  engage  in  war  under  present  conditions  it  would  be 
necessary  to  stock  250,000  different  articles  for  replacements 
in  motor  vehicles,  not  including  accessories  and  tires.  The 
Government  is  still  confronted  with  an  unjustifiable  diversity 
of  repair  parts.  The  present  Army  maintenance  stock  costs 
$G0  per  truck.  Standardization  is  approved  by  the  War  De- 
partment, which  desires  especially  consideration  of  emer- 
gency conditions.  The  more  exactly  alike  the  various  ele- 
ments are,  the  better  the  conditions  will  be.  Commercial 
trucks  are  good  and  will  do  what  they  were  designed  to  do, 
but  must  be  handled  properly. 

Clyde  Jennings,  editor  of  Motor  Age,  said  that  at  present 
owners  do  not  know  where  to  purchase  replacement  parts 
for  their  cars,  and  in  addition  that  the  flat-rate  system  of 
maintenance  is  of  the  greatest  assistance  in  reaching  a 
proper  standardization  basis.  He  feels  that  in  the  end  the 
maintenance  man  will  control  the  situation.  In  most  towns 
at  present  not  more  than  one  or  two  makes  of  storage-bat- 
tery are  available  for  purchase.  There  are  a  great  many 
specially  made  batteries  for  cars  and  the  size  and  installa- 
tion of  the  batteries  are  not  considered  adequately  in  car  de- 
sign. The  inside  dimensions  of  batteries  are  well  stand- 
ardized but  not  the  outside  dimensions.  In  conclusion,  Mr. 
Jennings  urged  strongly  that  the  people  who  control  the 
whole  situation  be  properly  educated. 

James  Dalton,  editor  of  Automotive  Industries,  said  that 
general  preaching  is  not  effective  in  standardization.  Stand- 
ardization is  "approved"  in  general,  but  in  factory  purchases 
immaterial  sixteenths  are  insisted  upon.  To  an  undue  extent 
standardization  is  fine  theoretically  "for  the  other  fellow." 
The  manufacturers  must  be  sold  on  the  application  of  stand- 
ards. Talk  will  do  nothing.  His  view  was  that  one  or  two 
specific  things  should  be  concentrated  upon  for  accomplish- 
ment within  the  year.  The  trade  press  wants  some  such 
definite  aim  outlined. 

D.  C.  Fenner  advised  holding  joint  meetings  of  executives 
and  engineers  to  discuss  the  whole  matter. 

R.  W.  Trullinger,  of  the  American  Society  of  Agricul- 
tural Engineers,  stated  that  there  is  inadequate  encourage- 
ment and  development  of  research  work  in  the  tractor  indus- 
try; that  much  engineering  knowledge  is  to  be  acquired  and 
that  the  engineers  do  not  receive  proper  support. 

Norman  G.  Shidle,  managing  editor  of  Automotive  Indus- 
tries, said  that  a  sales  organization  is  needed  for  the  stand- 
ards work  and  proposed  that  the  meeting  select  a  committee 
to  assist  the  Society  in  coordinating  the  standards  work  as 
a  whole,  chiefly  in  the  direction  of  further  reduction  to  prac- 
tice. 


WEAR  OF  STEELS 


SEVERAL  tests  have  been  conducted  by  the  Bureau  of 
Standards  to  determine  the  resistance  to  wear  of 
hardened  and  tempered  chromium  steels.  It  was  noticed 
that  while  the  so-called  standard  hardened  specimen,  which 
was  run  on  the  upper  shaft  of  the  testing  apparatus,  invari- 
ably had  a  polished  surface  at  the  conclusion  of  every  test, 
the  bottom  specimen,  especially  when  tempered,  presented  a 
dull  appearance  that  was  presumed  to  be  caused  by  abraded 
particles  sticking  to  the  specimen.  It  seemed,  therefore,  that 
specimens  with  this  dull  mottled  appearance  would  show  a 


loss  of  weight  less  than  the  actual  loss.  To  prove  this  sev- 
eral tests  were  made  of  Ketos  steel  running  the  standard 
hardened  specimen  on  the  lower  shaft  and  the  tempered 
specimens  on  the  upper  shaft.  The  curve  of  the  rate  of 
wear  plotted  against  the  tempering  temperature  was  similar 
to  the  previous  curve  but  showed  a  greater  rate  of  wear. 

The  tempered  specimens  under  the  last-named  conditions 
were  free  from  abraded  material  at  the  end  of  the  tests. 
Efforts  will  be  made  to  prevent  the  adherence  of  the  abraded 
metal  particles  to  the  specimen. 
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Laws  Governing  Gaseous  Detonation 
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THE  authors  present  in  this  paper  an  explanation 
of  gaseous  detonation  based  upon  what  are  con- 
sidered incontrovertible  laws,  and  show  by  the  func- 
tioning of  these  well  understood  natural  laws  that  gas- 
eous detonation  is  a  phenomenon  that  does  not  require 
any  hypothetical  assumptions  to  account  for  its  exist- 
ence. 

The  physical  conditions  that  must  exist  within  an 
enclosed  container  when  it  is  filled  with  an  explosive 
mixture  of  gases  and  these  gases  are  ignited  are  stated 
and  analyzed  mathematically,  and  an  application  of 
this  analysis  is  made  to  the  internal-combustion  engine. 
The  apparatus  and  the  procedure  are  described,  inclu- 
sive of  photographs  and  charts,  and  it  is  shown  how 
the  formulas  can  be  applied  (a),  for  constant  throttle 
and  varying  the  temperature  of  the  entering  charge 
and  (6),  for  constant  temperature  and  varying  the 
throttle  opening  and  the  compression-ratio.  The  results 
are  illustrated  and  discussed  in  some  detail. 

Appendix  1  refers  to  the  basic  equations  in  the 
paper  and  has  as  its  object  the  combination  of  these 
equations 

P>  — P,  =  WVg  (V,—  VO 
W  =  KD,"Tlm 
into  a  single  fundamental  expression  containing  P,  and 
Pt  as  the  only  variables. 

Appendix  2  is  a  mathematical  determination  of  the 
critical  pressure  of  detonation. 

rriHE  phenomenon  of  gaseous  detonation  has  been 
recognized  for  many  years.  As  early  as  1888  it 
A  had  been  studied  extensively  by  Bertholet  and 
Le  Chatelier  of  France  and  also  by  Harold  B.  Dixon  of 
England.  Since  that  time  many  other  investigators  have 
studied  this  phenomenon,  as  well  as  studying  the  normal 
combustion  of  gases  as  it  occurs  under  varying  conditions. 
Unfortunately,  up  to  the  present,  investigators  of  gaseous 
detonation  have  been  so  busy  collecting  data  that  no  one 
of  them  has  taken  the  time  to  investigate  the  phenomenon 
from  a  theoretical  standpoint,  or  to  explain  it  upon  the 
basis  of  sound  fundamental  laws.  Gaseous  detonation 
has,  therefore,  remained  comparatively  unexplained.  It 
is  our  belief  that,  if  a  phenomenon  can  be  explained  fully 
by  known  and  proved  laws,  there  is  no  justification  for 
any  explanation  based  upon  unsubstantiated  assumptions. 
Therefore,  we  desire  to  present  in  this  paper  an  explana- 
tion of  gaseous  detonation  based  upon  what  are  con- 
sidered to  be  incontrovertible  laws,  and  to  show  by  the 
functioning  of  these  well  understood  natural  laws  that 
gaseous  detonation  is  a  phenomenon  that  does  not  require 
any  hypothetical  assumption  to  account  for  its  existence. 
First,  let  us  determine  what  physical  conditions  must 
exist  within  an  enclosed  container  when  it  is  filled  with  an 
explosive  mixture  of  gases  and  these  gases  are  ignited. 
Fig.  1  represents  what  would  be  a  series  of  instantaneous 
photographs  of  flame-travel  within  a  cylinder,  were  it 
possible  to  make  such  photographs.  These  diagrams  are 
not  assumptions,  but  are  based  upon  actual  observations 


'M.S.A.E. — Chief  engineer,  fuel  section.  Geneial  Motors  Research 
Corporation.  Dayton.  Ohio. 

2  Mathematician,  fuel  section,  General  Motors  Research  Cor- 
poration.  Dayton,   Ohio. 

'See  The  Journal.  March,  1921,  p.  209. 

'See  The  Journal,  May,  1922.  p.  357. 
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P'ig.   1 — Diagram   Illustrating    Flame  Travel  in  a   Cylinder 

by  Woodbury,  Lewis  and  Canby,  in  their  paper  on  The 
Nature  of  Flame  Movement  in  a  Closed  Cylinder,3  and  a 
mathematical  analysis  thereof  made  by  Thomas  Midgley, 
Jr.,  on  Molecular  Movements  During  Combustion  in 
Closed  Systems.*  Diagram  No.  1,  in  Fig.  1,  represents  a 
bomb  filled  with  a  combustible  gas  mixture  with  division 
lines  between  each  one-tenth  portion  of  this  mixture.  No. 
2  represents  the  partial  combustion  of  the  first  one-tenth. 
No.  3  represents  the  total  combustion  of  the  first  one- 
tenth  and  Nos.  4,  5,  6,  7  and  8,  represent  successive  stages 
of  the  process.  It  will  be  observed  that  by  the  time  the 
first  one-tenth  of  this  gas  has  burned,  it  has  expanded  as 
indicated  in  No.  3  and  thereby  compressed  ahead  of  it 
the  remaining  nine-tenths  of  unburned  mixture.  Also, 
it  will  be  observed  in  No.  4  that,  as  the  second  one-tenth 
burns,  it  is  not  only  compressing  the  gas  ahead  of  it  but 
likewise  the  gases  to  its  rear.  If  the  positions  of  the 
various  particles  as  they  move  along  the  bomb  are  plotted 
against  time,  we  will  obtain  a  diagram  such  as  that  shown 
in  Fig.  2.  This  chart  is  called  a  displacement  diagram  be- 
cause it  shows  the  displacement  of  the  particles  from 
their  initial  positions  within  the  bomb.    If  now  we  follow 
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Fig.    2 — Displacement  Diagram   of  the 
Combustion 
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the  behavior  of  a  single  particle  such  as  the  one  that  is 
two-tenths  of  the  way  up  the  bomb,  before  ignition,  it 
will  be  observed  that  just  before  the  flame-front  overtakes 
this  particle  it  has  an  upward  velocity  with  respect  to  the 
bomb  and  that,  just  after  the  flame-front  has  passed 
through  it,  the  particle  has  a  rearward  velocity  with  re- 
spect to  the  bomb.  Since  this  particle  has  mass  and  has 
had  its  velocity  changed,  one  of  the  most  fundamental 
laws  of  physics  dictates  that  there  must  have  been  a  force 
acting  in  the  direction  of  this  change  of  velocity.  Now 
the  only  force  that  can  be  operating  in  a  space  containing 
gases  alone  is  a  pressure  difference  within  these  gases 
themselves.  Therefore,  it  is  obvious  that  a  slightly 
greater  pressure  must  exist  ahead  of  the  flame-front  than 
behind  it.  From  the  fundamental  law  that  force  equals 
mass  times  acceleration,  we  can  derive  a  mathematical 
expression  for  this  difference  of  pressure.     It  is: 

Pi  —  P^  =  vr-/g(V1—V,)  (l) 

where 

g  =  32.2 
Pi  =  the  pressure  ahead  of  the  flame-front,  in  pounds 

per  square  foot 
P2  =  the   pressure   to   the   rear   of   the   flame-front,   in 

pounds  per  square  foot 
Vi  =  the   specific   volume   of   gases,   in   cubic   feet   per 

pound,  corresponding  to  Pi 
1  \  =  the   specific    volume   of   gases,   in    cubic   feet  per 

pound,  corresponding  to  P- 
W  =  the  weight,  of  the  gas,  in  pounds,  that  enters  the 

flame-front  per  second 

In  the  above  equation,  it  is  obvious  that  the  magnitude 
of  the  pressure-difference  is  dependent  upon  W,  the 
weight  of  gas  entering  the  flame-front  per  unit  of  time. 
Therefore,  we  can  continue  our  analysis  profitably  by 
investigating  the  nature  and  the  factors  that  control  W. 

In  physical  chemistry,  the  weight  of  gas  entering  the 
flame-front  per  unit  of  time  is  known  as  the  reaction- 


s  See  Physical  Chemistry  for  Colleges,  by  Millard,  pp.  303  and  310  ; 
see  also  Chemical  Statics  and  Dynamics,  by  Mellor,  pp.  3S3  to  393; 
see  also  Theoretical  Chemistry,  by  Nernst,  (10th  German  edition) 
pp.    ?50   to  75  4. 
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Fig.     4 — Apparatus     Employed     to     Verify     the     Mathematical 
Analysis  of  Pressure  Relations  in  Combustion 

velocity.  Physical  chemists  have  done  a  great  amount  of 
work  in  establishing  laws  with  regard  to  reaction- 
velocities.  For  this  case,  the  following  equation  has  been 
proposed :' 

W  =  KXD»T>"  (2) 

where 

D  =  the  density,  or  concentration 
K  =  a  constant  to  be  determined  experimentally. 
n  =  an  exponent  to  be  determined  experimentally 
m  =  an  exponent  to  be  determined  experimentally 
T  =  the  absolute  temperature 

As  an  alternative  to  this  treatment  of  W,  we  can  sub- 
stitute W  =  KD"Cr;  where  C  is  another  constant  to  be 
determined  experimentally.  However,  this  becomes  de- 
cidedly ponderous  in  the  further  development,  and  does 
not  appear  to  be  any  more  accurate  than  the  treatment 
selected.  Both  expressions  appear  to  be  close  approxima- 
tions, neither  being  absolute.  For  example,  n  should  be 
a  whole  number  and  probably  would  be  were  the  treat- 
ment of  T  perfect;  otherwise,  n  will  vary  so  as  to  com- 
pensate for  the  error  in  the  treatment  of  T.  The  treat- 
ment we  have  selected  gives  n  a  value  of  0.9  and,  using 
the  alternate  method,  we  obtain  for  n  a  value  of  1.1.  The 
mean  of  these  two  values  gives  n  equal  to  unity,  which  is 
probably  correct.  Since  no  accepted  treatment  of  T  gives 
n  this  value,  the  treatment  that  is  most  easily  handled 
mathematically  has  been  selected. 

To  return  to  the  discussion  proper,  it  will  be  observed 
that  the  equation  W  =  KD"Tm  applies  to  conditions  ob- 
taining in  the  immediate  front  of  the  flame-front,  and 
not  to  the  conditions  to  the  rear  of  the  flame-front.  In 
other  words,  D  =  1  Vt  and  T  is  the  temperature  corre- 
sponding thereto.  Thus  it  is  obvious  that  the  pressure- 
difference  depends  mainly  upon  W;  and  that  W,  in  turn, 
is  a  function  of  the  pressure  ahead  of  the  flame-front. 

To  make  clear  the  above  relationships  let  us  consider  an 
actual  case  substituting  numerical  values.  Our  equations 
are 

W/g  =  LP1Q  (3) 

where 

Q  =  3  (See  Appendix  2) 

W  =  BPS-' 

5  =  0.061 

P,  _  P,  =  (TFVfir)  X  (C/P,)  (4) 

where 

C  =  835   (See  Appendix  1) 

When  P,  =  252  lb.  per.  sq.  in.  absolute,  by  substitution  in 
(3)  we  have 

W  =  0.061  X  (252)' B 
=  241  lb.  per  sec. 

Substituting  in  (4)  we  have 

144  (252  — P2)  =  (241/32.2)  X  (835/P*) 
solving 

P2  =  200  lb.  per  sq.  in.  absolute 
P  —  Pj  =  52  lb.  per  sq.  in.  absolute 
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This  value  is  an  actual  point  used  in  plotting  the  curve  of 
Fig.  3. 

It  will  be  expedient,  therefore,  to  combine  these  two 
equations  into  one  expression.  Appendix  1  gives  the 
mathematics  involved  in  deriving  and  simplifying  this 
expression. 

In  its  final  form  it  becomes — 


Px- 


(MP.Q/P,) 


(5) 


If  now  some  definite  values  are  assigned  to  M  and  Q 
and  this  expression  is  plotted,  a  curve  as  given  in  Fig.  3 
is  obtained. 

It  is  quite  obvious  that,  in  the  actual  phenomenon  of 
combustion,  P,  cannot  reduce  from  the  point  o  but  must 
increase  as  combustion  continues.  What  actually  takes 
place  at  this  point  is  a  sudden  enormous  increase  in  the 
reaction  velocity  and  hence  in  the  pressure  differential. 
The  extent  of  this  increase  is  governed  by  some  limiting 
factor  or  factors  other  than  those  already  taken  into 
account  and  irrelevant  to  the  purposes  of  this  paper. 
Probably  the  major  factor  involved  is  the  limiting  of  the 
flame  travel  to  the  velocity  of  sound  which  the  rate  of 
transmission  of  molecular  activity  cannot  exceed. 

Before  continuing  the  analysis  and  applying  it  to  the 
internal-combustion  engine  it  will  be  well  to  consider 
briefly  the  result  of  open-tube  experiments  in  the  light  of 
the  above  analysis.  H.  B.  Dixon,  in  his  paper  on  the 
Movements  of  the  Flame  in  the  Explosion  of  Gases," 
describes  the  phenomenon  of  combustion  in  an  open  tube 
as  follows: 

When   a  mixture   of  carbon   disulfide   and  nitric   oxide 
was  fired  near  the  closed  end  of  the  tube,  the  move- 
ment  of   the   flame   uniformly   accelerated    until    the 
detonation  wave  was  set  up. 
In   explosions    starting   at   the   open    end    of   the   tube, 
the  development  of  the  detonation  wave  is  not  pro- 
gressive but  always  instantaneous.     The   detonation 
wave  is  characterized  not  only  by  its  great  velocity 
of  movement,  but  by  its  intense  luminosity  and  the 
very  high  pressures  instantaneously  set  up   in  it. 
Our  photographs  have   shown  that  the  wave   of   deto- 
nation has  certain  characteristics  by  which  it  may  be 
readily  recognized:     (a)   it  starts  suddenly,  and   (6) 
it  travels  with  constant  velocity. 
With  Dixon's  description  in  mind,  note  how  closely  it 
parallels  the  mathematical  analysis.    In  Fig.  3,  the  flame- 
front  has  been  progressing  with  a  slightly  accelerating 
velocity  up  to  the  point  a,  when   its  velocity  suddenly 
jumps  to  a  very  high  value  at  which  it  remains  constant. 

A  further  experiment  verifying  the  mathematical 
analysis  is  described  as  follows:  Fig.  4  represents  a  short 
open  tube  filled  with  a  combustible  mixture  of  gases 
adapted  to  be  ignited  from  the  small  chamber  at  the  left 
that  contains  a  spark-plug.  Upon  igniting  the  charge  in 
this  small  chamber,  a  detonation  wave  will  be  set  up  and 
issue  into  the  large  chamber;  whereupon  the  entire 
volume  of  gas  in  the  latter  will  detonate,  although  its 
pressure  is  far  below  the  critical  value,  a,  of  P„.  But  for 
any  value  of  P,  as  stated  above,  Px  may  be  infinite.  Con- 
sequently, if  this  bulk  of  gases  be  ignited  by  a  detonation 
wave,  detonation  of  the  whole  will  result. 

Application  to  the  Internal-Combustion  Engine 

The  application  of  the  foregoing  to  the  internal-com- 
bustion engine  is  not  an  easy  task.  In  studying  gaseous 
detonation  in  bombs  and  explosion  tubes,  we  have  the  gas 
in  a  quiescent  state  and  in  regularly  shaped  chambers 
with  an  organized  flame-front  proceeding  through  it.    We 


Fig.  5 — The  .Sincle-Cvlinder  Dei.co-I-.icht  Plant  L'sed  in  Making 
the  Experiments 

meet,  in  the  internal-combustion  engine,  turbulence  and 
irregularly  shaped  combustion-chambers  with  varying 
spark-plug  locations  still  further  complicating  the  situa- 
tion. To  take  all  these  factors  into  account  is  an  almost 
impossible  mathematical  task.  However,  by  assuming 
that  in  a  specific  engine  these  factors  affect  the  constant 
of  the  reaction-velocity,  the  procedure  is  simplified 
greatly. 

Before  attempting  to  apply  the  laws  governing  gaseous 
detonation  specifically  to  the  internal-combustion  engine, 
it  may  be  well  to  give  the  reasons  for  our  certainty  that 
gaseous  detonation  within  the  engine  cylinder  is  the 
phenomenon  that  causes  engines  to  knock. 

(1)  A  high-pressure  high-velocity  detonation- wave 
striking  the  cylinder-head  should  distort  it  and 
thereby  produce  the  metallic  noise  that  is  called  a 
knock 

(2)  The  luminosity  that  is  observable  during  gaseous 
detonation  in  an  explosion  tube  is  also  present  in 
the  flame  within  the  cylinder  when  the  engine 
knocks 

(3)  Anti-knock  materials,  such  as  diethyl  selenide  and 
tetraethyl  lead,  could  scarcely  affect  the  auto-igni- 
tion temperature  of  a  fuel  when  used  in  the  very 
small  quantities  that  are  necessary  to  suppress 
knocking.      Apparently,   the    only   way   to   explain 


See  Transactions  of  the  Philosophical  Society,  vol.  200.  p.  315. 


Fig.  6 — Looking  Down 


ox  a   Portion  of  the  Engine  LTsed  in  the 
Experiments 
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Fig. 


-A    Sample  Indicator-Card   Obtained   in   Making   the 
Experiments 


their  effect  is  on  the  basis  that  they  affect  the  con- 
stant of  the  reaction  velocity  of  gaseous  detona- 
tion. Furthermore,  these  materials  will  suppress 
the  detonation  occurring  in  explosion  tubes  to  the 
same  degree  and  in  the  same  manner  that  they 
suppress  the  knock  in  engines 

The  automotive  engineer  is  interested  primarily  in  the 
factors  that  affect  the  point  at  which  detonation  will  take 
place,  rather  than  in  the  nature  of  detonation.  There- 
fore, we  will  continue  our  analysis  with  the  object  of 
indicating  what  factors  are  important  and  how  their 
variation  affects  the  critical  pressure  at  which  detona- 
tion will  take  place. 

If  we  differentiate  P,  of  equation  (5)  with  respect  to 
Pl  and  equate  to  zero,  as  shown  in  Appendix  2,  we  obtain 
the  following  expression  for  the  critical  pressure  of  P2, 
or  the  point  a  in  Fig.  3. 

p2-e-2v[(Q_  l)0-i]/MQ«  (6) 

where 

Cp  =  the    specific    heat    at    constant    pressure    of    the 
charge,  and  can  be  assumed  from  existing  labora- 
tory data 
Cv  =  the  specific  heat  at  constant  volume 
D»  =  the  density,  obtained  from  the  running  engine 
h  —  the  number  of  British  thermal  units  that  can  be 
liberated  by   the  combustion   of  1  lb.  of  cylinder 
charge,  taking  into  account  the  effect  of  exhaust- 
gas  dilution;   and   it  can  be  calculated  when  the 


mixture-ratio,  the  manifold  depression,  the  com- 
pression-ratio and  the  heating  value   of  the  fuel 
are  known 
M  =  [  (im3»2Y»<)  /  (g  X  P»«)  ]  [hR/Cp)  ] 
»i  ~  a  quantity  to  be  determined  experimentally 
n  =  a  quantity  to  be  determined  experimentally 
P0  =  the   pressure   at  the   closing  of  the   intake   valve, 

obtained  from  the  running  engine 
P2  =  the  critical  pressure  of  detonation,  which  can  be 
obtained    from    an    indicator    card    taken    on    the 
engine 
Q  =  2[n+m(y—l)]/y 
fi  =  778  (C„  — CV) 

To  =  the  absolute  temperature,  obtained  from  the  run- 
ning engine 

By  taking  a  sufficient  number  of  readings  from  the 
engine  and  substituting  in  equation  (6),  the  values  of  Q, 
n  and  m  can  be  determined. 

Apparatus  and  Procedure 

The  experimental  apparatus  consisted  of  a  single- 
cylinder  2  1/2  x  5-in.  Delco-Light  plant  with  the  gen- 
erator loaded  on  rheostats  and  equipped  with  a  Midgley 
indicator,  as  shown  in  Figs.  5  and  6.  The  compression- 
ratio  was  4.1  to  1,  and  this  sufficed  to  produce  violent  de- 
tonation when  using  kerosene  as  fuel. 

The  indicator  was  used  to  determine  the  point  of  de- 
tonation, which  was  defined  by  the  sudden  fading  of  the 
light  on  the  pressure-time  card  because  of  the  rapid 
acceleration  of  the  indicator  mirror.  That  this  point 
should  be  considered  as  P,  is  debatable.  It  is  our  opinion 
that,  during  engine  operation,  the  combustion  is  without 
a  well  organized  flame-front,  due  to  turbulence  and  the 
like,  and  that  P1  exists  only  over  the  limited  region  in  the 
immediate  front  of  the  flame.  On  the  indicator-card,  this 
will  appear  as  a  part  of  the  rise  due  to  detonation.  Fig. 
7  shows  a  sample  card  with  the  point  of  detonation  at  P. 

As  a  means  of  measuring  the  manifold  depression 
directly  with  a  mercury  manometer,  a  small  valve, 
actuated  by  the  inlet-valve  rocker-arm,  was  interposed 
between  the  manifold  and  the  manometer.  The 
manometer  valve  was  synchronized  with  the  inlet-valve 
so  as  to  open  only  during  the  time  that  the  inlet  valve 
was  open,  thus  preventing  any  error  in  reading  due  to 
pressure  variation  in  the  manifold.  This  reading  was 
checked  with  an  intake-manifold  indicator  and  found  to 
be  satisfactory.  It  does  not  take  into  account  the  drop 
across  the  intake-valve  and,  consequently,  is  in  slight 
error.  The  manifold  temperature  was  measured  with  an 
ordinary  thermometer.  Although  such  a  means  of 
measurement  admittedly  does  not  give  accurate  results, 
it  is  satisfactory  for  comparative  purposes. 


Fig.   S- 
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ture on  the  Critical  Pressure  of  Detonation 


TABLE  1 — TEST  DATA  FOR  FIG.  8 

Critical 

No. 

Manifold 

Engine 

Manifold 

Pressure. 

of      Temperature, 

Speed, 

Vacuum, 

Lb.  per  Sq.  In., 

Run 

Deg.  Fahr. 

R.P.M. 

In.  of  Mercury 

Absolute 

^T  f 

77.0 

2.4 

300 

"i  -: 

m  I 

88.0 

2.4 

274 

107.5 

2.4 

228 

124.5 

2.4 

201 

80.5 

05 
4£ 

5.6 

268 

88.0 

IS 

5.6 

248 

2       \ 

96.0 

c 

5.6 

228 

109.0 

cs 

5.6 

201 

124.0 

in 

a 

5.6 

181 

f          86.0 

u 

8.8 

221 

97.5 

8.8 

201 

3       • 

104.5 

8.8 

188 

113.0 

8.8 

177 

122.0 

8.8 

168 
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•  Several  runs  were  made  at  constant  throttle.  Begin- 
ning at  about  25  deg.  cent.  (77  deg.  fahr.),  at  which  tem- 
perature in  the  manifold  detonation  began,  indicator- 
cards  were  taken  at  5-deg.  cent.  (9-deg.  fahr.)  intervals 
up  to  50  deg.  cent.  (122  deg.  fahr.).  The  speed- was  main- 
tained constant  throughout  all  runs.  Several  fuel-con- 
sumption determinations  also  were  made  during  each  run, 
so  that  the  comparative  mixture  strength  might  be 
known.  The  carbureter  adjustment,  as  well  as  the  spark 
setting,  remained  unchanged  throughout  all  the  runs. 

The  data  obtained  by  the  foregoing  method  can  now 
be  substituted  in  equation  (6)  and  the  equation  solved. 
The  substitutions  are  omitted  for  the  sake  of  brevity,  but 
the  data  are  given  in  Table  1.  The  values  determined  ex- 
perimentally are  Q  =  3;  n  =  0.9;  and  m  =  3.22.  Thus, 
the  equation  becomes 

P3  =  0.148/M  (7) 

where 

K  =  a  constant  depending  upon  the  nature  of  the  fuel, 
the  speed,  the  spark  setting  and  the  engine  design 
.1/  =  [(A-W82V")/(flr  X  P.8)]  UhR/Cp)  ] 

Thus,  if  the  combustion  efficiency  remains  constant, 
the  variables  that  alone  govern  the  detonation  point  for 
any  given  engine,  at  a  given  speed  and  spark  setting,  are 
the  initial  mixture-conditions  of  density,  temperature  and 
pressure  and  mixture-ratio.  It  must  be  understood  clearly 
that  this  formula  defines  merely  the  maximum  pressure 
that  must  not  be  exceeded  during  combustion  under  any 
given  set  of  conditions  if  detonation  is  to  be  avoided. 
Also,  the  constant  K  must  be  determined  experimentally 
for  any  particular  engine. 

The  formula  can  now  be  applied  to  the  specific  condi- 
tions that  it  is  desired  to  investigate.  For  example,  in 
the  engine  from  which  these  data  were  obtained,  for 
constant  throttle  and  varying  entering-charge  tempera- 
ture. 


Fig. 


4  .        5     . 

Compression-  Ratio 

10 — Curves  Showing  the  Effect  of  the  Compression-Ratio 
on  the  Critical  Pressure  of  Detonation 


P,  a  1/ZV  "77  " 
Since  D„  cc  l/T,  when  P„  =  a.  constant,  we  have 

P.al/TV"  (8) 

This  shows  the  predominating  influence  of  temperature 
on  the  pressure  at  which  detonation  will  occur. 

For   constant   temperature   and  varying    throttle   and 
compression-ratio 

P2al/[(D„l8X/i)/-2V] 
Since  D0  oc  Po  at    constant  temperature  and  hal  — 

[{CI  (P„'P„)  }/CV],  the  effect  of  exhaust-gas  dilu- 
tion, where  Pa  =  barometric  pressure 
ft.  a  1  —  (PJrPo) 

When  r  =  compression  ratio 

Pa'"r 


P:a- 


(9) 


2  4  & 

Ma nifold -Vacuum,  in. of  mercury 

Fig.   9 — The  Effect  of  the  Manifold  Vacuum   on  thd  Critical 
Pressure  of  Detonation  Is  Shown  by  These  Curves 


rP,  —  P„ 

It  is  evident  from  the  foregoing  two  formulas  that 
density  serves  merely  to  modify  the  effects  of  the  deter- 
mining  factors,  temperature  and  pressure. 

It  should  be  emphasized  that  the  pressure  at  which 
detonation  occurs  is  independent  of  the  compression- 
ratio,  except  insofar  as  it  affects  the  effective  heating 
value  by  varying  the  amount  of  extaust-gas  dilution 
in  the  cylinder  charge.  It  appears  in  this  connection 
in  equation  (9).  The  compression-ratio  really  influences 
knocking  to  the  greatest  extent  by  affecting  the  maximum 
pressure  attained  in  the  engine. 

Discussion  of  Results 

The  curves  in  Fig.  8  show  the  variation  of  detonation 
pressure  with  intake-manifold  temperature  for  different 
throttle  positions,  the  speed  and  the  spark  setting  re- 
maining constant.  Each  pair  of  curves  is  plotted  from 
the  observed  data,  and  the  corresponding  calculated  data, 
and  is  accompanied  by  a  curve  showing  the  correspond- 
ing variation  of  final  pressure,  as  calculated.  It  is  ob- 
vious that  the  tendency  of  the  engine  to  detonate  is  shown 
by  the  relation  of  the  final  pressure  curve  to  that  of  de- 
tonation pressure;  the  point  of  intersection  marks  the 
transition  from  normal  to  detonating  combustion,  the  in- 
tensity of  detonation  increasing  with  temperature  beyond 
this  point.  It  is  observed  that  the  point  of  intersection 
occurs  at  slightly  higher  temperature  as  the  throttle  is 
closed.    The  observed  and  the  calculated  curves  are  prac- 
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Mixture -Ratio,  lb.  of  air  per  lb  of  fuel 

Fig.  11 — How  the  Mixture-Ratio  Affects  Detonation  Is  Brought 
Out  by  These  Curves 

tically  coincidental,  the  maximum  discrepancy  being  no 
greater  than  the  probable  experimental  error. 

The  curves  of  Fig.  9,  showing  the  variation  of  de- 
tonation pressure  and  maximum  pressure  with  manifold 
depression  at  various  constant  temperatures,  were  plotted 
from  the  curves  of  Fig.  8.  The  final-pressure  and  de- 
tonation-pressure curves  of  Fig.  8  converge  toward  the 
point  of  intersection,  at  which  point  detonation  disap- 
pears. As  the  temperature  decreases,  the  point  of  inter- 
section can  be  seen  to  occur  at  slightly  lower  manifold- 
depressions. 

Fig.  10  shows  the  application  of  these  formulas  in 
calculating  the  variation  of  the  critical  and  maximum 
pressures  with  change  of  compression  ratio  at  full  throt- 
tle at  a  manifold  temperature  of  77  deg.  fahr.  The  sub- 
stitutions in  the  equation  are  not  included,  nor  are  these 
results  checked  by  actual  runs.  To  the  left  of  the  point 
of  intersection  lies  the  range  of  compression-ratio  for 
normal  combustion;  as  the  ratio  increases  beyond  this 
point,  detonation  becomes  more  and  more  intense.  It  is 
obvious  that  the  above  variation  is  due  almost  entirely 
to  the  increase  of  maximum  pressure  with  increasing 
compression  ratio. 

The  curves  of  Fig.  11  show  the  calculated  variation  of 
critical  and  maximum  pressure  with  changing  mixture- 


*  A  rational  expression  for  this  quantity  has  also  been  derived 
but  is  omitted  here  because  of  its  complicated  nature.  The  use  of 
the  much  simpler  approximate  form  has  been  found  to  introduce 
inconsiderable  error. 
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ratio.  As  in  the  case  of  the  compression-ratio  chart, 
the  substitutions  are  not  included  nor  are  the  results 
checked  by  actual  runs.  The  mixture  was  assumed  to 
be  chemically  perfect  at  15  to  1.  It  is  observed  that 
detonation  disappears  gradually  as  the  mixture  gets 
richer.  On  the  lean  side,  the  available  heat  of  the  mix- 
ture drops  off  rapidly,  thereby  causing  a  corresponding 
rapid  change  toward  normal  combustion.  This  curve 
probably  deviates  considerably  from  the  actual  relation- 
ship, due  to  the  fact  that  the  constant  of  the  reaction 
velocity  of  combustion  undoubtedly  is  reduced  by  the 
presence  of  excess  fuel  and  also  to  the  fact  that  the 
chemically  perfect  mixture  that  has  been  assumed  to 
liberate  a  maximum  amount  of  energy,  probably  does 
not  do  so,  the  maximum  energy  liberation  occurring  more 
nearly  at  12  to  1  than  at  15  to  1.  However,  the  curve 
shows  in  a  qualitative  way  the  relationship  existing  be- 
tween knock  and  mixture-ratio,  and  indicates  the  major 
factors  involved.  Fig.  12  records  the  physical  charac- 
teristics of  the  kerosene  used  in  all  runs. 

APPENDIX   1. 

Basic  Equations 

The  basic  equations  upon  which  this  development  de- 
pend are  mentioned  in  the  text  of  the  paper. 

px  —  P2  =  Wlg(V,—  Vr) 

W  =  KD>"T,">  (2) 

where 

Di  =  the  density  ahead  of  the  flame-front 
g  =  32.2 

m  =  an  exponent  to  be  determined  experimentally 
n  =  an  exponent  to  be  determined  experimentally 
Pi  =  the  pressure  ahead  of  the  flame-front,  in  pounds 

per  square  foot 
P,  =  the   pressure  to   the   rear   of   the   flame-front,    in 

pounds  per  square  foot 
T  =  the  absolute  temperature  ahead  of  the  flame-front 
Vx  —  the  specific  volume  ahead  of  the  flame-front,   in 

cubic  feet  per  pound 
V.  =  the  specific  volume  to  the  rear  of  the  flame-front, 

in  cubic  feet  per  pound 
W  =  the   reaction-velocity,   in   pounds   of   gas   entering 

the  flame-front  per  second 

Our  object  is  now  to  combine  both  of  these  equations 
into  a  single  fundamental  expression  containing  Pl  and  P, 
as  the  only  variables.  This  derivation  will  be  followed 
readily  if  the  two  parts,  W/g  and  (V2 — VJ  be  de- 
veloped  separately. 

In  regard  to  the  development  of  the  first  part,  W/g, 
since  the  compression  of  the  unburnt  gas  ahead  of  the 
flame-front  can  be  assumed  to  be  substantially  adiabatic. 

Di/D„  =  Vo/V,  =  (P,/P„)  i/» 
T,ITo=  (P1/Pl.),""1)/!/ 
where 

D„  =  the  density  at  ignition 
To  =  the  absolute  temperature  at  ignition 
P»  =  the  pressure  at  ignition 
y  =  CplCv  =  1.35 
then 

W  =  KDx«Tj» 

=  K  [IV'(JVPo)"/-"]  [7V"  (P,/P<,)['» i "-in/!' 
=  KDa" 77"  (P>/P,:)  I " ' '" iir-i)V» 
and 

11-  g=  (IC-Da-"To2mlg)  (P1/P„)2["t'"(!'-i)]/!' 

=  LPXQ  (3) 

where 

L  =  K-D„-"T,fim/gP,y 

Q  =  2  [n+m  (y  —  l)]/j/ 

The  following  derivation  of  a  value1  for  V,  —  V,  is 
based  on  the  assumption  that  the  expansion  of  the  gas 
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in  passing  through  the  flame-front  is  equal  to  that  which 
would  result  from  the  liberation  of  the  same  amount  of 
heat  during  combustion  at  a  constant  pressure  equal  to 
the  pressure  at  the  rear  of  the  flame-front. 
For  constant  pressure  burning 

h  =  C„(T,—  Tl) 
=  (CP/R)(P)(V!—V\) 
where 

C-hR/Cp 

Cp  =  the  specific  heat  at  constant  pressure 
h  =  the  effective  heat  value  per  pound  of  gas 
R  =  778  (Cp  —  Cv) 
hence 

V2—  Vi=hR/CpP 
-C/P 
and,  in  this  case, 

Vi  —  Vx  =  C/P,  (10) 

By  substituting  the  derived  equivalents  for  (W*/g) 
and  (V, —  Vt),  already  stated,  in  the  basic  equation 
P,—  P,  =  (W/g)   (7,-7,),  we  obtain 

W/g  =  LP,Q  (3) 

V2—  Vi  =  C/P,  (Approximate) 
then 

P,  —  Pt  =  W/g(V*  —  V,) 

=  LPrQC/Pi 

=  MP19C/P,  (5) 

where 

M  =  LC 

APPENDIX  2 
Determination  of  Critical  Pressure  of  Detonation 

If  P,  —  P,  be  plotted  against  P2  in  equations  (4)  and  (5) 
it  is  found  that  P..  reaches  a  maximum  value  correspond- 
ing to  the  critical  pressure  of  detonation.  Therefore,  if, 
in  these  equations,  P,  —  P,  be  differentiated  with  respect 
to  P,  an  expression  may  be  derived  defining  this  critical 
point. 

Pl  —  P,=  (Z,P,<?xC)/P, 
=  MP.Q/P, 
where 

M  =  LXc 
Let 

Pi  —  P*  =  z 
P,  =  x 
then 

z—  [M(x  +  x)«]/a; 
or 

x  =  [M(x  +  z)Q]/z 
Differentiating 
dx=MzQ(X  +  z)^dz-M(,  +  z)>Mz    +MQ{X  +  Z)(,hh. 


dx[l  —  f-Q(x  +  «)«"i] 


-«(a  +  «)«-1— Jr  (•^•  +  ^)<?] 


I 


dx 
dz 


Q(x  +  z)Q-i—~   <*  +  *)« 

M 
1  —  —  Q(x  +  z)Q-t 
z 


Let 
then 

or 


dx 

x  is  a  maximum  when  -= —  =:  0 
dz 

M 


?(.  +  .)- [Q-tti] 


=  o 


M 

—  («  +  «)«-!  =  0 

(indeterminate) 


Q—  (x  +  z)/z  =  0 
z  (Q  —  l)  =x 
z  =  x/(Q  —  l) 

Substituting  in  the  original  equation  we  have 

:=[M(x  +  z)Q]/x 

1  X 

0-2 


i" 


Q- 


x  =  J(Q  —  l)Q- 


or 


^V 


0-2 


MQV 


V1 


P,  =  JtQ  —  i)Q-1 


MQ(> 


where 

Cp  =  the  specific  heat  at  constant  pressure 
Cv  =  the  specific  heat  at  a  constant  volume 
Da  =  the  density  at  ignition 
9  =  32.2 

h  =  the  effective  heat-value  per  pound  of  mixture  or 
the  product  of  the  pounds  of  fuel  per  pound  of 
mixture  times  the  heat  value  per  pound  of  fuel 
times  the  efficiency  of  combustion  times 

1  —  (CI  X  ^ 


CV 

K  =  the  constant  of  reaction  velocity 


M=zLC: 


* 


hR 

CP 


\     9P0Q 

m  =  an  experimentally  determined  exponent 
M=an  experimentally  determined  exponent 

Pa  =  the  pressure  at  ignition 

Pi  =  the  critical  pressure  of  detonation 

Q=  ~    ln  +  m(z  —  1)] 

P  =  778  (CP  —  Cv) 

To  =  the  absolute  temperature  at  ignition 

Since  the  adiabatic  compression  of  the  unburnt  gas 
ahead  of  the  flame-front  is  really  an  extrapolation  of  the 
compression  performed  by  the  piston,  D0,  P0  and  T0  in 
the  above  formula  can  be  taken  as  the  condition  of  the 
mixture  at  the  closing  of  the  inlet-valve  as  well  as  that 
at  the  point  of  ignition.  In  this  form  the  expression 
can  be  used  more  readily  in  calculations. 

The  values  of  m,  n  and  Q,  that  were  found  to  check 
the  observed  data,  are  m  =  3.22,  n  =  0.9  and  Q  =  3. 
Equation   (6)   thus  becomes 

P,  =  0.148/M  (7) 
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Research  Topics  and  Suggestions 

rHE  Research  Department  plans  to  present  under  this  heading  each  month  a  topic  that  is  pertinent  to  the 
general  field  of  automotive  research,  and  is  either  of  special  interest  to  some  group  of  the  Society  member- 
ship or  related  to  some  particularly  urgent  problem  of  the  industry.  Since  the  object  of  the  department  is  to  act 
us  a  clearing-house  for  research  information,  we  shall  be  pleased  to  receive  the  comments  of  members  regarding 
tin    topics  so  presented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 


TESTS— RELIABLE  AND  OTHERWISE 


THE  correspondence,  published  papers  and  advertising 
matter  that  come  to  the  attention  of  the  Research  De- 
partment frequently  quote  laboratory  tests  and  expressions 
of  opinion  on  technical  subjects  that  are  by  no  means  as 
reliable  as  they  should  be.  Such  instances  are  especially  fre- 
quent in  connection  with  reports  of  newly  developed  devices 
and  equipment.  We  believe  that  these  instances  are  the  result 
of  failure  of  some  engineers  to  appreciate  the  importance 
of  some  of  the  factors  that  are  essential  to  the  securing  of 
reliable  test-results  and  to  the  deduction  of  reliable  conclu- 
sions  from   them. 

It  would  take  a  textbook  to  cover  even  briefly  all  the  fac- 
tors involved  in  the  testing  of  appliances  alone.  A  few  of 
these  factors,  however,  seem  to  be  peculiarly  subject  to  neg- 
lect. Nearly  all  of  the  special  appliances,  accessories  or  ma- 
terials, tests  of  which  are  requested  from  time  to  time  for 
the  information  of  the  producers,  or  for  advertising  purposes, 
are  in  a  competitive  position.  Only  rarely  does  an  entirely 
new  product  appear,  but  what  follows  applies  with  almost 
equal  force  in  this  case  also. 

The  usefulness  or  probable  success  of  any  particular  prod- 
uct is  always  a  matter  of  relative  values.  For  instance,  to 
know  whether  a  new  type  of  wheel  is  worth  producing,  we 
must  know,  not  whether  it  is  a  good  wheel,  but  whether  it  is 
better,  or  cheaper  or  possesses  other  advantages  over  the 
other  types  of  wheel  in  use.  Even  if  the  product  is  in  a  new 
or  non-competitive  field,  its  value  still  depends  upon  its  rela- 
tion to  other  products.  Failure  to  recognize  this  general 
fact  is  one  of  the  common  causes  of  unreliable  test-results. 

It  is  all  too  common  an  occurrence  to  find  in  print  or  in 
letters  of  commendation  the  results  of  tests  of  various  appli- 
ances, made  by  engineers  or  in  laboratories  whose  reputa- 
tions carry  great  weight,  but  which  tests  were  obviously  made 
without  adequate  knowledge  of  other  similar  appliances.  To 
take  a  concrete  but  hypothetical  illustration,  John  Doe  in 
charge  of  the  Excelsior  Laboratory  reports  as  follows  on 
the  test  of  a  vacuum  cleaner: 

This  cleaner  weighs  41  lb.;  it  contains  an  alternating 
current  motor  which  runs  at  8700  r.p.m.  and  requires 
200  watts  on  a  110-volt  60-cycle  circuit.  It  produces  a 
suction  of  12  in.  of  water  when  the  cleaner  nozzle  is 
closed,  and  moves  100  cu.  ft.  of  air  per  min.  when  the 
nozzle  is  open.  It  was  tested  on  a  6  x  9-ft.  Persian 
rug  into  which  had  been  rubbed  6  oz.  of  flour.  The 
amount  of  flour  caught  after  5-min.  operation  by  an 
inexperienced  operator  was  5%  oz. 

We  conclude  from  these  tests  that  this  vacuum 
cleaner  is  a  thoroughly  reliable  and  satisfactory  ma- 
chine. 

This  report,  backed  by  the  name  of  John  Doe  of  the  Excel- 
sior Laboratory,  might  have  great  weight  with  the  public 
and  be  of  commercial  value  to  the  salesmen  of  the  device  but, 
as  there  are  a  good  many  varieties  of  vacuum  cleaner  on  the 
market  that  differ  from  this  one  in  respect  to  every  single 
item  reported,  this  test  fails  to  give  the  slightest  information 
to  the  hypothetical  vacuum-cleaner  engineer  as  to  the  real 
merit  of  this  particular  machine,  unless  he  himself  knows 
the  corresponding  figures  for  at  least  a  large  part  of  the  other 
machines  on  the  market.  John  Doe  would  never  append  his 
name  or  that  of  the  Excelsior  Research  Laboratory  to  such  a 
test  if  he  realized  its  essential  unreliability  as  a  real  indica- 
tion of  merit. 


Another  less  obvious  but  perhaps  more  important  fault  in 
many  test-results  is  failure  to  take  account  of  essential  prin- 
ciples. When  an  inventor  presents  a  perpetual-motion  ma- 
chine, and  calls  it  such,  he  gets  no  hearing,  but  there  are 
scores  of  perpetual-motion  machines  presented  with  such 
confusion  of  detail  that  occasionally  some  engineer  is  tricked 
into  making  a  report  on  some  of  them  without  realizing  that 
it  violates  the  principle  of  the  conservation  of  energy. 

But  there  are  other  principles  as  important  and  fundamen- 
tal as  the  latter,  the  application  of  which  would  prevent  many 
mistakes.  Most  of  these  are,  or  should  be,  familiar  to  all 
experimentalists,  but  the  applications  are  not  always  obvious. 
For  instance,  Newton's  law,  stated  briefly,  that  "action  and 
reaction  are  equal  and  opposite,"  applied  to  the  simple  case 
of  a  shaft  implies  that  the  torque  on  the  driven  end  cannot 
exceed  that  on  the  driving  end.  And  this  is  true  even  if  the 
shaft  is  cut  in  two  and  any  sort  of  a  mechanism  interposed 
between  the  ends,  so  long  as  this  mechanism  has  no  reactions 
on  anything  but  the  shaft  itself.  Yet  we  find  every  little 
while  a  new  discussion  or  a  test  of  some  sort  of  transmission 
that  obviously  violates  thi6  principle  and  therefore  cannot 
possibly  do  what  is  claimed  for  it. 

One  of  the  most  conspicuous  faults  of  test  results  is,  too 
many  variables  changed  at  the  same  time.  In  its  worst 
phases,  this  practice  represents  actual  fraud.  For  instance, 
the  enthusiastic  purveyor  of  some  gasoline-improver,  or  of 
a  device  for  improving  carburetion,  makes  a  test  for  mileage 
with  a  second-hand  car  as  is,  or  even  guesses  at  the  prob- 
able mileage  of  such  a  car,  then  he  puts  in  his  "dope"  or  in- 
stalls his  device,  readjusts  the  carbureter,  and  perhaps 
scrapes  carbon,  grinds  valves  and  does  a  few  other  things  of 
the  same  kind,  after  which  he  compares  the  new  mileage 
with  the  old.  No  reputable  engineer  would  do  quite  this,  yet 
it  is  all  too  common  to  find  tests  run  by  University  labora- 
tories or  by  engineers  who  have  not  seen  the  importance  of 
controlling  and  checking  test  conditions  so  that  results  are 
really  comparable. 

What  should  have  been  done  in  the  test  just  mentioned  is 
this:  the  car  should  have  been  reconditioned  first;  then  sev- 
eral tests  should  have  been  run  alternately  with  and  without 
the  new  dope  or  device,  taking  care  that  weather,  road  and 
driving  conditions  were  substantially  constant.  The  meth- 
ods of  using  blank  or  check  tests  are  too  familiar  and  too 
numerous  to  mention  here,  but  the  frequency  with  which  they 
are  neglected  constitutes  a  severe  criticism  of  the  common 
test-procedure. 

There  has  been  much  justified  criticism  of  tests,  more  par- 
ticularly of  those  run  in  the  laboratory,  to  the  effect  that  they 
do  not  represent  actual  service  conditions.  It  is  usually-  pos- 
sible with  sufficient  skill,  experience  and  laboratory  equip- 
ment to  run  almost  any  test  in  the  laboratory  that  can  be 
run  in  service  and  to  get  results  that  check  service  con- 
ditions. It  is  also  possible,  usually,  to  get  results  under 
service  conditions  that  have  most  of  the  reliability  and  accu- 
racy of  laboratory  results,  provided  enough  skill  and  equip- 
ment are  at  hand.  Sometimes  one  method  and  sometimes 
the  other  is  easier,  but  to  be  sure  that  the  results  are  at  the 
same  time  accurate,  reliable  and  representative  of  actual  ser- 
vice is  one  of  the  most  difficult  phases  of  test  procedure. 

When  a  University  or  private  laboratory,  or  a  consulting 
engineer,  makes  a  report  on  any  test  whatever,  such  a  report, 
of  course,  carries  weight  in  proportion  to  the  reputation  of 
the  man  or  institution  whose  name  is  attached  to  it.     In  the 
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ease  of  laboratories,  such  reports,  although  made  and  signed 
by  an  individual,  still  carry  weight,  depending  on  the  labo- 
ratory's reputation. 

The  observations  that  led  to  this  discussion  have  convinced 
us  that  no  laboratory  should  allow  test  reports  to  go  out, 
in  the  name  of  the  laboratory  or  of  any  individual,  without 


a  careful  check  as  to  their  reliability.  Both  the  laboratory 
and  the  individual  engineer  who  reports  the  results  of  tests, 
either  by  publication  or  in  private,  are  under  an  obligation 
to  the  engineering  fraternity,  to  the  public  and  to  the  parties 
for  whom  tests  were  made  to  see  that  unreliable  and  mis- 
leading results  are  avoided  so  far  as  is  possible. 


A  SURVEY  OF  CURRENT  LITERATURE 


THE  RESEARCH  staff  of  the  Society  regularly  reviews 
more  than  80  publications,  American  and  foreign,  bearing 
on  the,  automotive  industry.  The  articles  summarized  and 
indexed  below  were  selected  because  of  their  probable  inter- 
est to  readers  who  do  not  have  access  to  more  than  a  few 
publications  in  the  automotive  field. 

The  Research  Department  invites  inquiries  from  members 
who  may  be  interested  in  any  of  the  topics  discussed  here. 
Copies  of  all  articles,  clippings  and  pamphlets  mentioned  are 
kept  on  file  for  the  information  of  our  members. 

Gasoline  Specifications  Revised 

The  latest  revisions  of  the  Federal  Specifications  for  Motor 
Gasoline  and  other  petroleum  products  appear  in  Technical 
Paper  No.  323  of  the  Bureau  of  Mines,  published  by  the 
Government  Printing  Office,  City  of  Washington;  price,  10 
cents. 

The  outstanding  change  is  in  automobile  gasoline,  for  which 
the  latest  specifications  read  as  follows: 

properties  and  tests 

Color- — Method  10.1.  The  color  shall  not  be  darker  than 
No.  16  Saybolt 

Corrosion  Test — Method  530.21.  A  clean  copper  strip 
shall  not  be  discolored  when  submerged  in  the  gaso- 
line for  3  hr.  at  122  deg.  fahr. 

Distillation  Range — Method  100.11.  When  the  first 
drop  has  been  recovered  in  the  graduated  receiver,  the 
thermometer  shall  not  read  more  than  55  deg.  cent. 
(131  deg.  fahr.)  .  .  .  (The  former  specification  was 
60  deg.  cent,  or  140  deg.  fahr.).  When  20  per  cent 
has  been  recovered  in  the  receiver,  the  thermometer 
shall  not  read  more  than  105  deg.  cent.  (221  deg. 
fahr.).  When  50  per  cent  has  been  recovered  in  the 
receiver,  the  thermometer  shall  not  read  more  than 
140  deg.  cent.  (284  deg.  fahr) .  When  90  per  cent 
has  been  recovered  in  the  receiver,  the  thermometer 
shall  not  read  more  than  200  deg.  cent.  (392  deg. 
fahr.).  .  .  .  (Former  specification  was  190  deg. 
cent,  or  374  deg.  fahr.).  The  end-point  shall  not  be 
higher  than  225  deg.  cent.  (437  deg.  fahr.).  At  least 
95  per  cent  shall  be  recovered  as  distillate  in  the  re- 
ceiver from  the  distillation. 

High-Speed  Oil-Engines 

A  paper  by  J.  L.  Chaloner,  published  in  preprint  form  by 
the  Institution  of  Automobile  Engineers  under  the  above 
title,  in  February,  1923,  emphasizes  the  technical  character- 
istics of  the  high-speed  oil-engine  when  applied  to  the  auto- 
mobile. The  paper  is  reviewed  in  Engineering  (London) 
as  follows: 

The  author  classifies  the  different  types  of  engine 
in  accordance  with  their  fundamental  principles  of 
operation,  and  finds  it  possible  to  do  so  without  intro- 
ducing names  of  inventors  or  firms  into  the  nomen- 
clature. The  main  part  of  the  paper  is  devoted  to  con- 
sideration of  the  design  of  complete  engines  or  of 
mechanical  details,  thus  presenting  in  a  handy  form 
a  large  collection  of  matter  of  great  interest  to  the 
designer.  Tables  giving  the  leading  particulars  of 
numerous  engines,  together  with  data  as  to  their  per- 
formances, and,  in  many  cases,  their  respective  heat- 
balances,  add  to  the  value  of  the  paper.  Mr.  Chaloner 
concludes  by  appealing  for  a  simple  system  of  nomen- 
clature based  on  the  technical  characteristics  of  the 
various  classes  of  oil  engine,  so  that  the  name  would 


define  the  type  of  engine  and  avoid  the  confusion  at 
present  existing.  He  considers  that  the  limiting  dimen- 
sions of  the  present  type  of  engine  are  well  known, 
being  controlled  by  mechanical  and  metallurgical  prop- 
erties of  the  materials  employed.  No  system  of  fuel 
utilization  which  yields  a  maximum  possible  return 
of  only  50  per  cent  will  remain  satisfactory  to  en- 
gineers, and  Mr.  Chaloner  appears  to  envisage  the 
future  discovery  of  some  new  and  more  efficient  cycle 
for  internal  combustion. 

However  this  may  be,  the  modern  internal-combus- 
tion engines  are  at  present  the  most  efficient  machines 
known  for  converting  fuel  energy  into  work,  and  the 
author's  review  of  those  using  oil  as  fuel  is  a  most  use- 
ful contribution  to  the  literature  of  the  subject. 

The  Technique  of  Calculation 

A  review  of  James  Watt's  paper,  Automobile  Calculations, 
appeared  in  the  December,  1922,  issue  of  The  Journal.  In 
this  paper  the  author  suggested  practical  methods  by  which 
certain  characteristic  problems  could  be  tackled.  His  pri- 
mary object  in  writing  the  paper  was  to  afford  assistance 
^to  those  personally  responsible  for  carrying  out  the  calcula- 
tions. A  supplementary  paper,  under  the  above  title,  that 
has  been  prepared  chiefly  for  the  benefit  of  those  respon- 
sible for  the  organization  and  supervision  of  such  work,  ap- 
pears in  the  Automobile  Engineer  for  February,  1923,  p. 
59. 

Some  Interesting  Gaging  Appliances 

A  number  of  novel  and  effective  machines  for  Gear  Inspec- 
tion and  Piston-Ring  Testing  are  described  and  illustrated  in 
Engineering  Production  for  Jan.  15,  1923.  One  of  them 
is  the  Saurer  piston-ring  testing  apparatus  for  verifying 
the  pressure  exerted  by  the  rings  when  compressed.  Another 
appliance,  designed  for  testing  spur  gears  for  the  pitch  and 
the  distance  between  the  centers  of  the  wheels,  and  an  appa- 
ratus for  checking  accurately  the  play  of  the  teeth  and  the 
concentricity  of  the  gear  wheels,  are  likely  to  be  of  interest 
to  many  of  our  readers. 

Aeronautical  Nomenclature 

To  insure  greater  uniformity  and  accuracy  in  official  doc- 
uments and  in  trade  and  technical  publications  dealing  with 
aeronautical  subjects,  a  special  conference  authorized  by  the 
National  Advisory  Committee  for  Aeronautics  prepared  Re- 
port No.  157,  which  was  issued  under  the  above  title.  The 
report  is  divided  into  three  sections:  Alphabetical  Nomen- 
clature, Nomenclature  by  Divisions  and  Aeronautical  Sym- 
bols. The  subject  is  covered  thoroughly  in  this  timely  publi- 
cation. 

Notes  on  Aerodynamic  Forces  on  Airship  Hulls 

The  failure  of  the  airship  ZR  1  a  disaster  that  is  still  fresh 
in  most  minds,  was  probably  due  to  a  lack  of  knowledge  of 
this  particular  problem,  which  has  been  worked  out  mathe- 
matically by  the  author,  L.  B.  Tuckerman,  engineer  physi- 
cist of  the  Bureau  of  Standards.  The  article  appears  as 
No.  129  of  the  Technical  Notes  of  the  National  Advisory 
Committee  for  Aeronautics. 

High-Speed  Engine  Indicators 

The  problems  of  the  engine  Indicator  are  covered  very 
thoroughly  in  four  papers  read  before  the  British  Institution 
of  Mechanical  Engineers,  Jan.  19,  1923,  and  published  in 
Engineering  for  Jan.  26,  1923.     These  papers   and  the  dis- 
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cussion  that  followed  them  are  reviewed  critically  in  En- 
gineering for  Feb.  16,  1923,  attention  being  drawn  to  the 
Midgrley  indicator  that  was  not  mentioned  at  the  meeting, 
but  which  possesses  one  or  two  special  features  that  meet 
points  of  criticism  raised  by  various  speakers. 

Multi-Wheel  and  Track  Motor-Vehicles 

T.  G.  Tulloch,  in  a  paper  issued  by  the  Institution  of  Auto- 
mobile Engineers  as  preprint,  in  March,  1923,  discusses  the 
following  factors  in  the  economics  of  land  transportation 
other  than  by  railroad:  reduction  in  the  cost  and  the  main- 
tenance of  roads;  reduction  in  the  taxation  of  the  vehicles; 
increases  in  the  carrying  capacity  of  the  roads;  increase  in 
the  carrying  capacity  of  the  vehicles;  increase  in  the  speeds; 
reduction  in  the  running  costs  and  the  maintenance  of  the 
vehicles;  influence  on  future  wars. 

Torsion  of  Crankshafts 

S.  Timoshenko  in  Mechanical  Engineering  for  February, 
1923,  considers  the  case  of  a  crankshaft  with  a  single  throw 
and  establishes  the  mathematical  relations  for  such  a  case. 
He  investigates  three  conditions  for  such  a  crankshaft:  (a) 
no  constraint,  corresponding  to  ample  clearance  in  the  bear- 
ings; (6)  complete  constraint,  corresponding  to  no  clearance 
in  the  bearings;  (c)  partial  constraint,  corresponding  to 
ample  clearance  in  the  halves  of  the  bearings  nearest  the  web 
and  no  clearance  in  the  other  halves. 

Effect  of  Repetition  Stresses  on  Materials 

The  efforts  made  by  research  workers  during  the  past  few 
years  to  determine  the  fatigue  range  of  materials,  and  to 
estimate  the  conditions  that  determine  failure  under  repeated 
stresses  illustrate  the  growing  importance  of  these  problems 
to  engineers.  In  a  paper  read  before  the  Institution  of  Civil 
Engineers,  at  Birmingham,  Prof.  F.  C.  Lea  discussed  these 
questions  in  the  light  of  recent  experience.  The  work  of 
H.  F.  Moore  and  J.  B.  Kommers  on  the  Fatigue  of  Metals. 


published  as  a  University  of  Illinois  Bulletin,  No.  124,  in  1921. 
covers  some  of  the  points  discussed  in  Professor  Lea's  paper. 
The  results  of  repeated  stress  tests  of  various  materials  at 
various  temperatures  are  given  in  tabular  form  in  this  inter- 
esting paper,  which  appeared  in  Engineering,  Feb.  16,  1923, 
p.  217,  and  Feb.  23,  1923,  p.  254.. 

Gearboxes  for  Motorcycles 

A  paper  by  I.  Cohen  that  was  issued  by  the  Institution  of 
Automobile  Engineers  as  a  preprint  in  March,  1923,  con- 
tains a  critical  study  of  the  design  and  construction  of  motor- 
cycle gearboxes,  gears  and  clutches. 

A  Comparative  Test 

The  Autocar  in  its  issue  of  Feb.  16,  1923,  pp.  252-255,  pre- 
sents the  results  of  a  comparative  test  of  a  Peugeot  15-hp. 
four-stroke  four-cylinder  gasoline  engine  and  a  Peugeot- 
Tartrais  15-hp.  two-stroke  two-cylinder  heavy-oil  engine. 

Non-Skid   Tire-Tread   Design 

H.  W.  Perry  in  India  Rubber  World  for  March  1,  1923, 
discusses  the  principal  requisites  of  a  superior  design  which 
are  stated  as  resistance  to  side-slip  and  spinning;  resistance 
to  wear;  freedom  from  suction  and  noisiness;  attractive  ap- 
pearance and  distinctiveness. 

Burnishing  the  Teeth  of  Gears 

In  an  article  in  the  American  Machinist  for  March  1,  1923, 
Ellsworth  Sheldon  describes  a  process  that  corrects  minor 
errors  of  contour,  smooths  and  densifies  tooth  surface,  fore- 
stalls effects  of  distortion  in  hammering;  analogous  to  cold- 
hammering. 

The  Oscilloscope 

Engineering  Production  (London),  Nov.  16,  1922,  contains 
notes  on  a  new  and  useful  optical  mechanical  device  with 
many  applications  to  automotive  engineering  work. 


TEST  OF  AIR-CLEANERS  FOR  TRACTOR  ENGINES 


A  REPORT  on  the  performance  of  26  air-cleaners  for 
tractor  engines  was  presented  before  the  American 
Society  of  Agricultural  Engineers  by  A.  H.  Hoffman,  who 
made  the  tests  and  developed  an  accurate  laboratory  method 
for  determining  dust-separating  efficiency.  This  method, 
which'  makes  possible  a  reliable  comparison  of  the  clean- 
ers, requires  a  standard  air-floated  dust,  which  can  be  kept 
in  an  unchanged  condition  indefinitely.  This  dust  is  fed  to 
all  cleaners  in  the  same  manner  and  at  the  same  rates  by  an 
ingenious  dust-feeding  mechanism.  A  known  weight  of  the 
dust  is  mixed  with  the  air  entering  the  cleaner  to  be  tested; 
the  dust  not  retained  by  the  cleaner  is  removed  by  an  "ab- 
solute cleaner"  that  is  designed  so  that  the  dust  collected 
by  it  can  be  weighed  accurately  or  compared  photographically. 

The  efficiencies  thus  determined  for  nine  oil-type  cleaners 
range  from  94.7  to  99.9  per  cent;  for  the  nine  water- type 
cleaners,  from  83.6  to  97.3  per  cent;  and  for  eight  dry-type 
cleaners,  from  37.6  to  99.5  per  cent.  Each  cleaner  was  sub- 
jected to  at  least  three  test-runs,  during  which  it  was  con- 
nected with  the  1%-in.  Kingston  model-L  carbureter  of  a 
Weidely  Model  MAU  engine  of  22.5  rated  hp.  The  normal 
engine-speed  was  kept  at  1200  r.p.m.,  and  the  dust  was  fed 
at  the  rate  of  50  grams  in  30  min.  The  three  test-runs  were 
made  respectively  under  normal  load  of  20.4  hp.,  under 
light  load  of  12.6  hp.,  and  under  service  conditions  of  varia- 
ble load,  variable  speed,  quick  pick-up  with  wide-open  throttle, 
idling  and  backfiring.  The  service  test  showed  lower  ef- 
ficiency for  a  number  of  cleaners. 

The  dust-separating  efficiency,  although  the  most  impor- 
tant feature,  is  not  alone  sufficient  to  determine  the  relative 
merits  of  cleaners.  Thus,  the  vacuum  at  the  carbureter  in- 
take due  to  the  attached  cleaner  may  affect  the  power  of  the 
engine,  especially  when  the  cleaner  becomes  filled  with  dust 
and  dirt.  A  series  of  power  determination  with  and  without 
cleaners  attached  seemed  to  indicate  that  this  effect  is  slight 


so  long  as  the  cleaner  has  collected  but  little  dust.  As  the 
cleaner  fills-up,  however,  the  vacuum  increases  very  fast 
with  some  cleaners,  but  not  with  others.  In  this  respect 
the  water-type  cleaners  showed  the  best  performance,  for  in 
all  nine  of  the  water-type  cleaners  under  the  test  the  vacuum 
was  independent  of  the  amount  of  dust  collected.  Of  the 
nine  oil-type  cleaners,  four  showed  a  vacuum  proportional 
to  the  amount  of  dust  collected;  the  same  was  true  of  one 
of  the  eight  dry-type  cleaners.  This  "fill-up"  test  was  de- 
signed to  exhibit  the  ability  of  the  cleaner  to  work  under 
gross  neglect  and  abuse.  In  a  general  way  the  results  give 
some  idea  of  what  might  be  expected  of  the  cleaner  when 
given  no  attention  until  it  is  filled  up  with  dirt.  When  a 
cleaner  under  this  test  book  5  lb.  or  more  of  the  dust  with- 
out an  appreciable  rise  in  the  vacuum  and  without  loss  of 
dust-separating  efficiency,  it  was  considered  that  the  particu- 
lar cleaner's  ability  to  stand  neglect  has  been  established 
satisfactorily. 

A  number  of  the  cleaners  had  intakes  that  were  not 
screened  properly  and  their  construction  was  such  that  the 
presence  of  vegetable  refuse  might  affect  the  vacuum.  These 
cleaners  were  put  to  a  special  test,  in  which  air-dried  wheat 
chaff  was  sifted  into  the  airstream  and  vacuum  readings 
taken.  Finally,  the  water-type  cleaners  were  intercompared 
for  performance  when  the  water-level  was  low.  Both  of 
these  special  tests  revealed  cleaner  characteristics  that  were 
not  indicated  by  the  dust-separating  efficiencies. 

Mr.  Hoffman's  tests  constitute  the  most  comprehensive 
study  of  air-cleaners  that  has  ever  been  made,  and  the  de- 
tails of  the  tests,  now  on  file  in  the  office  of  the  Agricultural 
Engineering  Division,  University  Farm,  Davis,  California, 
may  be  studied  profitably  by  everyone  interested  in  tractors. 
The  results  of  the  tests  will  be  published  in  a  forthcoming 
volume  of  the  Transactions  of  the  American  Society  of  Agri- 
cultural Engineei  s. 
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STATING  that  automotive  literature  presents  sur- 
prisingly little  helpful  information  concerning  the 
faults  of  the  steering-systems  used  on  automotive 
vehicles  and  that,  in  spite  of  the  fact  that  so  many  of 
the  faults  are  self-evident,  they  frequently  are  over- 
looked in  actual  practice,  the  author  includes  with  the 
presentation  of  his  own  investigations  summaries  of  the 
views  expressed  by  numerous  well  qualified  automotive 
engineers  and  discusses  these  steering-gear  faults  in 
some  detail. 

Beginning  with  the  subject  of  safety,  consideration  is 
given  successively  to  the  causes  of  hard  steering,  the 
angular  position  of  knuckle-pivots,  knuckle-pivot  loca- 
tion, the  foregather  or  toe-in  of  wheels,  castering  or 
trailing  effect,  wheel-wabble,  drag-link  location,  irre- 
versibility, steering-gear  type  comparisons,  tie-rods  and 
tie-rod  arms.  Numerous  drawings  illustrative  of  pres- 
ent-day practice  are  presented  and  commented  upon, 
reference  being  made  also  to  other  articles,  printed  pre- 
viously, that  are  pertinent. 

STEERING-SYSTEMS  employed  on  many  modern 
passenger-cars  and  trucks  are  known  to  have  cer- 
tain faults,  but  the  literature  of  the  automotive 
industry  contains  surprisingly  little  helpful  information 
regarding  either  these  faults  or  the  factors  that  should 
control  the  design  of  the  system  as  a  whole.  Neither  the 
Transactions  of  the  Society  nor  the  Proceedings  of  the 
British  Institution  of  Automobile  Engineers  contain  any 
papers  dealing  with  the  subject  except  by  incidental  or 
casual  reference.  It  has,  therefore,  seemed  highly  de- 
sirable to  collect  here  certain  data  pertaining  to  various 
parts  of  the  system,  and  to  discuss  the  arguments  ad- 
vanced for  the  several  types  of  construction  employed 
and  their  layout  or  arrangement  in  reference  to  other 
parts.  The  effect  upon  the  operation  and  performance  of 
the  vehicle  will  be  considered  also. 

No  claim  for  originality  in  the  material  presented  is 
made.  Many  of  the  facts  given  can  be  said  to  be  virtu- 
ally self-evident,  yet  it  is  surprising  how  frequently  they 
are  overlooked  in  actual  practice.  I  have  been  assisted 
greatly  in  preparing  the  paper  by  several  members  of 
the  Society.  In  fact,  the  views  expressed  are  formulated 
largely  by  summarizing  the  opinions  of  a  number  of 
well-qualified  engineers,  including  several  of  those  most 
prominent  in  the  automotive  industry. 

Steering-systems  as  a  whole  have  been  changed  but 
little  for  many  years.  The  conventional  layout  has 
operated  with  reasonable  satisfaction  in  most  cases ;  so, 
it  has  been  given  relatively  little  attention  as  compared 
to  other  parts  of  the  chassis  that  demanded  intensive 
development.  As  a  result,  the  steering-system  has  lagged 
behind  in  the  general  development  of  motor  vehicles.  It 
is   hoped    that    the   data   assembled    in   this    paper   will 


1  M.S.A.E. — Engineering  editor,  Automotive  Industries,  New  York 
City. 

-  s.-.-  Aiitomooiie  Engineer,  July.  1910.  p.  3">  :  see  also  the  Gasoline 
Automobile,  by  I'.  M.  Heldt.  vol.  2. 


encourage  further  study  of  the  subject  and  result  ulti- 
mately  in   a  decided   improvement  in  steering  systems. 

Safety 

It  may  seem  almost  superfluous  to  discuss  the  matter 
of  safety  as  affecting  steering-system  design,  but  the  fact 
is  that  far  too  little  attention  has  been  given  to  this 
factor,  which  should  be  the  primary  consideration  in  the 
design  of  most  parts  of  every  self-propelled  vehicle.  Im- 
portant details,  such  as  means  for  locking  the  yokes 
properly  to  the  tie-rod,  are  overlooked  too  frequently. 
Lost  motion  that  results  at  this  and  other  points  fre- 
quently makes  .the  vehicle  unsafe.  I  know  of  instances 
where  it  has  been  necessary  to  braze  the  yokes  and  the 
tie-rod  together  before  the  joint  would  remain  tight. 
Serious  accidents  are  said  to  have  resulted  from  failure 
to  give  attention  to  items  of  this  character.  One  manu- 
facturer of  steering-gear  parts  states  that  some  automo- 
tive manufacturers  refuse  to  accept  parts  in  which  the 
limits  are  held  sufficiently  close  to  insure  good  fits,  simply 
because  such  parts  cannot  be  assembled  so  rapidly  as 
others  that  are  given  more  clearance.  A  policy  of  this 
character  is  certainly  not  in  the  interest  of  safety  and, 
therefore,  cannot  be  criticised  too  severely.  Other  points 
in  the  steering-system  are  open  to  similar  criticism. 
When  one  stops  to  realize  the  importance  of  safe  steering- 
systems,  especially  under  modern  conditions  of  traffic 
congestion,  it  is  evident  at  once  that  no  pains  should  be 
spared  to  make  the  steering-system  safe.  What  user 
would  not  gladly  pay  a  few  dollars  more  for  a  car  with 
a  safe  system  than  for  one  having  a  steering-system  open 
to  criticism  in  this  respect? 

I  shall  refer  only  to  the  conventional  steering-system 
in  which  the  two  front  wheels  are  mounted  on  spindles 
attached  to  the  axle  by  pivoted  knuckles  so  that  their 
angular  position  is  controlled  by  -a  steering-gear  connected 
to  the  knuckles  by  a  drag-link  and  tie-rod. 

It  is  desirable,  manifestly,  to  layout  such  a  system  in 
a  manner  that  will  permit  all  four  wheels  of  the  vehicle 
to  turn  about  a  common  center  without  any  sliding  action 
when  the  vehicle  turns  a  corner.  To  meet  this  condition, 
it  is  necessary  that  the  horizontal  projection  of  the  axes 
of  all  four  wheels  meet  at  a  common  point  in  all  positions 
of  the  wheels.  To  fulfill  it  exactly  would  require  that 
the  locus  of  the  point  of  intersection  be  a  straight  line 
coinciding  with  the  axis  of  the  rear  axle,  a  condition  that 
cannot  be  met  precisely  with  the  conventional  linkage.  It 
is  fulfilled  approximately  when  the  arrangement  is  such 
that  the  horizontal  projection  of  lines  drawn  through 
the  centers  of  the  knuckle-pivot  and  the  eyes  or  balls  on 
the  arms  to  which  the  tie-rod  is  attached  meet  in  the 
central  vertical  plane  of  the  car  at  or  slightly  forward 
of  the  center  of  the  rear  axle.  Articles2  by  J.  L.  Napier, 
discussing  the  geometry  of  this  layout,  have  appeared 
in  the  technical  press.  Unless  this  rule  is  followed,  ex- 
cessive tire-wear  and  hard  steering  are  apt  to  result. 
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Pig.   1 — The  Knuckle-Pivot  Design*  of  Steering-Mechanism   Used  on  the  Marmon  Car 


Causes  of  Hard  Steering 

Among  the  common  faults  of  the  steering-system  is 
the  excessive  effort  required  in  its  normal  operation. 
The  primary  causes  of  hard  steering  are  friction  and 
faulty  design  of  the  system,  the  latter  frequently  result- 
ing in  the  former.  Friction  can,  of  course,  occur  at 
many  points  and  for  a  great  variety  of  reasons,  some  of 
which  will  be  enumerated. 

(1)  Inaccurate   machine    work    at   joints   and   bearing 
surfaces 

(2)  Careless  assembly,  often  resulting  in  lack  of  align- 
ment 

(3)  Insufficient  lubrication 

(4)  Failure  to  exclude  dirt  and  moisture 

(5)  Excessive  bearing  pressures 

(6)  Under-inflation,  condition,  type  and  construction  of 
tires 

(7)  Faulty  design 


Under  (1),  nearly  all  parts  of  the  steering-gear  can  be 
cited ;  the  balls  and  the  sockets  in  the  drag-link,  the  king- 
pins and  their  bushings  and  the  tie-rod  joints.  It  is  not 
contended  that  these  units  are  always  subject  to  faulty 
machine  work,  but  instances  in  which  they  have  given 
trouble  on  this  account  are  fairly  common. 

Numerous   examples  of  careless  assembly    (2)    occur. 


Fig.   2 — The  Latest  Crane  Design  of  Steering-Knuckle  Which 

corporattes   a   vertical  pivot  with  a  roller  thrust  bearing 

and  a  Well  That  Permits  All  Bearings  to  Be  Kept  in  a  Bath 

of   Oil 


Fig.   3 — The  Timken   Axle  Employing   a   Roller  Thrust  Bearing 

A  common  one  is  the  fitting  of  the  steering-column  in 
the  support  at  the  dash.  This  is  sometimes  sprung  into 
place  after  the  lower  end  of  the  gear  is  bolted  in  position, 
with  results  that  obviously  are  poor.  Another  is  the 
forced  fitting  of  the  king-pins  and  a  third  is  the  use  of 
excessive  spring  pressures  on  drag-link  and  tie-rod  bolts. 
Insufficient  lubrication  (3)  is  so  common  a  fault,  es- 
pecially at  the  king-pins  and  at  drag-link  and  tie-rod 
joints,  that  these  parts  wear  rapidly  and  often  rust.  The 
steering-gear  usually  is  filled  originally  with  heavy  oil 
that  fulfills  its  purpose  well   so  long  as  it  remains  in 
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place,  and  the  same  can  be  said  of  the  knuckle-pins  on  a 
few  cars.  Excellent  examples  of  good  construction  in 
this  respect  are  the  Marmon  and  Crane  designs  shown 
in  Figs.  1  and  2.  In  both  of  these  the  bearing  surfaces 
are  arranged  so  as  to  be  submerged  in  a  well  of  oil.  The 
only  place  for  the  oil  to  escape  is  at  the  top  of  the  wells, 
where  felt  washers  are  fitted.  In  the  Crane  design  the 
aim  is  to  maintain  a  small  head  of  oil  above  the  bearings. 
The  use  of  a  hair  filling  in  the  oil  reservoir  helps  by  its 
capillary  action  to  prevent  loss  of  oil  at  the  top  of  the 
well.  The  arrangement  is  such  that.no  gun  is  required 
for  renewing  the  oil  supply.  While  this  Crane  design 
is  still  in  the  experimental  stage,  it  appears  to  have  much 
to  commend  it. 

Several  of  the  designs  show  good  examples  of  the  use 
of  ball  thrust-bearings  for  supporting  the  weight  of  the 
car;  while  the  Crane  design,  Fig.  2,  and  the  Timken 
design.  Fig.  3,  the  latter  being  used  on  Dorris  and  other 
cars,  illustrate  the  use  of  roller-type  thrust-bearings. 
Such  bearings,  if  well  protected  from  dirt  and  water, 
undoubtedly  have  much  to  commend  them,  and  should 
help  greatly  in  minimizing  friction.     Another  and  rather 


Fig.    4 — The  Steering-Knuckle  of  the  Protos  Car  in  Which  a 
Single  Large-Diameter  Ball  Serves  as  the  Thrust  Bearing 

novel  form  of  thrust  bearing  consisting  of  a  single  large 
ball  is  used  in  the  knuckle  of  the  German  Protos  car,  as 
shown  in  Fig.  4.  This  arrangement  appears  to  have  the 
advantage  of  simplicity  and  moderate  cost. 

Anti-friction  bearings,  of  both  the  ball  and  the  roller 
types,  are  frequently  used  in  the  steering-gear,  especially 
to  take  thrust  but  also  for  radial  loads.  The  Marmon 
and  Vauxhall  gears,  shown  in  Figs.  5  and  6,  furnish 
examples  in  this  connection.  Such  bearings  certainly 
help  to  minimize  friction,  but  they  have  certain  disad- 
vantages in  respect  to  higher  first-cost.  In  some  cases 
they  are  subject  to  a  hammering  action,  especially  when 
solid  tires  are  employed,  which  is  destructive  and  may 
cause  corrugating  of  the  bearing  surface,  particularly  if 
the  loads  are  heavy- 
Lubrication  of  drag-link  and  tie-rod  joints  is  usually 
a  decidedly  hit-and-miss  factor,  and  is  seldom  given  suffi- 
cient attention  when  it  depends  upon  a  hand  operation. 
An  excellent  design  is  one  in  which  the  ball  joints  are 
made  as  nearly  oil-tight  as  possible,  and  the  tube  filled 
with  oil  which  keeps  the  ball  surfaces  well  lubricated.  A 
design  of  this  character  is  said  not  to  require  attention 
oftener  than  once  in  6  months.  Other  points  that  fre- 
quently cause  excessive  friction  are  the  bearings  in  the 


Fig.    5 — The    Marmon    Steering    Gear   in    Which    Anti-Friction 
Bearings  Are  Used  in  the  Steering  Column  and  on  the  Steering- 
Lever  Shafts 

steering-column.     They  are  apt  to  be  overlooked  when 
lubrication  of  other  parts  is  given  attention. 

Failure  to  exclude  dirt  and  moisture  (4),  especially  at 
drag-link,  tie-rod  and  knuckle-joints,  naturally  results  in 
excessive  friction  and  rapid  wear.  Provision  for  ade- 
quate lubrication  at  all  times,  by  means  that  tend  to  force 
dirt  out  of  rather  than  into  bearings,  is  a  kind  of  anti- 
dote, partly  because  a  good  lubricant  properly  applied 
tends  to  prevent  rust  and  foreign  matter  from  accumulat- 
ing on  the  bearing  surfaces,  and  partly  because  the  con- 
structions that  keep  the  lubricant  in  place  frequently 
are  fully  as  effective  in  excluding  dirt.  A  ball-and-socket 
joint  properly  enclosed  has  certain  advantages  over  the 
yoke-and-pin  type  in  respect  to  the  facility  with  which 
lubricant  can  be  kept  on  the  surfaces,  as  well  as  in 
freedom  from  rattle  or  binding,  one  of  which  defects  is 
almost  certain  to  occur  with  the  conventional  yoke  and 
pin. 


Fig.  6 — Another  Example  of  the  Use  of  Anti-Friction  Bearings, 
the  Vuxhall  Steering  Gear 
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Excessive  bearing  pressures  (5)  are  very  common  in 
nearly  all  parts  of  the  steering-system.  They  are,  in 
fact,  difficult  to  avoid  within  the  limits  of  weight  and 
.size  usually  imposed.  It  is  impossible  to  consider  many 
details  of  specific  designs  here,  but  it  can  be  said  that 
pins  of  larger  diameter  with  longer  bushings  often  are 
applied  easily.  For  example,  in  the  case  of  one  light 
American  car,  the  1923  model  will  have  the  following 
changes  in  this  connection,  as  compared  with  the  1922 
model.  The  king-pin  diameter  will  be  increased  from 
.  to  %  in.;  the  bushings  in  the  axle  yoke  will  be  J4  in. 
longer;  the  tie-rod  pins  will  be  increased  from  y2  to  % 
in.  and  their  length  will  be  doubled. 

Ease  of  steering  is  affected  by  tire  inflation  (6)  condi- 
tion, character  and  width  of  tread,  and  by  the  type  of  tire 
employed.  One  authority  states  that  the  static  resistance 
to  turning  offered  by  a  tire  varies  inversely  as  the  square 
root  of  the  inflation-pressure.  Cord  tires,  because  of  the 
lower  inflation-pressures  employed,  and  the  consequent 
greater  area  of  tread  in  contact  with  the  ground,  are  said 
to  steer  harder  than  the  same  nominal  size  of  fabric  tire 
when  properly  inflated ;  but  whether  this  is  true  when  the 
vehicle  is  in  motion  is  open  to  some  question.  Pneumatic 
tires  are  said  to  render  steering  harder  than  solid  or 
cushion  tires. 

Faulty  design  (7)  often  contributes  heavily  to  hard 
steering,  as  will  be  noted  from  some  of  the  foregoing 
items.  Too  small  a  steering-gear  with  insufficient 
leverage  is  one  frequent  fault  but,  of  course,  it  is  poor 
economy  to  employ  a  large  reduction  giving  a  great 
leverage  simply  to  overcome  friction  which  is  higher  than 
necessary,  though  this  is  sometimes  done.  A  much  more 
logical  procedure  is  to  minimize  friction  and  then  apply 
a  gear  with  sufficient  reduction  to  accomplish  the  purpose 
for  which  it  is  intended  without  requiring  undue  exertion 
upon  the  part  of  the  operator. 

Incorrect  location  of  the  steering-arms  and  distortion 
of  various  parts  of  the  steering-system  either  under  the 
load  of  the  vehicle  or  under  that  imposed  by  the  steering 
operation  are  other  factors  that  frequently  contribute  to 
hard  steering.  Distortion  often  results  in  binding  which, 
in  turn,  causes  excessive  friction.  In  some  cases  the 
pressures  imposed  are  so  heavy  as  to  cause  the  oil-film 
to  be  squeezed  out  and  the  parts  to  seize  or  score.  This 
results  in  a  rough  surface  that  offers  increased  friction 
and  causes  rapid  wear. 

When  a  yoke-and-pin  construction  is  used  on  the  tie- 
rod  it  is  necessary,  to  prevent  binding,  to  make  sure 
that  the  axes  of  the  pins  are  precisely  parallel  to  the 


!  See  Automotive    Industries,  Nov.  30,   1922,  p.  106S. 


Fig. 


S — The    Columbia    Axle-End.    Another    Example    of    the 
Vertical   Knuckle-Pivot   Construction 


Fig.   7 — The  Packard  Axle   with   a   Verticai   Knuckle-Pivot 
and    Plain     Bushings 


axes  of  the  knuckle-pins  and  to  each  other.  Careless 
assembly,  or  the  load  imposed  upon  the  axle  after  assem- 
bly, often  results  in  a  lack  of  parallelism  of  the  parts  In 
question,  with  the  inevitable  result  that  excessive  friction 
occurs.  This  is  another  reason  for  favoring  the  use  of 
a  ball  and  socket  on  the  ends  of  the  tie-rod  arms. 

The  proper  finish  of  bearing  surfaces  and  a  provision 
for  adequate  clearance  at  these  surfaces  seem  to  be 
obviously  necessary,  but  they  are  frequently  overlooked. 
Another  item  sometimes  forgotten  is  that  an  inclined 
axis  of  the  steering-pivot,  other  than  one  which  gives 
true  center-point  steering,  raises  or  tilts  the  front  end 
of  the  car  when  the  wheels  are  deflected  from  the  straight- 
ahead  position.  This,  of  course,  requires  some  additional 
effort  in  steering. 

Other  factors  that  contribute  to  hard  steering  are  the 
weight  on  the  front  wheels  of  the  vehicle,  and  the  length 
of  the  moment-arm  represented  by  the  distance  between 
the  central  point  of  tire  contact  and  the  point  at  which 
the  axis  of  the  knuckle-pivot,  when  produced,  strikes  the 
road.  Other  things  being  equal,  it  is  desirable,  in  the 
interest  of  easy  steering,  to  proportion  the  vehicle  as  a 
whole  so  as  to  make  the  load  on  the  front  wheels  as  small 
as  possible.  It  is  desirable  also  to  keep  the  moment-arm 
referred  to  as  short  between  knuckle  and  wheel  parts 
as  proper  clearance  and  manufacturing  conditions  permit. 
This  again  may  seem  to  be  an  almost  self-evident  fact, 
but  it  is  one  that  sometimes  is  given  too  little  considera- 
tion. One  manufacturer  recently  showed  me  how  this 
moment-arm  easily  could  have  been  decreased  almost  1 
in.,  and  without  any  increase  in  cost,  in  the  case  of  the 
axle  he  was  purchasing  from  a  parts  maker,  if  the  de- 
signer had  given  proper  attention  to  this  factor  in  making 
the  original  layout.  Additional  factors  that  create  un- 
necessary friction  are  introduced  if  the  amount  of  fore- 
gather of  the  wheels  is  excessive  or  if  the  layout  of  the 
drag-link,  knuckle-arms  and  other  parts  of  the  steering- 
system  is  not  correct.  The  geometry  of  the  system  has 
been  treated  with  reasonable  thoroughness  in  several 
textbooks  and  in  some  engineering  papers  to  which  refer- 
ence is  made  elsewhere;  but  it  is  given  too  little  consid- 
eration, especially  in  the  case  of  some  cars  that  are 
assembled  from  units,  the  inter-relation  of  which  is  not 
given  sufficient  study. 

In  a  recent  article  by  E.  M.  Caskey,  a  steering-gear 
manufacturer,  entitled  Hard  Steering  as  a  Result  of 
Inaccurate  Manufacture  and  Assembly,3  it  is  stated  that 
it  has  proved  practically  impossible  to  build  a  car  in 
such  a  way  as  to  have  free-steering  qualities  and  still 
have  good  road-holding  qualities  at  moderately  high 
speeds.  We  have  yet  to  find  any  engineer  who  agrees 
with  this  view.  It  is  true  that,  in  some  cases,  a  free- 
steering  car  will  bring  to  light  faults  in  the  steering- 
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system  that,  in  a  harder  steering  car  of  similar  general 
design,  would  not  be  evident.  This  is  due  to  the  fact  that 
certain  inherent  faults,  especially  the  tendency  to  wheel- 
wabble,  are  not  infrequently  damped-out  by  friction 
which,  if  it  is  decreased,  tends  to  make  these  inherent 
faults  apparent;  but  it  does  not  follow  necessarily  that 
easy  steering  and  good  road-holding  qualities  are  incom- 
patible. In  fact,  there  is  good  reason  to  believe  that, 
when  the  steering-system  is  designed  properly  and  there- 
fore is  reasonably  free-acting,  the  road-holding  charac- 
teristics of  the  vehicle  will  not  be  impaired. 

Angular  Position  of  Knuckle-Pivots 

Many  characteristics  of  the  steering-system,  especially 
in  respect  to  performance,  are  dependent  upon  the  angular 
position  of  the  knuckle-pivots.  Knuckle-pivot  axes  as 
seen  in  front  elevation  usually  are  made  vertical  in  the 
case  of  American  cars  and  trucks,  and  the  same  is  true 
of  many  foreign^built  vehicles.  Examples  of  the  vertical 
pivot  are  the  Packard  axle,  Fig.  7;  the  Columbia  axle, 


Fia. 


9 — The    Steering-Knuckle    Used    on    the    Autocar    Truck 
Which  Makes  Use  of  a  Vertical  Pivot 


Fig.  8;  and  the  Autocar  truck-axle,  Fig.  9.  However, 
there  are  many  advocates  of  the  transversely  raked  pivot 
and,  in  particular,  of  a  pivot  that  has  its  axis  inclined 
so  as  to  meet  the  road  at  the  central  point  of  tire  contact. 
This  type  of  construction,  employed  by  Rolls-Royce,  Fig. 
10,  and  Metallurgique,  Fig.  11,  usually  is,  among  others, 
referred  to  as  "center-point  steering"  and  has  certain 
advantages  that  are  worthy  of  careful  consideration. 
These  advantages  include 

(1)  Road  shocks  in  the  plane  of  the  wheel  have  a  mini- 
mum moment  about  the  knuckle-axis  and,  conse- 
quently, are  transmitted  in  a  less  degree  to  other 
parts  of  the  steering  mechanism 

(2)  Wheels  have  a  minimum  tendency  to  toe-out, 
because  the  moment  of  rolling  resistance  about  the 
pivot  axis  is  at  a  minimum 

(3)  Possibly  easier  steering,  although  there  is  some 
question  as  to  whether  this  actually  is  realized  in 
practice 

In  an  article  by  A.  Ludlow  Clayden,  entitled  Wheel- 
Wabble  and  Other  Faults  in  the  Steering-System,  it  is 
contended  that  advantage  (1)  is  negligible.  This  conten- 
tion has  been  refuted  by  0.  M.  Burkhardt  in  an  article 
entitled  Steering-System  Stresses  Reduced  with  Trans- 
versely Raked  Pivots,"  and  by  other  persons.  Road  shocks 
on  the  steering  mechanism  undoubtedly  are  less  by  a  con- 
siderable amount,  but  of  course  they  are  not  eliminated. 
Some  argue  that,  with  center-point  steering,' the  front 


Fig.    10 — The    Rolls    Royce    Steering-Knuckle    in    Which    the 
Pivot  is  Inclined  to  Give  Center-Point  Steering 

end  of  the  car  is  raised  when  the  wheels  are  deflected 
from  their  straight-ahead  position,  a  contention  with 
which  I  am  unable  to  agree.  Since,  with  center-point 
steering,  the  wheel  does  not  roll  when  it  is  cramped  with 
the  car  standing,  as  it  does  with  a  vertical  pivot,  it  seems 
doubtful  whether  a  car  with  transversely  raked  pivot 
actually  steers  more  easily  than  one  with  vertical  pivots. 
With  center-point  steering  the  torsional  stresses  on  axle 
and  spring  due  to  road  shock  are  increased,  but  the  design 
easily  can  be  made  such  as  to  care  for  these.  Clayden 
contends,*  as  pointed  out  elsewhere,  that  transversely 
inclined  pivots  involve  an  increased  tendency  to  bring 
about  wheel-wabble. 

It  undoubtedly  is  more  difficult  to  manufacture  axle 
and  knuckle  parts  when  transversely  inclined  pivots  are 
employed;  so,  there  is  good  reason  to  doubt  whether,  all 
things  considered,  the  use  of  this  construction  is  worth 
while  except  perhaps  when  front-wheel  brakes  are  em- 
ployed. In  that  case  the  possible  stresses  on  the  steering- 
gear  and  linkage  are  so  great  that  inclined  pivots  are 
worth  while  if  not  actually  essential.  Examples  of  in- 
clined pivots  used  with  front-wheel  brakes  are  shown  in 
Figs.  11,  12  and  13,  all  of  which  are  approximately  or 


'See  Automotivt    Industries,  Oct.   5.   1922,  p.   667. 
•See  Automotive  Industries,  Dec.  14,   1922,  p.  117S. 


Fig.    11 — A   Good   Example   of   the   Knuckle-Pivot   Layout   Em- 
ployed With   Front-Wheel  Brakes.  That   Used  on  the  Metal- 
lurgique Car 
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exactly  center-point  arrangements.  To  put  the  matter  in 
a  somewhat  different  way,  it  can  be  said  that  it  is 
desirable  to  reduce  the  moment  of  forces  in  the  plane  of 
the  wheel  about  the  knuckle^pivot,  but  that  a  construction 
which  does  not  involve  transversely  raked  pivots  but 
which  still  reduces  the  moment  in  question  a  sufficient 
amount  to  be  wholly  satisfactory  in  practice  is  possible. 
Tilting  the  wheel  spindle  toward  the  ground  helps  reduce 
the  moment,  but  excessive  wheel-rake  is  not  good,  either 
from  the  standpoint  of  appearance  or  in  respect  to  its 
adverse  effect  on  tire  wear.  Angles  of  1  to  3  deg.  are 
nearly  always  employed  and  greater  angles  are  used  in 
some  cases. 

Knuckle-Pivot  Location 

It  seems  to  be  self-evident  that  it  is  desirable  to  bring 
the  knuckle-pivot  as  close  to  the  central  plane  of  the 
wheel  as  is  feasible  without  involving  unnecessary  ex- 
pense, yet  surprisingly  little  attention  is  given  this  point 
in  some  instances.  In  one  case,  that  of  a  well-known  and 
much-used  American  axle,  it  was  found  possible  to  bring 
the  pivot  closer  to  the  wheel  a  full  %  in.  by  simply  using 
countersunk  hub-bolts  and  slightly  altering  the  machine 
work  on  the  wheel  spindle.  Incidentally,  this  simple 
change  greatly  improved  the  steering  of  the  car. 

Engineers  who  have  given  the  matter  of  knuckle-pin 
location  careful  study  seem  to  be  agreed  that  an  ideal 
position  for  the  knuckle-pivot  is  in  the  central  plane  of 
the  wheel.  There  are  certain  problems  involved  in  so 
placing  it,  but  they  do  not  appear  insuperable,  especially 
for  higher-priced  cars  and  trucks.  This  arrangement  is, 
in  fact,  used  to  a. limited  extent,  and  one  of  its  advocates 
contends  that  the  cost  actually  is  less  than  when  conven- 
tional practice  is  followed.  However  this  may  be,  a 
design  embodying  this  principle  is  worthy  of  careful  con- 
sideration and  easily  can  result  in  better  steering  quali- 
ties. The  primary  advantages  of  a  construction  such 
that  the  axis  of  the  knuckle-pivot  lies  in  the  central  plane 
of  the  wheel  are  that  center-point  steering  is  attained 
without  a  tilted  pivot  and  all  tendency  toward  wheel- 
wabble,  except  that  caused  by  lack  of  balance  of  the  wheel, 
is  eliminated.  The  chief  disadvantage  of  this  construc- 
tion, or  at  least  that  of  one  form  which  has  been  em- 
ployed, is  that  unnecessarily  large  wheel  bearings  are 
required.  This  disadvantage  does  not  apply,  however, 
to  all  arrangements  that  embody  the  principle,  as  will  be 
seen  by  reference  to  the  drawing  at  the  left  of  Fig.  14, 
which  shows  the  construction  employed  for  some  time  on 
Marmon  cars  but  not  used  on  later  models.  It  will  be 
noted  that  the  bearings  are  no'  larger  than  normal,  but 
that  the  wheel  spindle  is  reversed  and  carried  in  the 
forked  end  of  the  front  axle,  the  jaws  of  which  must  be 
somewhat  deeper  than  those  ordinarily  employed. 

Two  other  designs  embodying  the  same  principle  but 
employing  bearings  that  appear  to  be  larger  than  those 
normally  used  are  shown  in  the  central  and  right-hand 
views  of  Fig.  14.  These  designs,  due  to  W.  J.  P.  Moore, 
embody  certain  advantageous  features,  among  which  may 
be  mentioned  the  fact  that  the  pivot  is  enclosed  completely 
in  such  a  way  that  it  is  well  protected  from  the  entrance 
of  dirt  or  moisture  and  should  be  easy  to  lubricate.  Also, 
the  increased  size  of  bearing  appears  to  be  offset  to  some 
extent  by  a  simpler  axle-end  than  commonly  is  employed. 

Foregather  or  Toe-In  of  Wheels 

When  the  design  is  such  that  the  normal  rolling-resis- 
tance of  the  wheels  tends  to  produce  moments  about  the 


'  See  Automotive  Industries,  Oct.  ',,  l!i22.  p.  667. 
:  See  Automobile  Engineer,  July  9,  1914,  p.  223. 


knuckle-pivots,  or  when  the  wheels  have  undergather,  one 
or  both  of  which  constructions  are,  I  believe,  universally 
employed,  the  wheels  have  a  tendency  to  spread  or  toe- 
out.  In  fact,  if  set  absolutely  straight  ahead  with  the 
vehicle  stationary,  they  will  toe-out  more  or  less,  depend- 
ing upon  the  amount  of  play  and  spring  in  the  parts 
stressed,  and  rapid  tire-wear  will  result.  To  counteract 
this  tendency,  the  front  wheels  are  always  set  with  a 
foregather  of  3/16  to  %  in.  Just  how  much  of  this  fore- 
gather is  eliminated  due  to  the  stresses  of  normal  service 
I  do  not  know.  I  have  never  seen  data  in  this  regard, 
but  believe  that,  in  most  cases,  the  wheels  are  still  fore- 
gathered to  some  extent,  even  at  times  when  considerable 
resistance  to  rolling  is  present.  Just  why  this  should  be 
desirable  is  not  entirely  clear,  but  it  is  supposed  to  add  to 
tire  life  to  create  this  condition.  It  can  be  said,  how- 
ever, that  a  tilted  wheel  tends  to  roll  in  a  circular  path 
instead  of  in  a  straight  line,  and  that  foregather  of  the 
wheels  counteracts  this  tendency.  There  is  certainly  one 
position  of  the  wheels  at  which  resistance  to'  forward 
motion  is  at  a  minimum.  Any  deviation  from  this  posi- 
tion, either  inward  or  outward,  increases  this  resistance; 
so,  too  much  foregather  is  as  bad  as  having  the  wheels 
toe-out.  So  far  as  I  am  aware,  there  is  no  definite  rule 
establishing  the  precise  amount  of  foregather  which  is 
desirable. 

Castering  or  Trailing  Effect 

When  the  knuckle-pivot  axis  is  truly  vertical,  the  vehicle 
has  little  if  any  sense  of  direction ;  that  is,  it  ac  nly 
in  response  to  steering  forces  imposed  by  the  operator, 
who  must  usually  keep  feeling  the  steering-wheel  to  hold 
the  vehicle  to  its  course.  If,  on  the  other  hand,  the  axis 
of  the  pivot  be  tilted  either  transversely  or  with  its  upper 
end  to  the  rear,  the  vehicle  has  a  certain  sense  of  direc- 
tion or  self-righting  tendency;  that  is,  a  tendency  to 
straighten  out  when  deflected  from  a  straight  course, 
except  perhaps  under  certain  extreme  conditions.  This 
is  due  to  the  fact  that  the  weight  supported  on  the  pivot 
tends  under  the  influence  of  gravity  to  fall  to  the  lowest 
point  that  the  mechanism  permits,  or  to  trail  behind  the 
central  point  of  tire  and  road  contact.  This  is  usually 
termed  castering  action.  There  is  still  a  castering  action 
if  the  pivot  be  tilted  forward,  but  the  vertical  force  due 
to  the  weight  of  the  car  no  longer  trails  behind  the  ver- 
tical force  due  to  the  pressure  of  the  road  against  the  tire. 
This  anti-trailer  effect  creates  a  tendency  for  the  wheel 
to  reverse  when  the  vehicle  is  in  forward  motion  and  pull 
the  steering-wheel  from  the  hand  of  the  operator;  it  js 
precisely  the  same  effect  as  is  created  by  rearward  motion 
of  the  vehicle  when  the  pivot  is  tilted  backward  as  in 
common  practice,  although  Clayden"  takes  an  opposite 
view. 

Napier  points  out,7  in  his  article  entitled  Castering 
Action,  that  there  are  other  forces  besides  gravity  that 
contribute  to  the  castering  effect  when  the  car  is  in 
motion  and  the  wheels  are  deflected  from  a  straight 
course.  These  are  centrifugal  or  inertia  forces  that 
depend  upon  the  velocity  of  the  vehicle  and  the  radius  of 
the  curve  it  is  describing.  In  respect  to  castering, 
Napier  says  further: 

It  will  inevitably  be  found  that  the  greater  the  caster 
effect,  the  more  pronounced  will  be  the  influence  of  each 
rut  and  bump  in  deflecting  the  car  from  a  straight 
line;  and  a  driver  relying  on  caster  effect  would  be  ill- 
advised  to  expect  his  car  without  personal  intervention 
to  avoid  the  ditches,  even  on  the  straightest  and  widest 
of  rough  roads.  It  is  true  that,  if  a  bump  deflects  the 
steering  wheels  and  the  car  from  one  smooth  portion 
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Fig.    12 — Another   Example   of  the  Use   of   the   Inclined   Pivot 

with     the    Front-Wheel     Brake    Is    the    Steering-Mechanism 

of  the  Delage  Car 

of  the  road  to  the  next,  castering  action  will  give  the 
car  a  tendency  to  follow  a  straight  course;  but  it  will 
■  t  be  the  original  straight  course.  .  .  .  The  tendency 
■  ti  castering  action  is  not  to  preserve  a  straight  course, 
but  to  restore  the  parallelism  of  the  steering  and  driv- 
ing wheels  after  the  parallelism  has  been  disturbed  by 
whatever  cause.  It  is,  in  fact,  obvious  that,  since  caster- 
ing action  must  take  place  indifferently  on  either  sidie 
of  the  center-line  of  the  car,  there  can  be  no  castering 
action  while  the  car  is  proceeding  in  the  direction  of 
that  center-line".  To  my  mind,  th£  ideal  form  of  steer- 
ing-gear for  a  car  intended  principally  for  use  on  rough 
roads  is  the  original  Renouf  type,  the  steering-pivots 
being  vertical  and  in  the  planes  of  the  wheels.  This 
type  has  no  castering  tendency  at  any  steering  angle. 
On  a  smooth  and  level  road,  castering  action  may  be 
relied  on. 

While,  on  the  level,  by  means  of  a  judicious  arrange- 
ment of  steering  details,  combined  with  a  skilful 
manipulation  of  speed  in  relation  to  curvature,  a  car 
may  become  self-steering  so  far  as  leaving  a  curve  is 
concerned,  it  cannot  automatically  enter  a  curve  from 
the  straight. 
The  castering  angle,  or  the  fore-and-aft  angle  that  the 


axis  of  the  knuckle-pivot  makes  with  the  vertical,  is 
usually  from  1  to  3  deg.,  but  angles  as  high  as  6  deg.  are 
employed.  One  experimenter,  A.  W.  Werner,  in  a  brief 
article  entitled  Steering-System  Faults  Explained,8  states 
that  angles  of  4  deg.  or  more  have  resulted  in  violent 
wheel-wabble.  He  recommends  making  the  caster  angle 
equal  to  the  angle  of  tilt  of  the  wheel  spindle,  and  states 
that  1:!4  deg.  is  about  the  right  value  for  both. 

The  castering  angle  is  usually  set  by  placing  wedges 
between  the  spring  and  the  spring-seat.  It  should  be 
remembered  that  the  castering  angle  sometimes  varies 


5  This  means,  apparently,  no  castering  effect  other  than  that  due 
to  gravity. 

11  See  Automotive  Industries,  Dec.  7,  1922,  p.  1139. 


Fig.    13  —  An    Approximately    Center  -  Point   Arrangement    Em- 
ployed   with   Front-Wheel   Brakes   in   the   Excelsior   Steering- 
Knuckle 

with  the  deflection  of  either  or  both  front  and  rear 
springs.  The  condition  of  average  load  should  therefore 
be  borne  in  mind  in  selecting  the  angle  at  which  the  pivot 
is   set.      One   writer,    in   an   article   on    Quarter-Elliptic 


Fig.   14—  Examples  of  Steering-Knuckle  with  the    Axis  in  the  Central  Plane  of  the  Steering-Wheel 
The  Design  at  the  Left  Was  Formerly  Used  on  the  Marmon  Car,  While  the  Other  Two  Were  Suggested  by  J.  P.  Moore 


Vol.    XII 


April,   192:j 


No.   4 


38-i 


THE  JOURNAL  Or  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Fig.    15  —  The    Drag  -  Link    Arrangement    Incorporated    in    the 
-Mack  Truck  Chassis 

Springs,10  states  that  with  quarter-elliptic  springs  the 
pivots  tend  to  tilt  forward  in  rounding  a  curve,  thus 
giving  an  anti-castering  effect.  Items  of  this  kind  some- 
times have  a  marked  effect  upon  the  steering  of  the 
vehicle,  and  therefore  should  be  given  close  study  in 
laying-down  the  design. 

Wheel-Wabble 

Among  the  common  faults  of  the  steering-system,  and 
one  whose  causes  are  least  understood,  is  that  of  wheel- 
wabble.  This  means  the  periodic  oscillation  in  angular 
position  of  the  wheel  and  axle  spindle  about  the  knuckle- 
pivot  which  results  in  the  wheel  following  a  course  that 
deviates  alternately  to  the  right  and  the  left  of  a  straight 
line.  When  this  phenomenon  occurs,  as  it  often  does,  in 
step  with  the  natural  period  of  the  springs  and  front 
end  of  the  chassis,  the  latter  is  given  a  violent  transverse 
motion  or  shake  popularly  termed  "shimmying." 

If  the  front  wheels  of  a  vehicle  be  in  equilibrium  with 
respect  to  the  knuckle-pivot  in  all  angular  positions  of 
their  spindles  when  the  vehicle  is  in  motion,  wabble  will 
seldom  occur  provided  the  layout  of  the  drag-link  and 
the  spring  is  correct.  But  when  the  knuckle-pivots  are 
inclined  in  either  a  transverse  or  a  longitudinal  plane,  the 
wheels  are  in  equilibrium  in  only  one  position  and,  if 
deflected  from  that  position,  they  tend  to  swing  back  to 
and  past  it,  oscillating  in  pendulum  fashion  unless  the 
motion  is  damped-out  by  friction.  Consequently,  any 
chassis  in  which  the  knuckle-pivot  is  tilted  has  at  least 
an  incipient  tendency  to  wheel-wabble. 

Another  primary  cause  of  wheel-wabble  is  faulty  layout 
of  the  drag-link  in  reference  to  the  spring.  If  the  drag- 
link  is  of  rigid  construction,  or  substantially  so,  and  if 
the  steering-gear  arm  is  held  rigidly,  the  end  of  the  link 
attached  to  the  knuckle-arm  will  swing  through  an  arc 
when  the  front  springs  are  deflected  from  their  normal 
position.  The  axle-center  is  constrained,  under  the  same 
condition,  to  move  in  a  path  that  approximates  an  arc 
having  as  its  center  the  eye  in  the  unshackled  end  of  the 
spring.  These  arcs  seldom  coincide  exactly;  consequently, 
the  ball  on  the  knuckle-arm  is  given  some  motion  in 
respect  to  the  axle  center  and,  since  it  is  constrained  to 
move  about  the  knuckle-axis,  it  causes  the  knuckle,  the 
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Fig.   16 — The  Dort  Passenger  Car  Uses  This  Layout  of 
Drag-Links 


wheel  spindle  and  the  wheel  to  oscillate  through  a  small 
arc,  and  the  wheel  wabbles.  This  is  seemingly  a  self- 
evident  fact,  yet  it  is  frequently  overlooked  or  else  the 
compromise  chosen  leaves  much  to  be  desired ;  for  severe 
wheel-wabble  is  often  caused  by  failure  to  consider  this 
detail  adequately.  Cases  have  been  known  in  which 
trucks  have  even  suffered  from  broken  frames  or  con- 
tinually loosening  engines  and  other  parts  due  to  a  faultv 
layout  in  this  regard. 

Wheels  or  tires  that  are  out-of-true  or  out-of-balance 
will  also  cause  wobble.  The  three  primary  causes  of 
wabble  thus  appear  to  be 

(1)  Unstable  equilibrium  of  wheels  carried  on  knuckles 
with  inclined  pivots 

(2)  Faulty  layout  of  drag-links  in  reference  to  springs 

(3)  Lack  of  balance  or  failure  of  a  wheel  to  run  true 

In  addition,  a  considei'able  number  of  factors  add  to 
or  help  set-up  wheel-wabble  or  render  it  more  severe 
when  once  it  is  started.  I  shall  not  attempt  to  deal  with 
all  of  these  in  detail,  but  will  mention  some  that  have 
been  brought  to  my  notice. 

Friction  tends  to  damp-out  wabble,  just  as  it  does  any 
other  mechanical  oscillation.  Conversely,  when  it  occurs, 
wabble  is  certain  to  be  more  pi'onounced  when  friction  is 
at  a  minimum.  This  is  why  vehicles  with  loose  or  very 
free  steering-connections  are  more  apt  to  be  addicted  to 
wabble  than  those  with  joints  set-up  tight.  Thus,  wabble 
often  can  be  stopped  by  tightening  all  steering  con- 
nections, although  it  is  a  rough  sort  of  remedy  which,  if 
not  used  with  discretion,  can  result  in  excessive  friction 
and  rapid  wear  of  parts. 

The  greater  friction  caused  by  under-inflated  tires  or 
increased  weight  on  the  wheels  can  easily  damp-out 
wabble,  and  such  items  as  anti-friction  bearings  on 
knuckle-pivots,  better  lubrication,  loose-treaded  tires  and 
the  like  sometimes  make  wabble  worse.  This  should  not, 
however,  be  used  as  an  argument  against  minimized  fric- 
tion in  the  steering-system,  for  it  certainly  is  possible  to 
have  free  steering  without  wabble  if  the  system  be  well 
laid  out  and  well  constructed. 

It  is  conceivable  that  wabble  so  slight  as  to  be  imper- 
ceptible to  the  operator  can  occur,  especially  if  the  steer- 
ing-gear approximates  the  so-called  irreversible  type.  It 
is  clear  also  that  any  slackness  or  insufficient  stiffness  in 
any  part  of  the  steering-system  or  its  supports,  springs 
and  spring  parts  included,  which  permits  the  wabble  to 
take  place  through  a  greater  amplitude  than  it  otherwise 
would  do,  is  apt  to  make  the  wabble  more  violent.  Thus, 
a  weak  axle,  frame  or  steering-gear  housing,  or  insecure 
fastening  of  these  members,  will  sometimes  permit 
wabble  that  otherwise  would  not  become  evident.  Much 
the  same  can  be  said  of  drag-links,  tie-rods,  tie-rod  and 
knuckle-arms  and  steering-gear  parts  that  are  not  stiff. 
Similarly,  front  springs  that  are  weak  or  loosely  fastened 
can  help  to  amplify  wabble;  and  weak  springs  in  the 
drag-link  will  do  likewise,  as  will  also  a  whipping  action 
of  either  drag-link  or  tie-rod.  From  the  foregoing  it  will, 
I  believe,  be  easy  to  see  how  wheel-wabble  occurs. 

It  is  not  so  easy  to  explain  why  violent  shaking  of  the 
whole  front  end  of  the  vehicle,  which  involves  very  heavy 
forces,  sometimes  results.  To  help  clear  up  this  point, 
let  us  consider  the  following.  Suppose  the  wheel  is 
wabbling,  due  to  any  of  the  causes  enumerated,  and  is 
about  to  complete  one  deviation,  say  to  the  right.  Suppose 
also  that  each  time  it  reaches  this  position  it  strikes  a 
road  inequality  that  tends  to  accelerate  its  angular  motion 
in  the  same  direction;  that  is,  an  impulse  in  step  with  its 
natural  period.  It  will  swing  still  farthei  to  the  right, 
fetch-up  short  and  be  snapped  back  to  the  left,  perhaps 
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again  receiving  a  blow  from  the  road  which  accelerates  it 
in  that  direction.  Again  it  fetches-up  and  is  again 
snapped  back,  building  up  a  cumulative  effect  that  can 
even  become  so  violent  as  to  put  the  car  out  of  control. 
It  is  possible  also  that  a  physiological  reaction  from  the 
arms  of  the  driver  can  act  as  the  force  which  accentuates 
wobble  under  some  conditions.  In  any  case,  it  happens 
sometimes  that  a  car  which  is  shimmying  badly  will  cease 
to  do  so  immediately  if  the  driver  releases  his  grip  upon 
the  steering-wheel.  The  freer  the  swing  is  and  the 
greater  the  play  in  the  linkage,  the  less  damping-out  there 
is  and  the  more  violent  the  shocks  imposed  in  fetching-up 
in  extreme  positions  will  be.  The  front  end  of  the  frame, 
the  engine,  radiator  and  the  like  of  course  tend  to  follow 
the  right-and-left  oscillation  of  the  wheels  and,  if  the 
period  is  in  tune  with  the  natural  period  of  the  mass  in- 
volved, the  shake  becomes  exceedingly  violent. 

There  are  doubtless  some  gyroscopic  forces  involved 
in  this  wabble  phenomenon.  In  this  connection  one  com- 
mentator states  that  up-and-down  motion  of  the  spindle 
tends  to  induce  a  wabble  of  the  wheel  about  an  axis  at 
right  angles  to  the  spindle.  Another  points  out  that  a 
revolving  wheel  tends  to  resist  deflection  from  its  plane 


\ 

Fig 


-This  Arrangement  of  Drag-Links  Forms  a  Part  of 
the  Dorris  Passenger-Car  Chassis 


of  rotation ;  but  that,  once  such  deflection  is  started,  only 
a  small  force  will  keep  it  oscillating.  The  amplitude  of 
wheel-wabble  that  is  caused  by  the  lack  of  a  perfect  tie- 
rod  and  spring  layout  depends  in  part,  at  least,  upon  the 
length  of  the  lever-arms  involved.  It  is  desirable  to  have 
the  knuckle-arm  connected  to  the  drag-link  as  long  as 
possible  and  still  clear  the  spring,  provided,  of  course, 
that  it  is  made  sufficiently  stiff;  for,  the  longer  this  arm 
is,  the  less  will  a  given  motion  of  its  ball-end  affect  the 
course  of  the  wheel.  A  long  drag-link  also  has  the  advan- 
tage of  swinging  in  an  arc  of  less  curvature  than  that  of 
a  short  link. 

Drag-link  Location 

It  is  customary  for  steering-gear  makers  to  advise 
their  customers  to  locate  the  gear  so  that  the  ball  on  the 
gear-arm,  that  on  the  knuckle-arm  and  the  pin  on  the 
unshackled  end  of  the  spring  are  in  the  same  plane,  or  in 
line  as  viewed  in  side  elevation,  when  the  vehicle  is  under 
normal  load.  This  brings  the  drag-link  approximately 
in  line  with  the  main  leaf  of  the  spring.  Others  contend 
that  a  somewhat  different  layout  is  better.  It  is  agreed, 
however,  that  the  best  layout  is  that  which  causes  the 
least  motion  of  the  wheel  spindle  about  the  knuckle-pivot 
when  the  axle  is  moved  under  the  influence  of  spring 
action.  At  best,  the  layout  is  a  compromise  which  re- 
quires careful  study  if  ill  effects  are  to  be  minimized.  A 
number  of  layouts  employed  on  modern  passenger-car  and 
truck  chassis  are  shown  in  Figs.  15  to  19. 

There  are  some  advocates  of  a  transverse  as  opposed  to 
a  fore-and-aft  arrangement  of  the  drag-link.  One  of 
these  contends  that  it  avoids  the  use  of  a  crooked  drag- 
link  and,  in  most  cases,  gives  a  better  layout,  especially 
when  maximum  wheel-cramp  angles  are  considered.  An- 
other engineer  takes  the  view  that  a  cross-type  drag-link 
is  not  satisfactory  with  the  usual  spring-suspension,  a 


Fig. 


-The   Drag-Link    Layout   Incorporated   in   the   Chassis 
of  the  Jordan  Passenger  Car 


contention  that  he  says  is  readily  borne  out  by  studying 
the  layout  on  the  drafting  board.  This  may  well  be  true 
in  some  instances,  but  it  is  evident  that  each  case  must 
be  considered  on  its  merits  and  the  best  compromises 
selected. 

On  some  short-wheelbase  passenger-cars  and  on  trucks 
in  which  the  driver's  seat  is  well  forward,  a  transverse 
drag-link  arrangement  is  often  satisfactory.  The  frame 
must,  however,  be  designed  to  withstand  the  twisting 
stresses  that  such  a  layout  will  sometimes  impose. 

Irreversibility 

There  is  much  loose  talk  concerning  the  so-called  irre- 
versible steering-gear  but,  so  far  as  I  am  aware,  there  is 
no  such  thing  used  as  a  completely  irreversible  steering- 
gear,  nor  does  it  seem  desirable  to  employ  such  a  con- 
struction, even  though  it  should  prove  feasible  to  produce 
it.  Perhaps  the  closest  approach  to  an  irreversible  gear 
are  the  worm-and-wormwheel,  or  the  worm-and-segment 
types.  With  these  types  the  steering-wheel  can  be  moved 
by  applying  a  steady  side-pressure  on  the  road  wheels, 
proving  that  gears  of  this  type  are  not  irreversible ;  but  a 
sudden  shock  tending  to  deflect  the  road  wheels  from  a 
given  position  has  a  tendency  to  cause  such  a  gear  to 
become  momentarily  irreversible  or  self-locking.  This 
probably  is  due  to  the  fact  that  the  lubricant  is  momen- 
tarily forced  from  between  the  relatively  small  contact 
surfaces  of  worm  and  wheel,  or  segment,  thus  increasing 
friction  and  preventing  the  turning  that  would  occur 
otherwise.  On  this  account  gears  of  these  types  are 
practically  irreversible  under  shock,  which  is  precisely 
the  condition  under  which  irreversibility  is  held  by  some 
to  be  desirable. 

So  far  as  I  am  aware,  all  other  types  of  gears  are  re- 
versible more  readily  than  the  worm-and-wheel  and  the 
worm-and-segment  types  and  are  therefore,  for  the  same 
reduction-ratio  and  steering-system  layout,  more  apt  to 
permit  any  shock  tending  to  deflect  the  road  wheels  to  be 
transmitted  to  the  steering-wheel.  So,  engineers  take  the 
view  that  it  is  not  desirable  to  have  the  steering-gear 
approach  closely  the  self-locking  condition  because,  when 
so  made,  the  linkage  and  bearings  between  the  steering- 
gear  and  the  wheels  are  stressed  more  heavily  when 
shocks  are  imposed. 

When  the  gear  is  free  enough  to  transmit  the  motion 
caused  by  the  shock  to  the  steering-wheel,  some  of  the 


Fig.  19 — The  Buses  in  the  Service  of  the  Fifth  Aventje  Coach 
Co.  Use  This  Arrangement  of  Drag-Links 
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Fig.  20 — The  Gemmer  Worm-and-Wheel  Type  of  Steering-Gear 

energy  of  the  shock  is  dissipated  in  the  mechanism  of 
the  gear,  thus  bringing  about  a  certain  cushioning  action 
which  is  advantageous.  If,  however,  the  motion  on  the 
steering-wheel  becomes  excessive,  it  is  much  less  com- 
fortably handled  by  the  operator.  Those  who  favor  the 
comparatively  easily  reversed  type  of  gear  are  apt  to 
favor  also  a  center-point  steering-arrangement  which,  as 
pointed  out  elsewhere,  tends  to  eliminate  shocks  in  the 
plane  of  the  wheel,  the  kind  of  shock  most  frequently 
encountered.  All  things  considered,  it  is  probable  that 
a  certain  degree  of  reversibility  is  a  desirable  thing,  but 
clearly  it  is  not  desirable  to  employ  gears  that  are  so 
easily  reversible  as  are  those  used  in  some  present-day 
cars. 

Comparison  of  Steering-Gear  Types 

The  following  types  of  steering-gear  are  in  more  or  less 
general  use  today: 

(1)  Worm-and-wheel  and  worm-and-segment 

(2)  Screw-and-nut,  including  differential-nut  types 

(3)  Bevel-gear 

(4)  Planetary-gear 

(5)  Spur-gear-and-rack 

(6)  Cam 

It  is  impossible  to  consider  here  all  of  the  advantages 
and  disadvantages  of  the  various  types,  especially  since 


it  is  not  always  easy  to  differentiate  between  advantages 
inherent  in  a  type  and  those  that  are  dependent  chiefly 
upon  a  particular  embodiment  of  it.  When  well  propor- 
tioned and  well  lubricated,  the  worm-and-wheel  type  has 
excellent  wearing  qualities,  even  though  the  bearing  area 
between  the  worm  and  the  wheel  is  rather  small.  If,  how- 
ever, lubrication  fails,  considerable  friction  and  rapid 
wear  are  apt  to  result.  A  disadvantage  of  this  type  is 
that  it  is  practically  impossible  to  take  up  any  lost-motion 
caused  by  wear  although,  when  the  full  wheel  instead 
of  a  sector  is  employed,  the  wheel  can  be  moved  success- 
ively to  four  different  positions  90  deg.  apart,  thus  com- 
pensating for  wear  in  the  wheel  but  not  for  wear  in  the 
worm.  It  can  be  said,  however,  that  well  proportioned 
and  well  made  gears  of  this  type  wear  almost  indefinitely, 
provided   they  are  kept  well   lubricated;   so,  the   disad- 


Fig.    21 — The  Ross 


Screw   and    Nut   Type   of 
Used  by  the  Autocar  Co. 


Steering-Gear 
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Fig.  22 — The  Packard  Differential  or  Screw  and  Split-Nut    Type    of    Steering-Gear 
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vantage  cited  can  be  made  relatively  unimportant.  Ex- 
amples of  the  worm-and-wheel  type  of  gear  are  shown 
in  Figs,  5,  6  and  20. 

One  of  the  most  widely  used  types  of  steering-gear  is 
the  screw-and-nut  type,  which  is  generally  regarded  as 
being  very  satisfactory  when  well  made.  A  good  example 
of  this  type  is  the  Ross  gear,  in  the  form  used  by  Autocar, 
shown  in  Fig.  21.  The  chief  advantage  of  this  type  is 
good  wearing  quality  due  to  the  large  bearing  surface 
between  the  screw  and  the  nut,  and  its  chief  disad- 
vantages are  its  lack  of  adjustability  and  rather  high  cost 
of  manufacture  when  the  nut  is  well  fitted  to  the  worm. 
It  can  be  said,  however,  that  adjustment  is  seldom  re- 
quired provided,  again,  that  lubrication  is  cared  for 
properly.  Alternative  constructions  of  the  same  general 
type  are  used  to  overcome  the  disadvantage  of  non- 
adjustability  just  cited.  In  one  of  these  the  nut  is  made 
in  two  halves,  one  having  a  right  and  the  other  a  left- 
hand  thread,  so  that  they  move  in  opposite  directions. 
This  differential  movement  is  transmitted  to  the  steering- 
lever  shaft  by  a  mechanism  that  can  be  adjusted  easily  to 
take-up  all  lost  motion.  An  example  of  this  type  of  con- 
struction is  the  Packard  gear  shown  in  Fig.  22.  In  an- 
other make,  the  right-and-left  threads  are  cut  on  the 
inner  and  outer  surfaces  of  a  sleeve,  and  the  nuts  or  outer 
and  inner  mating  parts  are  arranged  to  transmit  their 
motion  to  a  shaft  on  which  the  steering-arm  is  carried 


Fig.     23 — The     Ditweiler     Cam-Type     Steering-Gear 


TABLE  1— 

-DETAILS  OF  DIFFERENT  TYPES  OF  STEERING-GEAR 

NAME  OF  CHASSIS 

PASSENGER  CARS 

TRUCKS 

BUS 

Steering-Gear  Details 

Crane, 
Exper- 
imental 

Dort, 

Model 

25 

Durant. 
Four 

Frank- 
lin 

Jordan 

Marmon 

Model 

34 

Oakland, 
6-44 

Packard, 
Single- 
Six 

Rolls- 
Royce 
40-50 

Autocar 

Mack, 
5-Ton 

Service, 
52 

Fifth 

Avenue 

Coach 

Co. 

Approximate     Weight     on 

2,700 

1,300 

1,320 

1,450 

1,550 

500 

1,550 

2,000 

3,500 

4,500 

5,500 

6,280 

3,525 

6,590 

Transverse  Rake  of  Knuckle, 

0 

1 

0 

0 

0 

0 

0 

5 

0 

0 

0 

2 

14 

0 

Lateral  Rake  of  Knuckle,  deg. 

lto2 

Htol 

3  to  5 

6 

44 

4 

6 

3 

1 

2 

2 

2 

24" 

4 

0 

Type  of  Knuckle-Pivot  Bear- 

Roller 
and 
Plain 

Phos- 
phor 
Bronze 

Bronze 

Steel 

Plain 

Plain 
and 
Ball 

Bronze 

Plain 

Plain 

Roller 
and 
Plain 

Roller 
and 
Plain 

Roller 
and 
Plain 

Plain 

Roller 
and 
Plain 

Bronze 

Inside  Diameter  of  Knuckle- 

% 

u 

H 

% 

VA 

1 

4 

1 

VA 

1 

m 

m 

VA 

M 

Toe-In  of  Wheels,  in 

Hto% 

% 

4  to  A 

'A 

'AtoH 

ft 

fttoH 

4 

'A 

4 

H 

% 

N 

Vato'A 

0 

Worm 

and 

Wheel 

Screw 
and 
Nut 

Worm 

and 

Wheel 

Worm 

and 

Wheel 

6tol 

Worm 

and 

Wheel 

Screw 
and 
Nut 

Screw 
and 
Nut 

Worm 
and 
Wheel 

Screw 
and 

Nut 

Screw 
and 
Nut 

Screw 
and 
Nut 

Screw 
and 

Nut 

Worm 
and 
Wheel 

Screw 
and 

Nut 

Screw 
and 
Nut 

Reduction  in  Steering-Gear. . 

29  to  3 

7. 50  to  1 

7. 50  to  1 

7.50  to  1 

9  50  to  1 

7.80  to  1 

9.45  to  1 

9tol 

8 

12 

15 

12  to  1 

12  to  1 

lOtol 

Outside  Diameter  of  Steer- 

IS 

w 

16 

18 

17 

18 

17 

17 

17 

18 

18 

20 

20 

20 

18 

Number    of    Wheel  -  Turns 
from   Locked   to  Locked 

li,(U) 

VA 

m 

14 

24 

1« 

m 

lHo 

m 

1M 

2 

24 

Wi 

VA 

VA 

Length    of    Steering  -  Arm, 
Center  to  Center,  in 

mi 

8H 

5 

W% 

8 

8ft 

m 

'  8 

9 

6Ji 

8 

9 

9 

VA 

9 

Maximum   Angular   Motion 
of  Knuckle- Arm,  deg 

45(o) 

71 

83 

78 

6OJ.2 

674 

80 

654 

65 

674 

70 

73 

61 

38 

59 

Length  of  Drag- Link,  Center 
to  Center  of  Balls,  in 

40 

32 

304 

234 

23{J 

33ft 

154 

29 

46 

35% 

mi 

31 

16 

214 

45 

Distance  from  Spring-Horn 
Pivot  to  Center  of  Ball  on 
Knuckle- Arm,  in 

20 

18' 2 

W 

1834 

16 

17 

154 

194 

22 

to 

to 

to 

22J8 

194' 

23A 

Approximate  Maximum  Mo- 
tion of  Front  Spring,  in. . . 

6  to  7(M 

14 

4  to  5 

6 

4 

&A 

4 

6' 

6 

4 

44 

m 

2ft 

2 

Maximum  Angular  Motion 

70 

84 

90 

924 

71 

75 

654 

52 

60 

60 

60 

65 

37 

54 

Length  of  Steering- Knuckle 
Ann,  in 

8 

65  s 

5'  8 

74 

64 

8ft 

8 

8 

m 

8 

.64 

8ft 

(a)  Approximate     (b)  No  load  to  bottom,    (c)  Transverse  drag-link. 
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by  the  use  of  a  mechanism  much  the  same  as  that  shown 
in  Fig.  22. 

Types  (3),  (4)  and  (5)  are  used  by  only  a  few  manu- 
facturers, chiefly  on  light  cars  where  a  large  reduction  is 
not  required  and  where  easy  reversibility  is  not  con- 
sidered of  much  importance,  or  is  outweighed  by  a  rela- 
tively low  cost  of  production.  The  latter  is  about  the  only 
advantage  of  these  types,  unless  their  ability  to  operate 
after  a  fashion  without,  or  with  indifferent,  lubrication 
is  regarded  as  an  advantage.  It  is  worthy  of  note,  how- 
ever, that  some  recent  designs  of  American  passenger 
cars  intended  for  large  production  at  a  low  price  are 
equipped  with  the  worm-and-wheel  type  of  gear,  so  that 
any  advantage  that  types  (3),  (4)  and  (5)  may  have  in 
respect  to  low  production-cost  appears  to  be  outweighed 
by  their  inherent  disadvantages. 

The  only  example  of  the  cam  type  with  which  I  am 
familiar  is  produced  under  Maries  patents.  The  Dit- 
weiler  gear  illustrated  in  Fig.  23  is  of  this  type.  It  has 
yet  to  see  any  very  wide  commercial  application,  but  it 
has  the  advantage  of  simplicity  and  is  said  to  have  high 
mechanical  efficiency.  This  type  of  gear  has  been  de- 
signed to  give  its  full  motion  with  either  one  or  two  com- 
plete revolutions  of  the  steering-wheel. 

There  is  considerable  difference  of  opinion  as  to  the 
total  reduction  that  is  necessary  or  desirable  in  the 
steering-gear.  This  reduction  naturally  depends  to  a 
great  extent  upon  the  weight  of  the  car  and  the  mechan- 
ical efficiency  of  the  mechanism  employed.  The  reduction 
ordinarily  used  on  passenger  cars  varies  from  6.0  to  1  to 
9.66  to  1,  and  the  number  of  revolutions  of  the  wheel 
necessary  to  move  the  road  wheels  from  locked  to  locked 
position  varies  from  1.5  to  2.25. 

There  are  certain  advocates  of  rather  "fast"  steering- 
mechanisms  ;  that  is,  mechanisms  which  require  a  rela- 
tively small  angular  motion  of  the  steering-wheel  for  a 
given  angular  motion  of  the  road  wheels.  Others  prefer 
a  "slower"  gear,  or  one  with  a  greater  reduction,  even 
though  this  type  does  not  respond  so  rapidly  to  the  de- 
mands of  the  operator.  Other  things  being  equal,  the 
slower  the  steering  is  the  less  are  shocks  on  the  road 
wheels  transmitted  to  the  steering-wheel,  and  vice  versa. 

Tie-Rod  Arms  and  Tie-Rods 

Tie-rod  arms  should  be  as  stiff  as  weight  and  manufac- 
turing considerations  admit.  If  yoked  tie-rod  ends  are 
to  be  employed,  it  is  important  to  see  that  the  axes  of 
the  holes  in  the  yoke  pins  are  truly  parallel  to  each  other 
and  to  the  knuckle-pin  axes ;  otherwise,  if  the  yoke  pin  is 
well  fitted,  binding  will  occur  in  some  positions.  If  the 
knuckle-pivot  axes  are  not  intended  to  be  parallel,  as  in 
the  case  of  transversely  raked  pivots,  it  is  necessary  to 
use  a  ball- joint  or  its  equivalent  between  the  ends  of  the 
tie-rod  and  the  tie-rod  arms  to  prevent  binding  in  the 
mechanism. 

One  prominent  designer  states  that  it  is  practically 
impossible  to  fit  yoked  tie-rod  pins  tight  enough  to  pre- 
vent rattle  and  still  avoid  binding.  Even  though  the 
knuckle-pivot  and  yoke-pin  axes  be  made  truly  parallel 
in  machining,  they  are  certain  to  be  thrown  somewhat 
out  of  this  relative  position  when  the  axle  is  deflected, 
as  it  always  is  to  some  extent  under  normal  load.  For 
this  and  other  reasons  a  ball-and-socket  joint  such  as  is 
used  on  the  ends  of  the  drag-link  has  important  advan- 
tages. Some  engineers  consider  it  safer  than  the  ordi- 
nary yoke  construction.  The  springs  back  of  the  bearing- 
blocks  afford  a  certain  cushioning  action  against  shock 
which,  if  the  springs  are  proportioned  properly,  is  highly 
desirable.     An  unusual  design  of  ball-and-socket  tie-rod 


end  is  used  in  the  Excelsior  design  as  will  be  seen  from 
an  examination  of  Fig.  13. 

A  rather  common  and  serious  fault  of  some  of  the 
cheaper  cars  and  trucks  is  the  use  of  tie-rod  yokes  that 
are  fitted  poorly  to  begin  with,  and  that  have  a  totally 
inadequate  means  for  locking  them  in  position.  The 
tangent  bolt  employed  is  frequently  too  small,  and  the 
shank  of  the  yoke  is  not  split  far  enough  or  with  a  wide 
enough  slot  to  insure  secure  locking.  As  a  result,  the 
yoke  soon  rattles  loose  and  becomes  a  source  of  danger. 
When  the  tie-rod  is  of  tubular  section,  and  especially 
when  the  walls  of  the  tube  are  thin,  care  must  be  used  to 
see  that  sufficient  metal  remains  at  the  base  of  the  thread 
to  prevent  failure  under  constant  vibration.  A  yoke 
clamped  to  the  tube  by  a  tangent  bolt  sometimes  com- 
presses the  tube  under  the  influence  of  road  shocks,  and 
the  yoke  loosens  on  this  account.  This  fault  has  been 
remedied  in  some  cases  by  the  use  of  a  tight-fitting  metal- 
plug,  somewhat  longer  than  the  threaded  portion,  forced 
into  the  ends  of  the  tube.  There  are  some  advantages  in 
the  use  of  a  lock-nut  against  the  inner  end  of  the  yoke- 
shank  instead  of  a  tangent  bolt,  but  close-fitting  threads 
are  very  important  in  this  case. 

Data  on  steering-gear  details  employed  on  different 
types  of  chassis  are  presented  in  Table  1. 

THE  DISCUSSION 

Cornelius  T.  Myers: — Of  the  multifarious  compro- 
mises that  must  be  effected  in  automobile  chassis  design, 
those  that  affect  the  steering  mechanisms  are  of  great 
importance  and  worthy  of  much  careful  study.  Many  an 
otherwise  clean  piece  of  automobile  architecture  can  be 
more  or  less  severely  criticized  when  the  steering  layout 
is  carefully  analyzed.  These  mechanisms  constitute  a 
really  large  problem  in  chassis  design,  because  they  must 
not  interfere  with  the  many  others  in  front  of  and  just 
behind  the  dash;  they  must  be  easily  assembled  and  dis- 
mantled, they  should  afford  the  maximum  of  access  to  and 
for  dismantling  adjacent  parts  and,  most  important  of 
all,  they  must  afford  safe  and  sure  control  of  the  direction 
of  the  car  at  all  times. 

In  respect  to  safety,  effective  brakes  rank  first  in  im- 
portance and  steering  mechanisms  a  close  second. 

A  recent  editorial  in  Automotive  Industries  referring 
to  the  violent  wabbling  of  the  front  wheels  under  certain 
conditions,  has  turned  the  spotlight  on  steering 
mechanisms  by  asking  the  question,  "what  makes  'em 
shimmy?"  What  this  expression  lacks  in  dignity  it 
gains  in  pertinence;  and  it  is  gratifying  to  note  that 
there  is  no  lack  of  opinion  among  the  engineers  of  the 
industry  as  to  the  cause  and  its  cure,  which  should  be 
readily  effected. 

Having  listened  to  and  read  with  great  interest  the 
views  of  several  well  qualified  to  speak  on  the  subject,  I 
offer  to  the  discussion  two  or  three  explanations  not  here- 
tofore advanced,  and  which  it  is  hoped  will  be  of  some 
service. 

First :  A  feature  of  major  importance  in  the  layout  of 
a  steering  mechanism  is  the  relation  of  the  path  of  travel 
of  the  ball  on  the  steering-knuckle  arm  when  under  the 
influence  of  spring  vibration,  to  the  position  of  the  ball 
on  the  arm  of  the  steering  gear  itself. 

Figs.  24  and  25  are  typical  layouts  showing  two  lines 
of  travel  for  the  steering-knuckle  ball,  and  the  axle  itself 
as  the  springs  deflect.  The  axles,  with  their  knuckle- 
pivots,  follow  the  lines  xx  due  to  the  flexure  of  the 
springs.  The  balls  on  the  steering-knuckle  arm  in  each 
case  follow  approximately  the  arcs  yy  that  have  for 
centers  the  centers  of  the  balls  on  the  steering-gear  arms. 
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It  is  seldom  that  these  two  arcs  coincide  for  any  appre- 
ciable distance,  and  in  some  cases,  as  in  Fig.  24,  they 
diverge  considerably  as  the  axle  is  raised  or  lowered  with 
respect  to  the  frame  when  the  springs  flex.  In  looking  at 
the  Figs.  24  and  25  note  that  the  arc  xx  in  each  case  is 
the  path  of  the  center  of  the  ball  on  the  steering-knuckle 
arm  provided  the  steering-knuckle  is  held  so  that  it  can- 
not turn  about  its  pivot,  and  provided  the  ball  is  not  con- 
nected to  the  steering-gear  arm  by  the  drag-link. 

But  actually  the  ball  cannot  follow  this  path  because 
it  is  connected  by  the  drag-link  to  the  ball  on  the  steering- 
gear  arm.  It  must  swing,  in  a  vertical  plane,  through  an 
arc  centering  about  the  ball  s  on  the  pitman  arm  of  the 
steering  gear,  and  also  in  a  horizontal  arc  about  the  cen- 
ter of  the  steering  pivot  on  the  axle. 

Referring  now  to  a  plan  view,  Fig.  26,  p  and  q  are  the 
steering  pivots  held  by  the  ends  of  the  axle,  b  is  the  ball 


Fig.   24 — Diagram  of  Two  Steering-Systems   showing  the  Rela- 
tive   Positions    of    the    Spring    and    the    Drag-Link    and    the 
Steering-Arm 

on  the  steering-knuckle  arm  of  the  axle  and  is  connected 
by  the  drag-link  to  the  ball  s  on  the  steering-gear  arm 
and  c  and  d  are  the  clevis  pivots  at  the  ends  of  the  tie-rod. 

Assume  that  the  left  wheel,  striking  a  bump,  rises.  The 
point  p  on  the  axle,  traveling  along  the  arc  xx  in  the 
left  portion  of  Fig.  24,  reaches  the  point  plt  Fig.  26. 
The  ball  b  on  the  steering-knuckle  arm  moves  along  the 
arc  yy,  in  the  left  portion  of  Fig.  24,  and  reaches  6„  Fig. 
26.  Thus  the  wheel  spindle  which  was  normally  in  the 
position  pm,  now  takes  the  position  pjnx,  and  the  clevis 
c  moving  to  c,  changes  the  position  of  the  right  wheel 
spindle  from  qn  to  qxnx.  Thus  with  the  steering  layouts, 
as  in  Fig.  24  and  the  right  half  of  Fig.  25,  any  rise  of  the 
left  wheel  will  tend  to  turn  the  car  to  the  left  and  a  fall 
of  the  left  wheel  will  tend  to  turn  the  car  to  the  right. 
With  a  layout  as  in  the  left  half  of  Fig.  25  this  action 
will  be  modified  and  much  diminished,  the  car  tending 
to  turn  to  the  right  whether  the  left  wheel  rises  or  falls. 

Under  certain  road  and  speed  conditions  this  action 
will  cause  the  wabbling  and  resultant  "shimmying"  to 
which  reference  has  been  made.  Some  cars  have  a 
greater  tendency  to  wabble  than  others,  due  largely,  as 
will  readily  be  seen,  to  the  varying  rates  at  which  the 
paths  xx  and  yy  diverge  in  any  particular  steering  layout. 

Second:  The  other  feature  bears  on  the  first  one,  just 
demonstrated,  and  in  my  experience  it  accounts  for  the 
astounding  violence  of  this  wabbling  at  times.  Wabbling 
seems  to  be  the  greatest  when  there  is  a  very  perceptible 
amount  of  wear  in  the  steering-pivot  bushings,  wheel 
bearings  and  other  points  of  wear  or  possible  looseness. 
When  successive  bumps  or  depressions  in  the  road  sur- 
face synchronize  with  the  taking  up  and  giving  out  of 
the  total  amount  of  wear  or  slack,  the  wabbling  seems  to 
be  most  severe.  It  is  somewhat  analogous  to  snapping  a 
whip,  or  more  directly  to  a  chain  in  which  the  links  are 
long  in  proportion  to  their  width.  The  end  links  sud- 
denly reverse  their  direction  of  motion  when  the  chain  is 
snapped  like  a  whip,  for  they  receive  a  violent  check 
when,  having  attained  some  velocity,  the  slack  suddenly 
reaches  its  limit  and  the  reaction  causes  a  partial  re- 
versal. If  the  grasped  end  of  the  chain  is  reversed  at  the 
right  moment  the  free  end  can  be  kept  swinging  from 
side    to    side    in    a    regular   period    of    vibration.      The 


Fig.    25 — Two   Other   Steering-Systems   Having   Very   Different 

Arrangements    of    the    Spring    and    the    Drag-Link    and    the 

Steering- Arm 

stresses  in  the  chain  will  be  greatly  increased  if  a  weight 
is  attached  to  the  free  end,  and  the  analogy  of  the  return 
ball  on  a  rubber  cord  is  also  apparent. 

In  an  automobile  the  links  of  the  chain  are  the  various 
parts  and  their  connections,  namely:  Wheel-hub  bearing 
races,  axle  spindles,  steering  pivots  and  their  bushings, 
the  various  pins  and  links  in  the  steering  mechanism,  the 
spring  bolts  and  their  bushings.  The  ball  on  the  end  of 
the  "chain"  is  the  front  end  of  the  frame  with  engine, 
radiator,  etc. ;  or  the  engine  itself,  if  it  is  at  all  loose  on 
its  fastenings.  When  a  series  of  road  bumps  synchron- 
izes with  the  vibration  period  of  the  springs,  and  this 
period  is  some  harmonic  of  the  whipping  "chain"  of 
loosely  connected  parts,  "she  shimmies,"  and  sometimes 
with  a  vengeance. 

Third:  A  point  on  which  I  am  still  experimenting,  is 
the  influence  of  the  unbalanced  forces  set  up  in  the  front 
wheels  by  the  weight  of  the  tire  valves  and  adjacent 
parts.  Due  to  the  fact  that  the  wheel  spindles  are  not 
horizontal,  these  unbalanced  weights  move  from  and  to- 
ward the  chassis  as  the  wheels  revolve. 

It  would  appear  that  when  the  position  of  the  valve  in 
the  left  wheel  bears  a  certain  relation  to  the  position  of 
the  valve  in  the  right  wheel,  the  forces  set  up  as  these 
valves  revolve  will  counteract  and  tend  to  balance  out.  On 
the  other  hand,  the  relative  location  of  the  two  valves 
might  be  such  that  the  two  forces  were  additive. 

If  there  is  looseness  in  the  steering  pivots  and  connec- 
tions, and  the  speed  of  rotation  of  the  wheels  is  such  that 
these  forces  act  in  harmony  with  the  "whipping  chain" 
mentioned  above,  it  seems  altogether  possible  that  they 
can  either  produce  and  intensify  wabbling  or  intensify  it 
when  produced  by  some  slight  road  inequality.  I  have 
known  bad  cases  of  wabbling  to  start  on  comparatively 
smooth  concrete  roads  when  the  car  was  driven  in  one 
direction,  but  no  wabbling  occurred  when  driving  over 
the  same  stretch  in  the  opposite  direction  at  the  same 


Fig.    26 — Diagram    Showing   the   Relative   Position   Assumed   by 

the   Parts   of  the   Steering-System   when   the  Wheels   Are   in 

the  Straight-Ahead  Position  Indicated  by  the  Full  Lines  and 

when  Turned  as  Indicated  by  the  Dotted  Lines 


Vol.   XII 


April,  1923 


No.  4 


390 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


speed.  Turning  the  car  around  changed  the  relative 
position  of  the  two-tire  valves,  and  evidently  caused  a 
balancing  out  of  forces  that  had  previously  promoted  and 
aggravated  the  condition. 

The  conditions  under  which  the  violent  wabbling  takes 
place  depend  upon  a  number  of  different  factors;  (a)  the 
steering  layout,  (6)  the  inequalities  of  the  road,  (c)  the 
vibration  period  of  the  springs,  (d)  the  speed  of  the  car, 
(e)  the  weight  of  the  front  end  of  the  car,  (/)  its  moment 
of  inertia  about  a  vertical  axis,  (g)  the  tire  inflation,  and 
{h)  wear  and  looseness  of  front  axle  and  steering- 
gear  parts,  etc.  It  is  not  easy  to  simulate  these  condi- 
tions, and  often  minor  changes  of  one  kind  or  another 
seem  to  cure  the  trouble;  but  it  is  latent  if  the  steering 
mechanism  is  not  correctly  laid  out,  and  will  reappear 
under  somewhat  different  conditions  than  at  first. 

In  driving  a  car  which  has  a  recurrent  tendency  to 
wabble  badly,  I  have  found  that  turning  steadily  and  not 
too  sharply  to  one  side  or  the  other  will  check  the  phe- 
nomena if  it  is  not  allowed  to  become  too  violent.  As  a 
rule  it  is  best  to  drive  on  the  right  side  of  a  crowned  road 
so  that  one  must  continually  exert  a  little  left-arm  pull 
on  the  steering-wheel  to  keep  a  straight  course.  This 
takes  the  slack  out  of  loose  steering  connections,  and 
obviates  any  wabbling  due  to  looseness  only.  A  further 
turning  toward  the  left  or  crown  of  the  road  will  take  up 
any  slack  produced  when  wabbling  is  started  by  impressed 
vibration  from  road  bumps,  and  will  often  damp  out  the 
wabble  before  it  becomes  severe. 

In  Auto-motive  Industries  an  article  appeared  entitled 
Wheel  Wabble   and   Other   Steering   System   Faults,   by 


3sinf3jin  A 


A=3deg. 
3sin/3 


r        27 — Diagrams  Illustrating  the  Effect  of  the  Transversely 

Raked  Steering-Pivot  at  the  Left  and  at  the  Right  the  Small 

Amount   of   Spring    Motion    Occasioned   by   a    Slight   Rearward 

Rake  of  the  Steering-Knuckle  Pivot 

A.  Ludlow  Clayden"  who  sets  forth  several  points  with 
reference  to  steering  mechanism  that  can  certainly  be 
given  close  attention. 

It  is  particularly  gratifying  to  note  his  denial  that  a 
transversely  raked  steering  pivot  makes  for  easy  steer- 
ing, even  when  the  extension  of  its  axis  touches  the 
ground  plane  at  the  central  point  of  tire  contact.  This 
practice  is  seldom  used  in  the  United  States,  and  with 
good  reason,  but  it  has  a  number  of  foreign  adherents 
who  are  loud  in  their  claims  for  it. 

In  connection  with  transversely  raked  steering  pivots, 
however,  it  is  hard  to  believe  that  Mr.  Clayden  is  correct 
when  he  states  that  front  wheels  are  in  unstable  equilib- 


"  See  Automotive  Industries,  Oct.  5.  1922,  p.  667. 


rium  when  they  are  pointed  straight  forward ;  also  when 
he  states  that  with  the  drag-link  disconnected  the  wheels 
would  swing  against  the  frame  of  the  car  either  in  one 
direction  or  the  other.  Referring  to  the  drawing  at  the 
left  of  Fig.  27,  the  point  a  on  the  spindle,  whether  the 
wheel  is  turned  in  or  out,  moves  in  a  circle  the  plane  of 
which  is  perpendicular  to  the  axis  of  the  steering-spindle. 
Thus,  no  matter  in  which  direction  the  car  is  turned,  in 
the  view  shown,  the  point  a  moves  along  the  line  ay  per- 
pendicular to  the  axis  of  the  steering  pivot.  This  move- 
ment tends  to  lower  the  wheel  and  raises  the  car,  so  that 
the  front  wheels,  uncontrolled  by  forces  exerted  through 
the  steering  mechanism,  tend  to  point  straight  forward 
and  become  stabilized  in  that  position,  under  the  influence 
of  the  weight  of  the  car.  Cars  with  such  a  steering 
mechanism  have  a  considerable  tendency  to  be  self-right- 
ing, but  with  any  looseness  in  pivot  bushings  and  steer- 
ing connections,  the  wheels  can  set  up  a  violent  and  per- 
sistent wabbling  once  the  right  conditions  are  en- 
countered. 

Mr.  Clayden's  theory,  that  the  tendency  to  raise  or 
lower  the  wheel  when  turning  the  car,  due  to  a  fore-and- 
aft  raking  of  the  steering  pivots,  is  the  primary  cause 
of  wabbling,  is  an  interesting  one  and  worthy  of  close 
study.  That  the  use  of  vertical  pivots  will  always  cure 
the  trouble  is  doubted,  however,  as  wabbling  has  been 
noted  in  cases  where  the  pivots  were  vertical. 

There  seems  to  be  much  more  likelihood  that  the  inter- 
action of  springs  and  steering  leverages  is  the  primary 
cause  of  the  trouble,  and  that  this  is  aggravated  by  loose 
connections.  Mr.  Clayden's  statement  that  increased 
friction  in  the  connections  prevents  wabble  is  in  line 
with  the  view  expressed  in  the  second  item  in  this  dis- 
cussion. 

As  to  a  comparison  of  effects  on  wheel  wabble  of  rear- 
wardly  inclining  the  pivots  as  opposed  to  the  spring 
action,  Mr.  Clayden  states  that,  due  to  inclining  pivots, 
one  wheel  may  drop  and  the  other  rise  perhaps  %  in.  in 
making  a  turn  of  minimum  radius  where  the  inner  wheel 
is  cut  say  30  deg.  from  straight  forward  position.  A 
30-deg.  swing  does  not  occur  in  wabbling.  Five  degrees 
is  about  the  average  on  either  side  of  neutral  position, 
unless  there  is  a  considerable  looseness  in  the  connections, 
and  15  deg.  is  perhaps  a  maximum,  giving  a  total  swing 
of  30  deg.  from  extreme  to  extreme. 

Assume  that  the  knuckle  pivot  is  located  in  a  vertical 
plane,  according  to  the  usual  American  practice,  and  not 
inclined  transversely  toward  the  frame.  The  average 
rearward  inclination  of  the  steering-knuckle  pivot  is  less 
than  3  deg.  =  angle  A.  Taking  the  distance  x  in  the 
drawing  at  the  left  of  Fig.  27  as  3  in.  we  have  the  rise  or 
fall  of  each  wheel  =  3  sin  (J  sin  A  (See  the  drawing  at 
the  right  of  Fig.  27.)  Where  (J  =  15  deg.  we  have  a 
movement  =  3  x  0.250  x  0.052  =  0.039  in.,  which  is 
only  one-sixth  of  the  %  in.  mentioned  by  Mr.  Clayden. 
This  is  hardly  enough  to  account  for  the  wabbling,  as  the 
corresponding  force  must  be  applied  through  a  reduction 
of  about  20  to  1,  thus  in  moving  up  or  down  this  0.039  in. 
the  point  a  has  circled  a  distance  of 

(2^x3x15)  -r-  360  =  0.7854  in. 
and 

0.7854  -f-  0.039  =  20.2 

The  point  a  in  moving  about  %  in.  bends  to  compress  the 
spring  about  0.04  in.  If  the  stiffness  of  the  spring  is 
400  lb.  per  in.  the  measure  of  the  compression  due  to  the 
movement  of  a  is  about  16  lb.  If  this  is  reimpressed  by 
the  spring  on  the  steering-knuckle  it  cannot  be  more 
than 

16(0.039/0.785)  =  0.79  lb. 
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or  less  than  1  lb.  at  the  point  a.  Even  this  will  be  con- 
siderably reduced  because  of  the  friction  losses  in  the 
spring  leaves,  in  the  pivot  bushings  and  thrust  bearings. 

While  it  may  be  true  that  even  this  feeble  effort  tends 
to  impress  a  wabbling  motion  to  the  wheels,  it  would  ap- 
pear to  be  unlikely  that  it  is  the  real  cause  of  the  trouble. 
On  the  other  hand,  even  a  small  divergence  in  the  arcs  xx 
and  yy  develops  forces  which  are  applied  by  direct  and 
powerful  leverages,  and  can  reach  a  considerable  inten- 
sity under  conditions  of  synchronous  vibration.  This  has 
been  confirmed,  in  my  experience,  by  the  fact  that  wab- 
bling has  never  occurred  when  only  the  right-hand  wheel 
was  encountering  a  series  of  road  waves  that  would 
sometimes  cause  the  wabbling  if  the  left  wheel  passed 
over  them.  As  the  cars  were  left-hand  steer,  bumps 
under  the  right-hand  wheel  had  but  little  effect  on  the 
left-hand  steering  arm  that  was  connected  to  the  drag- 
link. 

Placing  the  steering  spindle  in  the  middle  plane  of  the 
wheel,  as  advocated  by  Mr.  Clayden,  will  not  obviate  wab- 
ble if  the  steering  layout  is  faulty,  and  such  a  design  has 
some  serious  drawbacks. 

To  obviate  wabble 

(1)  Steering  mechanisms  must  be  laid  out  so  as  to 
prevent  an  appreciable  angular  movement  of  the 
knuckle  steering-arm  when  the  spring  flexes 

(2)  Steering  pivots  should  be  ample  in  size  and  the 
bushings  spaced  as  widely  as  possible  so  as  to  minimize 
bearings  loads 

(3)  Provision  for  continuous  lubrication  of  pivot  and 
tie-rod  bushings  must  be  provided  so  as  to  prevent  wear. 

Prof.  E.  P.  Warner: — There  is  some  danger  of  our 
overemphasizing  the  effect  that  mechanical  play  may  have 
in  connection  with  wheel-wabble  and  the  "shimmying" 
of  the  car.  To  indicate  how  bad  a  wabble  we  can  get 
without  any  possibility  of  mechanical  play,  we  can  turn 
to  a  vehicle  in  which  wabble  does  appear  very  badly 
although  the  steering-gear  is  rigid  throughout;  that  is, 
to  a  motorcycle,  a  bicycle,  or  other  hand-steered  vehicle 
of  a  similar  type.  As  some  probably  know  from  experi- 
ence, on  a  motorcycle  at  high  speed,  even  on  a  smooth 
road-surface,  a  terrific  wabble  sometimes  arises.  That 
is  sometimes  experienced  also  on  bicycles  that  do  not 
have  a  spring-fork.  It  is  reported  that  one  of  the  British 
"scooters"  of  recent  design,  a  vehicle  with  a  rigid 
steering-column  and  a  platform  on  which  the  driver 
stands,  wabbled  so  badly  as  to  be  absolutely  out  of  con- 
trol at  all  speeds  above  12  m.p.h.  In  at  least  three  cases 
of  which  I  have  seen  reports  recently,  that  tendency  to 
wabble,  which  was  terrifyingly  bad  in  the  original  ma- 
chine, was  cured  by  changing  the  curvature  of  the  fork, 
which,  of  course,  is  equivalent  to  changing  the  castering 
of  the  wheel. 

Do  the  figures  for  the  reduction-ratio  in  Table  1  of 
the  paper  relate  to  the  reduction  in  the  gear  itself  or  to 
the  total  reduction  from  the  steering-wheel  to  the  road- 
wheel? 

Herbert  Chase: — The  figures  given  in  the  table  are 
the  answers  to  a  questionnaire  on  the  "reduction  in  the 
steering-gear."  I  am  not  certain  what  was  understood 
by  this,  but  believe  that  in  most  cases  the  information 
given  applies  to  the  actual  reduction  in  the  gear  alone. 

M.  C.  Horine: — Mr.  Chase  mentioned  the  use  of  anti- 
friction bearings  as  a  means  of  reducing  friction  in  the 
steering-system.  Does  he  mean  to  include  the  steering- 
knuckle  pins  in  that  category?  Does  he  find  that  the 
use  of  anti-friction  bearings  in  king-bolts  is  a  good  thing? 
It  seems  to  me  that  an  anti-friction  bearing  is  funda- 


mentally something  made  to  turn,  having  point  or  line 
contact.  If  placed  on  a  very  slowly  and  only  occasionally 
oscillating  member,  such  as  a  steering-knuckle  pin,  the 
tendency  would  be  for  the  balls  and  rollers  to  embed 
themselves  in  their  races  and  produce  hard  instead  of 
easy  steering.  Is  it  not  true  that  center-point  steering 
would  really  make  it  more  difficult  to  steer,  particularly 
at  low  speeds  or  when  the  vehicle  is  stationary,  due  to 
the  fact  that  it  is  harder  to  grind  the  wheel  about  on  a 
point  instead  of  rolling  it  about  a  point? 

It  has  been  a  source  of  amazement  to  me  for  a  num- 
ber of  years  that  mystery  as  to  the  formula  for  fore- 
gather seems  to  be  prevalent  only  in  the  automotive  in- 
dustry. The  rules  for  wheel-setting  are  rather  well 
established  and  well  known  in  the  horse-vehicle  indus- 
try. The  setting  of  the  ordinary  horse-vehicle  axle  is 
governed  by  well  defined  laws.  It  might  be  well  for 
the  Research  Department  to  investigate  them. 

Another  point  that  may  not  have  anything  to  do  with 
wheel-wabble  but  certainly  relates  to  steering-gears,  is 
the  very  general  practice  on  the  part  of  automotive  manu- 
facturers of  using  a  standard  front-axle  for  several  dif- 
ferent wheelbases.  That  is  particularly  true  in  the  truck 
industry,  in  which  there  is  a  considerable  range  of  wheel- 
base  options  on  a  chassis  using  one  standard  axle.  In 
the  case  of  assembled  trucks,  an  axle  is  built  for  a  large 
number  of  vehicles  having  different  wheelbases,  the  tie- 
rod  arms  being  placed  at  a  certain  angle.  That  angle  is 
not  changed  for  the  different  wheelbases.  If  we  study 
the  Ackerman  system,  we"  find  that  the  accuracy  of  steer- 
ing, even  as  to  the  turning-radius  and  certainty  as  to 
the  tire  wear,  is  very  largely  affected  by  the  angle  of 
the  steering-arms. 

In  connection  with  the  proper  layout  of  the  steering- 
gear,  one  point  that  has  been  rather  stressed  is  the  posi- 
tion of  the  drag-link,  assuming  that  to  be  of  the  fore-and- 
aft  variety,  to  achieve  the  minimum  divergence  of  arcs 
as  between  the  motion  of  the  front  axle  about  the  fixed 
point  of  the  spring  and  the  motion  of  the  drag-link  about 
the  presumably  fixed  position  of  the  steering-gear  arm. 
Mr.  Chase  illustrates  in  Fig.  15  a  type  of  mounting 
wherein  the  steering-gear  is  located  in  front  of  the  axle 
instead  of  behind  it.  That  is  not  exclusive  to  the  make 
he  mentions,  but  is  used  by  three  American  companies 
and  also  by  a  number  in  England.  Has  Mr.  Chase  any 
data  concerning  it? 

Concerning  Mr.  Myers'  assertion  that,  in  the  matter  of 
safety  the  brakes  come  first  and  the  steering-gear  second, 
would  Mr.  Myers  prefer  to  find  himself  in  traffic,  in  an 
emergency,  with  a  broken  drag-link  or  a  broken  brake- 
rod? 

Mr.  Myers  :— With  a  broken  drag-link  the  car  will  tend 
to  go  straight  ahead  and  good  brakes  will  stop  it. 

Mr.  Hcrine:— The  Curtis  Co.  solved  the  problem  of 
motorcycle  wheel-wabble  15  years  ago.  In  ordinary  con- 
struction the  center-line  of  the  pivot  of  the  member  on 
the  top  of  the  fork,  that  corresponds  to  the  king-bolt  on 
a  wagon,  does  not  intersect  the  axle  of  the  wheel  but 
comes  somewhat  behind  it,  crosses  the  vertical  center- 
line  of  the  wheel  and  intersects  the  road  at  a 
point  in  front  of  that  of  tire  contact.  The  Curtis  ar- 
rangement was  to  extend  that  center-line  so  that  it  inter- 
sected the  axle,  and  to  use  perfectly  straight  forks,  a  con- 
struction for  motorcycles  that  is  almost  universal  prac- 
tice on  automobiles  today. 

0.  A.  Malychevitch  : — Does  Mr.  Chase  consider  that 
an  equal  number  of  turns  of  the  steering-wheel  ought  to 
be  required  to  steer  to  the  right  and  to  the  left;  say  to 
have   two   turns  of  the   steering-wheel   to   steer  to   the 
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right  and  two  turns  to  steer  to  the  left?  I  have  found 
that  this  is  very  seldom  true  on  the  chassis.  In  design- 
ing buses,  the  steering  is  a  very  important  item.  After 
experimenting  and  also  from  the  literature11  I  observed 
that  if  the  drag-link  is  parallel  to  the  axis  of  the  chassis 
as  at  the  left  of  Fig.  28,  the  angle  between  the  arm 
connected  with  the  drag-link  and  that  connected  to  the 
tie-rod  ought  to  be  equal  to  90  deg.  If  the  drag-link  is 
inclined  to  the  right  or  to  the  left,  the  angle  ought  to 
be  correspondingly  increased  or  decreased  as  shown  in 
the  central  and  right  portions  of  the  illustration. 


Pig.  2S — Drawing  Showing  the  Relation  between  the  Parallel- 
ism of  the  Drag-Link  with  Respect  to  the  Chassis  and  the 
Angle  between  the  Arms  Connected  to  the  Drag-Link  and  the 

Tie-Rod 

Regarding  irreversibility,  one  of  the  most  efficient 
types  of  steering-gear  is  that  found  on  the  Schneider 
omnibus  chassis  used  in  Paris  and  described  in  Engineer- 
ing." In  this  form  of  steering-gear,  which  is  of  the 
screw-and-nut  type,  the  steering  shaft  that  is  located 
near  the  steering-wheel  has  a  ball-and-socket  joint  to 
allow  a  swinging  motion  of  the  screw  and  the  nut  on 
the  other  end  of  the  shaft;  the  nut  of  the  steering-gear 
being  connected  with  the  steering-lever.  The  wrhole  ar- 
rangement is  very  simple  and  efficient  and  keeps  the 
steering-system  from  irreversible  action  when  the  shocks 
come  on  it.  It  is  said  that  it  is  a  very  quiet  steering- 
system,  with  no  wabbling  or  kick  on  the  hands  of  the 
drivers  in  such  traffic  as  that  in  Paris. 

Otto  M.  Burkhardt: — Quoting  Mr.  Chase's  statement, 
where  he  is  referring  to  the  center-point  steering  lay- 
out, we  note, 

(1)   Road  shocks  in  the  plane  of  the  wheel  have  a  min- 
imum moment  about  the  knuckle-axis  and,  conse- 
quently, are  transmitted  in  a  less  degree  to  other 
parts  of  the  steering  mechanism 
This   statement   is   susceptible   of  some   further   qualifi- 
cations  that   have   come  to   my   attention   lately.     With 
center-point  steering,  the  moment  of  the  forces  acting 
on  the  wheel  is  of  smaller  magnitude  but,  in  spite  of 
this,  small-magnitude  forces  in  the  case  of  center-point 
steering  are  more  readily  transmitted  to  the  steering- 
wheel,  unless  the  forces  applied  are  equal  on  both  wheels, 
which  very  rarely  happens.     If  one  wheel  is  subjected 
to  a  shock,  it  is  not  resisted  by  the  other  wheel  in  the 


s ^ 

Fig.   29 — Diagram   Showing   How  a  Cambered  Wheel   Resembles 
the  Base  ok  a  Cone  Lying  on  Its  Side 

same  manner  as  in  the  conventional  American  type  of 
steering.  The  greater  the  distance  from  the  point  of 
contact  between  the  tire  and  the  road  to  the  axis  of  the 
king-pin,  the  more  readily  does  the  wheel  act  as  a  shock- 
absorber. 

With  regard  to  determining  the  foregather,  this  is 
very  carefully  analyzed  by  J.  C.  Sproull."  Quoting  from 
Mr.  Sproull's  paper  and  referring  to  Fig.  29,  it  may 
be  considered  that  the  wheel  forms  the  base  of  a  cone 
lying  upon  its  side  as  shown.  The  natural  path  of  such 
a  wheel,  when  it  rolls  on  a  plane  surface,  is  the  circum- 
ference of  a  circle  described  about  the  apex  of  the  cone 
as  assembled.  Obviously,  unless  the  front  wheels  have 
gather,  there  will  be  a  tendency  for  them  to  separate, 
when  they  roll  on  a  plane  surface. 

From  Fig.  29  we  read  the  following  equation: 
cos  <p  =  sin  e  =  C/2D 
From  the  figure  it  is  further  evident  that 

sin  8  =  D/2S 
Hence 

S  =  D/2  sin  0 

From  Fig.  30  we  observe  that  the  area  of  the  tire  in 
contact  with  the  ground  is  of  the  length  L.  The  cone 
distance,  as  previously  mentioned,  is  S.  We  read  from 
Fig.  30 

sin  a  =  L/2S 

The  proper  amount  of  foregather  is  obtained  by  making 
pq  =  qr.  From  the  geometry  of  the  figure  it  follows 
that 

qr  =  (L/2)  tan  (3  =  S  [  (l./cos  a)— 1] 

D  B 


u  See    Etude   de    Direction,    by    P.    Ravigneaux ;    published    in    La 
Technique   Automobile,  1914   and    1920. 
13  See  Engineering.  April   14.   1916.  p.    343. 
"  See  The  Journal.  July.  1922.  p.  '91. 
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•Diagram  Illustrating  the  Relations  That  Exist 
between  Camber  and  Gather 
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In  the  article  mentioned,  values  have  been  substituted 
and  tables  worked  out  for  practical  values  of  the  wheel 
diameter  and  the  transverse  inclination  of  the  steering- 
pivot. 

Mr.  Myers  mentioned  that  bearing  loads  are  very  im- 
portant in  steering.  I  agree  that  the  loading  of  the  king- 
pin bearings  has  considerable  influence  on  the  ease  of 
steering.  Figs.  1  and  3  of  the  paper  illustrate  three 
designs  that  perhaps  are  representative.  Let  us  consider 
Fig.  1.  We  have  there  a  steering-knuckle  in  which  the 
steering-pivot  is  overhanging;  that  is,  in  case  of  side- 
sway,  the  upper  bearing  will  have  to  resist  a  force  that 
is  the  sum  of  the  side-sway  and  its  reaction,  as  we  have 
it  in  the  bevel  pinions  where  we  have  an  overhang.  Fig. 
3  represents  a  condition  of  bearings  that  are  fairly  sym- 
metrically mounted,  what  we  could  call  straddle-mounted. 
There  the  side-sway  would  only  be  one-half  on  each 
bearing. 

I  have  not  yet  seen  any  clear  emphasis  in  the  litera- 
ture as  to  what  the  bearing  loads  really  are.  The  matter 
is  at  first  somewhat  deceiving.  In  the  case  of  the  Crane 
design,  which  is  a  late  job,  we  find  the  bearing  mounted 
directly  in  the  knee  of  an  angle.  It  seems  that  this  bear- 
ing gets  a  tremendous  load,  but  it  does  not. 

A.  J.  Scaife: — Mr.  Chase  emphasized  the  desirability 
of  using  the  ball-and-socket  joint  in  the  cross-steering 
rod-end.  We  used  this  construction  several  years  ago 
but  abandoned  it  because  the  ball  did  not  retain  its 
spherical  shape;  it  became  flattened  or  oval  in  shape. 
When  the  lost-motion  is  taken-up  on  the  ball-and-socket 
joint,  the  steering  becomes  cramped  when  turning  to  the 
right  or  to  the  left;  we  therefore  abandoned  this  con- 
struction and  substituted  that  of  the  pin  and  yoke. 

We  have  had  considerable  experience  in  the  use  of  an 
anti-friction  bearing  on  the  top  of  steering-knuckles  to 
carry  the  load.  It  is  true  that  either  the  ball  or  the 
roller  bearing  will  pit,  but  under  the  pitted  condition 
these  bearings  have  less  friction  and  turn  more  easily 
than  the  large  plain-bearing  surfaces,  as  the  friction  in 
the  steering-knuckle  is  in  proportion  to  the  bearing  sur- 
faces. A  continuous  ring  in  the  ball  race  instead  of 
balls  has  been  tried  recently  with  success.  It  reduces 
the  friction  and  decreases  the  wear. 

I  had  a  case  where  the  wheel-wabble  was  extreme. 
The  steering  mechanism  was  loose  in  every  joint ;  in  fact, 
the  lost-motion  of  the  steering-wheel  was  so  great  that 
you  could  turn  the  wheel  about  one-half  revolution. 
Without  tightening  the  joints  or  taking  out  the  lost- 
motion,  it  was  possible  to  eliminate  the  wabble  of  the 
front  wheels  by  inserting  a  taper  wedge  between  the 
spring-seat  and  the  springs  on  the  front  axle,  changing 
the  angle  of  the  caster.  This  proved  to  my  mind  that 
the  caster  has  considerable  to  do  with  the  wabble. 

It  is  necessary  that  the  drag-link  be  designed  properly, 
with  suitable  relation  to  the  front  spring-eye  and  the 
steering-arm.  We  believe  it  is  not  possible  to  eliminate 
wheel-wabble  by  simply  maintaining  tight  connections 
on  the  steering-gear. 

L.  H.  Pomeroy: — Many  speakers  have  discussed  the 
difficulties  arising  from  the  relative  movement  of  the 
drag-link  and  the  front  spring.  Why  not  shackle  the 
front  spring  at  its  forward  end  so  that  the  steering-arm 
will  be  subject  to  the  influence  of  two  links  moving  with 
sympathetic  curvatures  and  not  the  reverse  as  is  usually 
the  case?  This  practice  has  been  used  by  De  Dion  in 
France  for  years  and  by  the  Fifth  Avenue  Coach  Co. 
and  seems  so  obviously  right  as  to  make  it  difficult  to 
understand  why  the  practice  is  not  universal. 

Another  matter  worthy  of  far  more  attention  than  it 


usually  gets  is  the  point  where  the  steering-arms  pro- 
duced intersect  the  longitudinal  axis  of  the  car.  On  the 
1913  Vauxhall  cars  this  point  was  located  a  distance 
about  56  per  cent  of  the  wheelbase,  measured  from  the 
front  axle  toward  the  rear.  While  the  steering  was  de- 
lightfully free,  the  experience  at  the  Front  with  these 
cars  was  that  when  in  deep  mud  the  driver  had  to  descend 
from  his  seat  to  find  in  which  direction  the  wheels  were 
locked.  In  a  word  the  steering-gear  itself  had  no  powers 
of  recovery  or  sense  of  direction.  Lengthening  the  dis- 
tance of  the  intersection  of  the  steering-arms  and  the 
longitudinal  axis  from  56  to  about  65  per  cent  made  all 
the  difference.  While  steering  was  not  so  free  as  be- 
fore, the  natural  sense  of  direction  was  vastly  improved. 

Remarks  have  been  made  on  the  inadequacy  of  ball 
joints.  Unfortunately  these  are  essential  with  inclined 
pivots.  The  important  thing  seems  to  be  that  of  keeping 
mud  and  water  out  of  the  joint.  If  this  is  done  no  trou- 
ble should  arise;  otherwise  trouble  will  arise  irrespec- 
tive of  whether  ball  or  pin  joints  are  used. 

The  subject  seems  to  boil  down  to  the  fact  that  wheel- 
wabble  can  be  caused  by  half  a  dozen  different  factors 
but  needs  the  presence  of  three  or  more  of  them,  thus 
giving  about  20  distinct  and  accurate  diagnoses.  I  re- 
member a  client  who  many  years  ago  insisted  upon  heavy 
detachable  rims  as  well  as  detachable  wheels.  During 
the  very  first  run  on  the  car  when  everything  was  tight 
wheel-wabble  developed  to  such  an  extent  that  traffic 
was  stopped  to  allow  him  to  proceed.  Investigation 
showed  that  releasing  the  steering-wheel  when  the  wabble 
started  restored  matters  to  normal,  the  eventual  com- 
plete cure  being  obtained  by  discarding  the  heavy  rims. 

A.  D.  T.  Libby: — Mr.  Chase  has  disavowed  any  original- 
ity in  connection  with  his  paper.  It  seems  to  me  that 
he  should  have  listed  the  various  authors  whom  he  quoted, 
so  that  we  could  look  to  them  for  future  discussions.  The 
subject  of  wheel-wabble  is  very  important,  and  we  should 
have  more  papers  dealing  with  it. 

Dr.  H.  C.  Dickinson: — I  should  like  to  say  a  few 
words  from  the  point  of  view  of  fundamental  mechanics 
as  distinct  from  that  of  practical  steering-system  de- 
sign. This  refers  only  to  wheel-wabble  of  the  kind  that 
has  a  definite  period  of  oscillation  and  not  to  motions 
that  represent  merely  reactions  of  road  roughness  on 
the  steering  mechanism.  This  kind  of  wabble  occurs  on 
smooth  as  well  as  on  rough  roads  and,  being  a  periodic 
oscillation,  certain  underlying  principles  must  apply  to 
it,  whatever  the  detailed  forces  involved  may  be. 

First,  for  a  system  to  continue  to  vibrate,  it  must 
have  a  free  period  of  its  own ;  in  other  words,  it  must 
follow  somewhat  the  same  laws  as  the  pendulum  follows ; 
it  must  have  a  tendency  to  return  to  its  normal  position 
when  forced  out  of  that  position.  That  is  the  first  requi- 
site for  wabble  to  occur.  The  second  essential  is  that, 
when  the  system  is  forced  out  of  its  normal  position, 
there  be  some  actuating  force  involved,  other  than  its 
normal  force  of  restitution,  that  maintains  the  periodic 
motion.  The  third  essential  is  that  the  total  friction, 
or  damping,  be  no  greater  than  the  total  force  that  tends 
to  maintain  the  motion. 

Scores  of  different  forces  may  be  involved;  the  sys- 
tem as  a  whole  is  complicated.  It  might  simplify  matters 
to  consider  the  relation  that  the  three  essentials  bear  to 
the  problem  in  hand.  First,  I  think  I  am  right  in  say- 
ing that  steering-wheels  could  not  wabble  if  the  center 
of  rotation  of  the  wheel  passed  through  the  center  of 
support  on  the  road;  that  is,  if  there  were  no  castering 
action  whatever,  wheel-wabble  could  no^  occur.  Another 
condition  under  which  it  cannot  occur  is  when  the  steer- 
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ing-gear  is  irreversible.  If  there  is  no  lost  motion,  a 
completely  irreversible  wheel  cannot  wabble.  A  third 
thing  that  could  absolutely  prevent  wabble  is  having  the 
resistance  to  motion,  that  is,  the  friction  in  the  steering- 
gear,  greater  than  any  force  applied  tending  to  main- 
tain the  vibration  of  the  system.  Those  three  conditions 
would  absolutely  prevent  wabble.  Probably  none  of 
them  is  desirable  in  a  steering  system;  therefore,  per- 
haps wabble  cannot  be  prevented  in  that  way. 

Of  the  possible  causes  that  have  been  discussed,  most 
of  them  are  matters  of  degree  rather  than  of  kind;  that 
is,  a  change  in  the  amount  of  caster  action,  a  change  in 
the  angle  of  the  wheel  and  a  change  in  the  amount  of 
friction  all  tend  to  increase  or  decrease  the  tendency  to 
wabble.  None  of  them  eliminates  it.  If  there  is  a  force 
tending  to  produce  wabble  and  it  is  only  just  sufficient  to 
maintain  the  wabble,  when  we  increase  the  friction  or 
decrease  the  caster  action,  the  particular  steering-system 
will  cease  to  wabble. 

In  a  steering-system  that  has  caster  action  and  is  not 
irreversible,  certain  forces  are  always  involved  that  tend 
to  maintain  the  wabbling  motion;  at  least,  there  may  be 
such  forces.  One  of  them  has  been  referred  to,  namely, 
the  tendency  of  the  driver  to  hold  the  steering-wheel  very 
rigidly.  Under  such  a  condition,  a  force  is  introduced 
that  may  maintain  a  periodic  oscillation.  If  that  occurs, 
the  wheels  can  continue  to  wabble,  provided  always  that 
the  friction  is  not  greater  than  the  force  applied.  Wabble 
from  this  cause  will  stop  as  soon  as  the  driver  releases 
the  steering-wheel. 

A  second  source  of  forces  that  can  maintain  wabble  is 
the  moment  produced  about  the  steering  center  by  the 
friction  of  the  wheel  on  the  ground  when  it  is  turned 
away  from  the  normal  position.  The  forces  set  up  in  this 
way  may  be  of  considerable  magnitude. 

A  third  obvious  source  of  energy  that  might  maintain 
wheel-wabble  is  the  reaction  produced  when  a  car  begins 
to    "shimmy"    or    oscillate    from    side.      The    abnormal 


'Roller  Bearings  - 


Fig.  31 — Diaobam   Showing  the  Necessity  for  a  Large-Diameter 
Inner  Mali,  or  Roller  Bearing 


periodic  side-sway  of  the  car  itself  under  this  condition 
introduces  a  turning-moment  about  the  steering-knuckle 
pin  that,  if  it  happens  to  fall  at  a  certain  period,  can 
maintain  wabble  of  the  wheels.  It  may  be  of  value  in 
studying  this  problem  to  hark  back  occasionally  to  the 
underlying  principles  that  must  govern  it  and  check-up 
how  the  actual  forces  involved  are  related  to  the  underly- 
ing principles  of  simple  harmonic  vibration. 

David  Ferguson: — Mr.  Chase's  paper  and  the  discus- 
sion should  result  in  clearing-up  many  points  about  which 
there  is  much  misunderstanding  at  present.  There  is  no 
doubt  of  the  desirability  of  the  so-called  center-point 
steering,  and  it  is  generally  conceded  that  such  types  as 
the  old  Marmon  and  the  suggested  designs  of  W.  J.  P. 
Moore  are  too  expensive  and  bulky;  many  such  designs 
have  been  in  production  and  abandoned.  A.  L.  Riker  had 
a  very  similar  design  in  his  electric  cars  built  over  26 
years  ago.  The  Leyland  Co.,  in  England,  used  a  design 
almost  identical  with  Mr.  Moore's  suggestion  on  all  their 
motor  trucks  up  to  about  8  years  ago,  when  it  adopted  the 
more  conventional  design. 

It  is  apparent  from  Fig.  31  what  a  large-diameter  inner 
roller  or  ball-bearing  is  necessary.  Mr.  Moore's  sketches 
are  apparently  diagrammatic,  it  being  impossible  to  as- 
semble the  stub  axles  on  the  spherical  ends  of  the  I-beam 
axle  as  shown.  The  length  of  the  bearing  indicated  on 
the  ends  of  the  I-beam  axle  are  much  too  short  for  long 
life  and  freedom  from  wear.  When  these  are  made 
adequate  to  resist  the  load  due  to  the  front  wheel  striking 
a  rut  or  a  curb  sideways,  the  size  of  the  large  ball-bearing 
will  be  excessive. 

These  designs  are  all  shown  with  a  horizontal  stub- 
axle.  This  looks  very  bad  in  practice,  due  to  the  roads  being 
made  with  considerable  camber  for  drainage  and  it  being 
desired  to  have  the  wheels  run  in  a  plane  radial  to  this 
curved  surface,  or  due  to  the  early  adoption  of  the  artil- 
lery wheel  with  the  rather  pronounced  dish  that  used  to 
be  given  to  the  spokes  so  as  to  make  the  wheels  stronger 
sideways,  the  lower  spokes  being  kept  vertical  by  sloping 
the  stub  axles.  It  has  become  the  universal  practice  to 
slope  the  front  stub-axles  from  1V2  to  3  deg.,  and  a  car 
with  horizontal  stub-axles  looks  as  though  the  front  axle 
had  sagged  and  allowed  the  wheels  to  assume  a  knock- 
kneed  position.  This  would  actually  be  so,  as  the  I-beam 
axle  will  deflect  considerably  on  account  of  the  load  on  it. 
Any  play  in  the  vertical  pivot-pins  or  the  wheel  bearings 
will  give  an  additional  slope  to  the  wheels ;  so,  it  is  desir- 
able to  give  almost  1  deg.  of  slope  to  the  stub-axles  to 
make  the  wheels  run  in  a  vertical  position  on  a  flat  cross- 
sectioned  road  and  they  should  have  at  least  1  deg.  addi- 
tional slope  to  compensate  for  the  usual  camber  on  roads. 
Some  manufacturers  make  the  rear  axle  with  sloping 
wheels  also,  although  this  is  very  exceptional,  because  of 
the  expense  and  complication  involved.  But  the  front 
stub-axles  can  be  made  to  slope  just  as  easily  as  they  can 
be  made  horizontal,  when  of  conventional  design,  and  a 
little  extra  slope  gives  a  very  rakish  appearance  to  the 
car  and  has  the  distinct  advantage  of  lessening  the  dis- 
tance from  the  center  of  the  tire  to  the  pivot-pins,  besides 
giving  a  considerable  increase  to  the  steering  lock  with 
standard  tread  at  the  tire  contact  with  the  road. 

The  inclined  knuckle-pin  shown  in  Fig.  10  of  the  paper 
is  a  very  simple  and  inexpensive  means  of  accomplishing 
so-called  center-pivot  steering,  the  only  disadvantage 
being  the  alleged  tendency  for  wheel-wabble,  and  the 
raising  of  the  car  when  the  front  wheels  are  turned  as  in 
Fig.  32.  By  drawing  these  diagrams  to  scale  it  will  be 
seen  that,  when  the  front  wheels  are  turned  through  an 
angle  of  90  deg.,  the  I-beam  axle  being  assumed  to  remain 
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-DlAGRAM    Illustrating,  How   a    Cah   Is   Raised   Slightly 
When  the  Front  Wheels  Are  Turned 


at  the  same  height  from  the  ground,  the  wheels  will  sink 
into  the  ground  V2  in.  Of  course,  it  is  impossible  in 
practice  to  turn  the  wheels  through  a  greater  angle  than 
about  45  deg.,  in  which  case  both  front  wheels  would  sink 
into  the  ground  a,4  in.  Since  the  ground  is  fixed,  the 
whole  front  of  the  car,  including  axles  and  wheels,  will 
be  raised  %  in.  This  must  make  steering  more  difficult 
than  with  vertical  pivot-pins  and  center-point  steering, 
though  it  will  have  the  advantage  of  a  greater  self-right- 
ing tendency. 

Were  it  not  for  the  fact  that  motor-car  companies  feel 
they  have  to  conform  to  public  taste  in  regard  to  wheels, 
some  demanding  wood,  some  wire  and  some  disc  wheels, 
it  would  be  very  simple  to  obtain  center-point  steering 
with  vertical  pivots  by  adopting  single-plate  disc-wheels, 
though  I  believe  a  well-made  wood  wheel  is  the  best  type. 
On  the  other  hand,  a  steel-disc  wheel  is  preferable  to  a 
poorly  made  wood  wheel.  One  prominent  builder  has  al- 
ready pinned  his  faith  to  disc  wheels  by  adopting  a  design 
that  will  not  permit  of  using  wood  or  wire  wheels,  with- 
out changing  the  tread.  Fig.  33  illustrates  this  design, 
the  dotted  disc-wheel  and  tire  showing  it  as  now  being 
manufactured  and  the  full-line  disc-wheel  and  tire  indi- 
cates a  proposed  means  to  give  center-pivot  steering  with 
vertical  pivot-pins.  Of  course,  the  hub  flange  should  be 
moved  farther  out  to  give  increased  dish  to  the  disc  wheel. 

There  are  two  objections  to  this  design.  It  necessitates 
an  I-beam  axle  3  in.  longer,  retaining  the  56-in.  tread, 
giving  increased  weight,  and  it  increases  the  load  on  the 
inner  bearing  of  the  wheel.  It  might  be  argued  that  the 
ease  of  steering  of  the  present  excellent  design,  in  which 
the  projected  center-line  of  the  pivot-pin  is  only  1%  in. 
away  from  the  center  of  the  tire  at  the  ground,  would 
not  be  bettered  enough  in  the  suggested  design  to  war- 
rant the  changes  specified.  It  is  possible  that  this  is  so, 
unless  front-wheel  brakes  were  to  be  used,  in  which  case 

S  e   Autocar,  July  7,   1922,  p.   50. 


approximate  center-point  steering  is  very  desirable.  The 
single-plate  disc-wheel  lends  itself  to  accomplishing  this 
without  any  great  change  to  conventional  designs  of 
steering-pivot  axles  and  hubs. 

Mr.  Chase: — Mr.  Libby  expresses  the  view  that  I  should 
have  listed  the  various  authors  from  whom  information 
was  obtained  in  preparing  the  paper.  Several  are  so 
listed.  The  bulk  of  my  material  was  obtained,  however, 
through  conversations  with  various  engineers  and  from 
letters  in  answer  to  a  questionnaire  that  I  sent  out.  In 
a  majority  of  cases  the  information  secured  was  not 
original  with  the  person  who  furnished  it,  except  perhaps 
as  to  certain  personal  experiences  that  go  to  prove  a  gen- 
eral rule,  but  is  a  part  of  the  common  knowledge  of  the 
subject. 

Take  the  communication  that  was  read  by  Mr.  Myers, 
for  example.  In  it  he  made  three  main  points  concerning 
wheel-wabble 

(1)  Effect   of   divergent   arcs   described   by   the    drag- 
link  and  the  spring 

(2)  Effect  of  lost-motion 

(3)  Effect  of  unbalanced  wheels 

Doubtless  Mr.  Myers  has  had  considerable  experience 
with  all  of  these  phenomena,  as  have  many  other  engi- 
neers. All  of  them  are  referred  to  in  an  article  in 
Autocar,"1  which  is  itself  a  summary  of  several  earlier 
articles  on  wabble  in  the  same  publication.     Mr.  Clayden 


Fig.  33 — Drawing  Illustrating  the  Steering-Pivot  Construction 
Adopted  by  One  American  Automobile  Company 

The  Dotted  Lines  Show  the  Disc-Wheel  and  Tire  Arrangement  Now 

Used,  While  a  Proposed  Construction  To  Give  Center-Point  Steering 

with  Vertical  Pivot-Pins  and  Also  Using  a  Disc-Wheel  Is  Indicated 

by  the  Full  Lines 
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in  an  article  cited  in  my  paper  and  discussed  by  Mr. 
Myers  refers  to  unbalanced  wheels  as  a  cause  of  wabble 
and  the  same  thing  is  referred  to  in  Motor  Age."  Ref- 
erences to  the  effect  of  drag-link  and  spring-arc  diver- 
gence were  made  in  Horseless  Age  nearly  15  years  ago 
and  many  later  references  can  be  found  in  Automotive 
Industries  to  this  and  to  the  effect  of  lost-motion  in  ac- 
centuating wabble. 

In  short,  these  are  matters  of  common  knowledge 
among  engineers  familiar  with  the  art,  so  that  no  author 
who  attempted  anything  approaching  a  thorough  survey 
of  the  subject  could  possibly  overlook  them  in  preparing  a 
paper  of  this  kind.  It  probably  would  require  months  of 
study  to  find  who  first  discovered  the  numerous  facts  that 
I  have  assembled.  Hence,  I  have  not  attempted  to  give 
the  sources  of  my  information  except  in  a  few  cases 
where  I  was  fortunate  enough  to  find  a  printed  article 
that  dealt  at  some  length  with  a  particular  phase  of  the 
general  subject.  In  numerous  cases  the  information  on 
one  topic  came  from  several  sources  and  in  others  I  have 
simply  put  isolated  facts  together  and  drawn  my  own 
conclusions,  as  would  any  engineer  under  similar  cir- 
cumstances. 

Among  those  who  furnished  data  on  the  various  sub- 
jects treated  in  the  paper  were  President  B.  B.  Bachman, 
Dr.  H.  C.  Dickinson,  H.  M.  Crane,  J.  G.  Vincent,  A.  L. 
Clayden,  C.  T.  Myers  and  George  P.  Dorris.  Some  of 
the  communications  I  had  were  verbal  and  others  were 
written. 

I  cannot  say  that  I  agree  with  Mr.  Myers  in  what  I 
gather  is  his  belief  that  the  caster  angle  has  little  or  no 
effect  upon  wabbling.  There  is  abundant  evidence  that 
it  has  a  pronounced  effect.  I  have  given  such  evidence 
in  my  paper  and  it  has  been  confirmed  in  the  foregoing 
discussion.  It  has  been  found  in  numerous  instances  that 
slightly  changing  the  caster  angle  without  changing  any- 
thing else  will  cure  wabble  or  render  it  inappreciable. 

One  communication  that  I  received  when  gathering 
material  for  my  paper  was  from  an  engineer  who  had 
tried  several  different  caster-angles  with  his  car.  He 
found  that  up  to  about  3  deg.  there  was  little  trouble 
from  wabble,  but  that  angles  in  excess  of  3  deg.  produced 
serious  wabble.  When  he  made  the  caster  angle  as  high 
as  10  deg.,  it  was  impossible  to  steer  the  car  at  all ;  it  was 
completely  out  of  control.  However,  there  are  cars  that 
run  successfully  with  caster  angles  as  high  as  6  deg.,  al- 
though some  of  these  cars  have  been  known  to  suffer  from 
wabble  trouble. 

The  matter  of  anti-friction  bearings,  raised  by  Mr. 
Horine,  is  pertinent.  I  do  not  mean  to  say  that  I  invari- 
ably favor  anti-friction  bearings  on  the  knuckle-spindle. 
That  they  can  be  used  successfully  seems  to  be  indicated 
by  the  fact  that  they  are  used  on  many  of  the  cars  that  are 
supposed  to  be  among  the  best-designed  cars  produced. 
I  am  inclined  to  doubt  whether  they  are  desirable  on 
trucks.  The  fault,  that  Mr.  Horine  pointed  out,  of  their 
tendency  to  become  corrugated,  is  certainly  more  or  less 
serious,  but  I  have  no  doubt  that,  if  the  size  of  the  bear- 
ings is  sufficient,  this  disadvantage  can  be  overcome,  or 
at  least  reduced  to  so  small  a  minimum  that  it  will  not 
cause  any  trouble.  I  trust  that,  for  the  benefit  of  the 
other  members,  Mr.  Horine  will  disclose  the  formula  on 
the  basis  of  which  the  proper  amount  of  foregather  can 
be  computed.  I  have  never  seen  such  a  formula  and,  if 
one  exists,  I  would  like  to  know  where  it  can  be  found. 

I  am  not  familiar  with  the  steering-system  used  on  the 
Schneider  buses,  and  so  cannot  discuss  the  point  raised  in 
that   connection.      I    realize,   however,   that   the   angular 


'See  Motor  Age.  Nov.  16.  1922,  p.   22. 


position  of  the  tie-rod  arms  has  an  important  effect  and 
have  so  indicated  in  my  paper.  The  angle  should  be  varied 
according  to  the  wheelbase,  as  Mr.  Horine  indicates.  The 
points  brought  out  by  Mr.  Pomeroy  are  of  interest  in  this 
connection. 

The  matter  of  the  layout  of  the  drag-link  is  a  geomet- 
rical problem,  and  there  is  no  doubt  that  there  are  a  num- 
ber of  different  layouts  that  are  satisfactory.  The  best 
is  the  one  that  results  in  the  least  deviation  of  the  two 
arcs  described  respectively  about  the  center  of  the  spring 
pivot  and  the  center  of  the  ball  on  the  end  of  the  steering- 
arm  with  the  drag-link  center-distance  as  a  radius.  The 
design  in  which  the  steering-gear  is  forward  of  the  axle, 
as  shown  in  Fig.  15  of  the  paper,  is  an  excellent  arrange- 
ment, especially  when  the  space  available  for  the  steer- 
ing-gear is  small.  Considering  the  short  drag-link,  I 
think  the  arrangement  can  hardly  be  bettered. 

Whether  it  is  better  to  pivot  the  front  spring  at  the 
rear  and  put  the  shackle  at  the  front  is  something  of  a 
question.  I  have  no  doubt  that  this  is  desirable  under 
certain  circumstances.  One  of  the  latest  designs  of 
American  car  that  is  not  yet  in  production  has  such  a 
layout.  I  think  that  it  would  be  better  to  shackle  the 
spring  at  the  front  end  but  that  when  the  steering-gear 
arm  is  back  of  the  front  axle,  as  it  is  in  Fig.  15  and  in 
some  other  designs,  it  would  be  better  to  shackle  the 
spring  at  its  rear  end.  Like  Mr.  Pomeroy,  I  am  unable 
to  say  why  front  springs  are  so  seldom  shackled  at  their 
forward  ends,  when  the  position  of  the  steering-gear 
lever  is,  in  a  great  majority  of  cases,  well  to  the  rear  of 
the  axle. 

The  point  brought  up  by  Mr.  Burkhardt  in  respect  to 
the  lack  of  damping  tendency  of  the  off  wheel  in  a  car 
with  transversely  raked  pivots  arranged  to  give  center- 
point  steering  is  well  taken.  A  center-point  layout  is 
said  by  some  to  make  the  steering  easier  but,  as  Mr. 
Burkhardt  says,  when  one  wheel  starts  to  wabble  with 
this  construction  the  other  wheel  does  not  offer  a  counter- 
acting moment,  tending  to  prevent  wabble  as  it  does  when 
the  pivot  is  off-center.  Whether  center-point  steering 
actually  is  more  easily  controlled  than  the  other  type,  I 
am  unable  to  say. 

The  point  made  by  Mr.  Horine  to  the  effect  that  with 
the  center-point  layout  the  tire  must  be  twisted  about  a 
central  point  as  against  rolling  it  about  a  central  point, 
when  there  is  an  offset  knuckle,  is  worth  consideration. 
There  is,  however,  in  either  case  a  considerable  twisting 
action  on  the  tire  and  I  doubt  whether  there  is  a  notice- 
able difference  when  the  vehicle  is  in  motion.  Some  cars 
with  center-point  steering  certainly  do  have  wonderfully 
free  steering  action  when  they  are  stationary. 

Mr.  Scaife  raises  the  point  that  the  ball  of  a  ball-and- 
socket  joint  wears  out-of-true.  That  does  occur  but 
if  particular  attention  is  paid  to  the  lubrication  such  wear 
can  be  minimized.  Furthermore,  I  do  not  see  that  it 
should  be  any  more  difficult  to  replace  a  worn  ball  than 
to  replace  a  worn  pin  or  the  bushings  when  a  yoke  con- 
struction is  employed.  With  the  spring-backed  socket- 
type,  the  play  of  course  is  continually  taken-up;  hence 
the  ball  type  has  the  distinct  advantage  that  it  tends  to 
eliminate  rattle.  As  Mr.  Pomeroy  pointed  out,  it  is  abso- 
lutely necessary  to  use  the  ball  type  when  the  transversely 
raked  pivot  is  employed. 

The  matter  of  the  layout  of  the  tie-rod  arms,  raised  by 
Mr.  Pomeroy,  is  interesting ;  it  is  a  geometrical  problem ; 
several  papers  have  been  written  on  the  subject,  one  or 
two  of  which  are  referred  to  in  the  paper.  The  general 
impression  is  that  the  best  layout  is  the  one  in  which  the 
extension  of  the  center-lines  meet  at  the  center  of  the 
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rear  axle.  Some  state  that  a  little  better  layout  is  ob- 
tained by  bringing  that  point  somewhat  forward  of  the 
rear-axle,  but  I  was  not  aware  that  any  one  brought  it  as 
far  forward  as  Mr.  Pomeroy  indicates  that  he  has  found 
to  be  desirable. 

Dr.  Dickinson  said,  "If  there  were  no  castering  action 
whatever,  wheel-wabble  could  not  occur.  .  .  .  Another 
condition  under  which  it  cannot  occur  is  when  the  steer- 
ing gear  is  irreversible."  I  think  he  is  correct  in-so-far 
as  he  refers  to  certain  periodic  tendencies  to  wabble.     It 


is  undoubtedly  true,  however,  that  it  is  possible  to  pro- 
duce wabble  by  having  a  faulty  drag-link  layout,  or  by 
having  a  wheel  that  is  badly  out-of-balance,  even  with 
castering  and  with  an  irreversible  gear. 

Mr.  Myers  :— I  do  not  want  it  understod  that  I  believe 
the  castering  action  has  no  effect  on  the  wheel-wabble.  In 
my  experience  it  has  been  possible  to  use  the  castering 
action  up  to  about  2  deg.,  varying  anywhere  from  iy2  to 
2V2  deg.,  without  any  bad  effects,  so  long  as  the  other 
points  are  taken  care  of. 


SEVENTH    SEMI-ANNUAL   GASOLINE  SURVEY 


FOR  a  number  of  years  the  Bureau  of  Mines  has  conducted 
semi-annual  surveys  to  determine  the  changes  in  motor 
gasoline  being  sold  in  the  United  States.  The  present  survey 
shows  that  the  tendency  toward  an  increase  in  volatility  that 
was  noted  6  months  ago  is  still  present,  and  that  the  seasonal 
variation  from  summer"  to  winter  grades  is  apparently  slowly 
decreasing.  A  careful  review  of  the  data  obtained  in  the 
previous  surveys,  beginning  with  that  of  1917,  shows  that 
there  is  a  tendency  toward  a  greater  uniformity  in  the  char- 


TABLE    1 — RANGE    OF    END-POINTS    IN    EACH    GASOLINE 
SURVEY 

Maximum  10  Minimum  10 


Per  Cent, 

Per  Cent, 

Differences 

Date 

Deg.  Fahr. 

Deg.  Fahr. 

Deg.  Fahr. 

April,  1917 

449 

334 

115 

April,  1919 

472 

363 

109 

January,  1920 

482 

377 

105 

July,  1920 

502 

406 

96 

January,  1921 

467 

382 

85 

July,  1921 

473 

398 

75 

January,  1922 

461 

397 

64 

July,  1922 

461 

401 

60 

January,  1923 

451 

397 

54 

acter  of  the  gasoline  marketed  in  the  United  States,  as  shown 
by  the  figures  in  Table  1,  which  were  obtained  by  averaging 
the  end-points  of  the  least  volatile  and  the  most  volatile 
samples  of  gasoline.  For  example,  of  the  850  samples  an- 
alyzed in  1919,  the  10  per  cent  of  the  samples  having  the 
highest  end-points  and  the  10  per  cent  having  the  lowest  end- 


In  the  present  survey,  taking  the  cities  individually,  there 
are  some  distinct  changes  noted.  In  comparison  with  Janu- 
ary, 1922,  the  average  for  the  City  of  Washington  shows  an 
increase  of  20  deg.  in  the  initial  boiling  point  and  a  decrease 
of  12  deg.  in  the  90  per  cent  point.  The  averages  for  Pitts- 
burgh, Chicago  and  St.  Louis  each  show  consistent  drops 
throughout  the  distillation  range  with  the  exception  of  the 
initial  boiling  point,  which  was  increased  slightly.  On  the 
other  hand,  the  averages  for  Salt  Lake  City  and  San  Fran- 
cisco indicate,  on  the  whole,  a  decrease  in  volatility.  The 
average  90  per  cent  point  and  the  end-point  of  the  San 
Francisco  samples  each  rose  11  deg.,  while  the  same  points 
of  the  Salt  Lake  City  samples  rose  8  and  2  deg.  respectively. 
In  the  distillation  of  the  samples  from  Pittsburgh  and  St. 
Louis  it  was  found  impossible  to  recover  even  90  per  cent  of 
some  samples  when  using  a  mixture  of  ice  and  water  in  the 
condenser  bath  according  to  the  standard  method  of  dis- 
tillation. This  would  indicate  that  these  samples  contain 
an  excess  of  low-boiling  fractions,  which  is  probably  due  to 
an  admixture  of  an  excess  of  natural-gas  gasoline. 

A  distillation  curve  was  plotted  representing  the  grand 
average  of  all  the  analyses  for  the  January,  1923,  survey, 
together  with  one  that  represents  a  motor  gasoline  meeting 
Federal  specifications.  The  average  survey  curve  falls  well 
below  that  representing  Federal  specifications,  but  it  con- 
forms very  closely  in  shape  to  the  specification  curve. 

In  the  present  survey  the  samples  were  tested  in  accordance 
with  the  methods  given  in  Bureau  of  Mines  Technical  Paper 
214,  entitled  Motor  Gasoline;  Properties,  Laboratory  Methods 
of  Testing  and  Practical  Specifications,  by  E.  W.  Dean.  The 
actual   specific   gravity  at   60   deg.   fahr.,   the   corresponding 


TABLE    2 — AVERAGE   RESULTS   OF   THE   JANUARY, 


District 
New  York  City 
City  of  Washington 
Pittsburgh 
Chicago 

New  Orleans,  La. 
St.  Louis 

Bartlesville,  Okla. 
Denver,  Colo. 
Salt  Lake  City,  Utah 
San  Francisco 
Average 


Specific 
Gravity 
0.739 
0.758 
0.729 
0.745 
0.743 
0.736 
0.742 
0.744 
0.742 
0.759 
0.744 


American 
Petroleum 
Institute, 
Degrees 
60.0 
55.3 
63.0 
58.4 
58.9 
60.8 
59.3 
58.6 
59.4 
54.9 
58.8 


First 

Drop 

101 

118 

95 

107 

117 

103 

109 

109 

98 

113 

107 


1923,    MOTOR-GASOLINE    SURV1 

Temperature,  Deg.  Fahr. 


20 
Per 
Cent 
201 
202 
171 
202 
213 
196 
205 
205 
199 
207 
201 


50 
Per 
Cent 
270 
261 
244 
268 
280 
269 
273 
273 
265 
265 
267 


90 
Per 
Cent 
368 
368 
382 
379 
376 
382 
381 
369 
370 
370 
375 


End- 
Point 
420 
424 
423 
433 
428 
433 
440 
419 
414 
432 
427 


Average 
Boil- 


ing 
Point 
267 
267 
249 
271 
278 
268 
274 
270 
264 
269 
268 


Amount 
Recovered, 
Per  Cent 

96.3 

96.8 

92.8 

96.5 

96.9 

95.4 

96.4 

96.5 

95.7 

97.3 

96.0 


Failed  to  meet  the  specifications  for  Federal  purchases  adopted   Feb.   3.   1922.  and  revised  Oct.  31,  1922. 


points  were  grouped,  and  the  end-points  of  each  group  aver- 
aged. These  averages  are  represented  in  the  table  as  the 
"Maximum  10  Per  Cent"  and  the  "Minimum  10  Per  Cent" 
respectively.  The  same  process  was  used  on  the  other  sur- 
veys. An  examination  of  the  "Differences"  shows  that  the 
range  of  "end-points"  in  each  survey  is  less  than  in  the 
previous  one,  indicating  a  tendency  toward  uniformity. 


degrees  according  to  the  American  Petroleum  Institute  scale, 
the  initial  boiling  point  or  first  drop,  the  20,  50  and  90  per 
cent  points,  the  end-point,  the  average  boiling  point  and  the 
per  cent  recovered  in  the  receiver  were  determined.  The 
average  figures  for  each  city  are  shown  in  Table  2. — From 
a  report  prepared  by  N.  F.  LeJeune  and  L.  G.  Marsh,  of  the 
Bureau  of  Mines. 
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GENERAL-PURPOSE  FARM  TRACTORS 


Will  Feature  National  Tractor  Meeting  in  Chicago 

This  Month 

Arrangements  have  been  made  definitely  to  hold  a  national 
Tractor  Meeting  of  the  Society  in  Chicago  at  the  Auditorium 
Hotel  on  Thursday,  April  19.  This  date  just  precedes  an  im- 
portant meeting  of  the  Farm  Equipment  Manufacturers  As- 
sociation. Two  engineering  sessions  will  be  held,  one  in 
the  morning  and  the  other  in  the  afternoon.  The  morning 
session  will  start  at  10  o'clock  and  the  afternoon  session  at 
2.30  p.  m.  An  informal  Tractor  Luncheon  has  been  arranged 
during  the  noon  period  between  these  two  meetings,  this 
forming  the  social  feature  of  the  meeting. 

Prof.  0.  W.  Sjogren  of  the  University  of  Nebraska  faculty 
will  read  a  very  important  paper  in  the  morning  meeting. 
This  paper  will  set  down  constructive  criticism  of  an  en- 
gineering character  that  has  come  to  light  as  a  result  of  the 
extensive  tractor  tests  conducted  at  the  University  of  Ne- 
braska for  the  State.  These  tests  are  widely  known  and  re- 
spected for  the  unprejudiced  manner  in  which  the  ability  of 
various  types  and  makes  of  farm  tractor  is  determined.  Pro- 
fessor Sjogren  has  been  in  charge  of  this  tractor  testing 
work  and  his  paper  is  prepared  with  an  altruistic  motive  in 
mind;  he  wishes  to  place  before  the  industry  the  outstand- 
ing engineering  faults  of  the  tractors  that  he  has  tested  for 
the  purpose  of  encouraging  engineering  development  and  a 
greater  perfection  of  the  tractor  as  a  farm  implement. 

The -afternoon  meeting  will  be  addressed  by  C.  M.  Eason. 
Mr.  Eason  is  well  known  in  the  tractor  industry,  having  been 
connected  with  it  for  a  number  of  years,  serving  at  one  time 
as  vice-president  of  the  Samson  Tractor  Co.  Mr.  Eason  is 
an  enthusiastic  advocate  of  the  general-purpose  type  of 
farm  tractor  capable  of  doing  all  of  the  work  now  done  on 
the  farm  by  horses.  He  will  record  some  of  the  progress  that 
has  been  made  in  the  development  of  this  type  of  machine 
and  will  illustrate  his  talk  with  numerous  photographs.  As 
a  part  of  his  paper,  Mr.  Eason  has  collected  the  opinions  and 
experiences  of  a  large  number  of  representative  tractor  en- 
gineers and  these  will  form  an  important  contribution  to  the 
discussion. 

Tickets  for  the  luncheon  may  be  ordered  from  the  New 
York  City  office  using  the  blanks  soon  to  be  forwarded  to  the 
members  with  a  special  issue  of  the  Meetings  Bulletin.  The 
tickets  are  priced  at  $2  per  plate.  It  is  intended  that  the 
luncheon  gathering  will  be  addressed  by  an  eminent  agricul- 
turist whose  views  on  farm  economics  will  form  both  an  in- 
teresting and  educational  diversion  from  the  engineering 
talks  of  the  morning  and  the  afternoon.  It  is  expected  that 
the  Tractor  Meeting  will  be  attended  by  a  representative 
group  of  tractor  engineers  because  of  its  location  in  the 
center  of  the  tractor  building  territory  and  its  being  scheduled 
just  previous  to  another  important  activity  of  the  tractor 
industry. 

MOTOR  TRANSPORT  APRIL  FEATURE 


National  Meeting  in  Cleveland  Devoted  to  Truck,  Bus 

and  Taxi  Operation 

Operation  experience  in  three  important  fields  of  automo- 
tive transportation  will  be  featured  in  the  National  meeting 
of  the  Society  at  Cleveland,  April  26  to  28.  In  some  respects 
this  meeting  is  a  departure  from  the  lines  of  activity  fol- 
lowed by  the  Society  in  the  past;  we  are  to  enter  the  field 


of  operation  in  an  active  way.  Practically  all  of  the  dis- 
cussion and  the  papers  will  be  built  around  problems  of  opera- 
tion; some  time,  of  course,  will  be  devoted  to  maintenance 
as  well.  The  operation  of  the  motor  truck,  motorbus  and 
the  taxi  cab  will  be  touched  upon;  there  are  important  and 
valuable  papers  on  each  of  these  three  means  of  commercial 
transportation.  A  glance  at  the  program  on  the  opposite 
page  reveals  the  importance  of  the  several  papers  and  in  each 
instance,  the  author's  connection  indicates  that  he  is  able  to 
speak  with  authority  on  operation  problems. 

The  combination  of  valuable  papers,  a  central  meeting  loca- 
tion, reduced  railroad  fares,  and  the  opportunity  to  meet 
representative  men  engaged  in  the  operation  of  motor-vehicle 
fleets,  should  prove  sufficiently  attractive  to  lead  every  ex- 
ecutive and  engineer  to  attend  the  Automotive  Transporta- 
tion Meeting,  April  26  to  28,  in  Cleveland.  All  of  the  meet- 
ings and  the  Transportation  Dinner  will  be  held  at  the  Hotel 
Winton.  Reservations  for  rooms  may  be  made  by  addressing 
the  hotel  authorities  direct.  Garage  facilities  are  ample  and 
reservations  may  also  be  made  for  the  storage  of  your  car  if 
you  decide  to  drive  to  Cleveland. 

At  the  time  of  writing  this  announcement,  the  scheduling 
of  the  several  papers  has  not  been  determined  upon;  this  is 
largely  because  of  the  fact  that  additional  contributions  are 
expected.  The  definite  schedule  of  meeting  periods  and 
presentations  will  reach  all  of  the  members  of  the  Society 
through  a  special  issue  of  the  Meetings  Bulletin  about 
April  17. 

The  large  amount  of  material  available  on  motor-truck, 
motorbus  and  taxicab  operation  made  it  necessary  to  elim- 
inate consideration  of  the  motor  rail-car  from  the  program 
of  this  Cleveland  Meeting.  Each  of  the  other  mediums  of 
commercial  automotive  transportation  will  receive  full  con- 
sideration and  discussion.  It  is  planned  to  have  a  representa- 
tive engineer  of  a  vehicle  manufacturing  plant  assigned  to 
the  discussion  of  each  of  the  papers.  The  names  of  these 
discussers  will  be  announced  in  the  special  Meetings  Bulle- 
tin referred  to  above. 

The  technical  sessions  will  be  held  during  the  morning  and 
afternoon  of  April  26  and  27.  The  Automotive  Transporta- 
tion Dinner  will  be  held  at  the  Hotel  Winton  on  Thursday 
evening,  April  26.  It  is  hoped  to  secure  an  outstanding  pub- 
lic official  who  is  interested  in  the  extension  of  automotive 
transportation  to  speak  at  the  dinner.  A  card  for  the  mak- 
ing of  dinner  reservations  will  be  forwarded  to  the  members 
in  the  near  future.  Visits  of  inspection  will  be  made  to  the 
factories  of  the  White  Motor  Co.  and  the  Nela  Park  Labora- 
tories of  the  National  Electric  Lamp  Association.  It  is  prob- 
able that  these  visits  will  be  arranged  on  Saturday  morn- 
ing, April  28. 

The  Society  intends  to  give  a  large  amount  of  publicity 
to  this  meeting  among  motor-truck  operators,  traffic  and  en- 
gineering departments  of  the  railroads,  and  the  electric  trac- 
tion companies.  This  will  be  done  for  the  specific  purpose 
of  bringing  to  the  meeting  a  large  and  representative  group 
of  commercial  motor-vehicle  users  so  that  they  may  meet 
and  exchange  views  with  the  engineers  and  constructors  of 
this  equipment.  A  study  of  the  present  status  of  automotive 
transportation  evidences  great  need  for  such  a  cooperative 
gathering.  Those  directing  the  arrangements  for  the  meet- 
ing have  already  noticed  a  widespread  interest  in  it  among 
the  users;  it  is  to  be  hoped  that  an  equally  great  enthusiasm 
and  interest  will  be  shown  by  those  in  the  industry  who  are 
concerned  with  the  production  of  the  motor-vehicle  equipment. 
Mark  the  date  of  the  Automotive  Transportation  Meeting 
on  your  calendar  at  once;  make  arrangements  to  attend  the 
meeting   in   person   and   bring  with   you   all   those   members 
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of  your  staff  who  shoukl  and  must  become  more  closely  allied 
with  the  purchasers  and  the  operators  of  commei-cial  motor 
vehicles  made  by  your  organization. 


PAINT  AND  VARNISH  TROUBLES 


Form  Subject  of  Instructive  and  Largely  Attended 
Detroit  Section  Meeting 

Painting  and  varnish  troubles  were  discussed  in  a  very 
comprehensive  manner  at  the  meeting-  of  the  Detroit  Section 
of  the  Society  on  March  2  which  attracted  over  265  mem- 
bers and  guests.  L.  Valentine  Pulsifer,  chief  chemist  of 
Valentine  &  Co.,  was  the  speaker  of  the  evening.  He 
presented  the  salient  points  taken  from  his  two  previous 
addresses  before  national  body  engineering  meetings  of  the 
Society.  These  papers  appeared  in  The  Journal  for  Jan- 
uary, 1922  and  January,  1923.  The  speaker  particularly 
stressed  simple  methods  of  testing  varnishes  that  enable 
one  to  determine  their  durability,  elasticity  and  other  im- 
portant qualities. 

An  innovation  was  tried  at  this  meeting  of  the  Detroit 
Section.  Cards  were  passed  through  the  audience  on  which 
questions  were  written  by  those  in  attendance;  the  ques- 
tions were  collected,  then  read  by  the  chairman  in  rapid-fire 
fashion  and  answered  by  Mr.  Pulsifer.  These  questions  and 
answers  formed  at  least  as  valuable  a  part  of  the  meeting 
as  the  paper  itself.  Appreciating  that  the  information  given 
in  the  answers  was  timely  and  of  great  interest  to  those  in 
the  production  end  of  the  industry,  these  were  edited  prompt- 
ly by  Mr.  Pulsifer  and  will  be  found  on  p.  335  of  this  issue 
of  The  Journal. 

The  next  meeting  of  the  Detroit  Section  will  be  held  on 
April  6  in  the  General  Motors  Building  starting  at  8  o'clock. 
The  subject  of  the  meeting  will  be  Gear  Grinding.  Glenn 
Muffly  will  read  the  paper  of  the  evening  which  will  be  de- 
scriptive of  one  type  of  gear-grinding  machine  and  he  will 
also  include  a  discussion  of  some  peculiarities  of  the  involute 
form  of  gear  tooth.  Mr.  Muffiy's  talk  will  be  followed  by  a 
period  for  written  questions  and  for  open  discussion.  The 
meeting  will  be  preceded  by  the  customary  informal  dinner 
at  6.30  p.  m.,  which  is  always  a  feature  of  Detroit  Section 
meetings,  there  being  140  seated  at  the  March  dinner. 


MINNEAPOLIS  DISCUSSES  AIRPLANES 

The  Minneapolis  Section  had  a  varied  program  at  its  meet- 
ing on  March  7.  The  Modern  Type  of  Airplane  formed  the 
topic  of  a  paper  by  Charles  Boehnlein  of  the  engineering 
faculty  of  the  University  of  Minnesota.  Mr.  Boehnlein's 
paper  described  some  of  the  airplanes  competing  in  the 
Pulitzer  race6  at  Detroit  and  the  author  showed  slides  repro- 
duced from  photographs  of  the  competing  planes  that  he  had 
taken  at  Selfridge  Field.  J.  D.  Mooney,  engineer  of  the  Auto 
Engine  Works  of  St.  Paul,  read  a  paper  on  Airplane  En- 
gines in  Motorboat  Service.  Mr.  Mooney  compared  the  char- 
acteristics of  the  two  types  of  engines  and  showed  the  sim- 
ilar and  dissimilar  conditions  of  operation  in  the  two  classes 
of  service.  Dean  Leland  of  the  University  of  Minnesota  ad- 
dressed the  Section  briefly  on  the  advantage  of  local  en- 
gineering meetings. 

The  two  papers  elicited  active  discussion  in  which  A.  W. 
Scarratt,  A.  F.  Moyer,  J.  W.  Wagner,  Victor  Gauvreau, 
A.  H.  Bates  and  others  were  prominent. 


AUTOMOBILE  VALUES  INCREASED 


Schipper  Believes  Public  Received  Tins  Impression 

at  the  Shows 

Impressions  left  by  the  New  York  and  Chicago  Automobile 
Shows  were  summarized  in  a  very  interesting  paper  pre- 
pared by  J.  Edward  Schipper  and  read  at  the  meeting  of  the 
Buffalo  Section  on   March   16.     Unfortunately,  Mr.   Schipper 


AUTOMOTIVE  TRANSPORTATION 
MEETING 

Cleveland— April  26-28 


TENTATIVE  LIST  OF  SPEAKERS 


F.  C.  HORNER 

General  Motors  Corporation 

The  field  for  the  motor  truck  in  railroad  ter- 
minal cartage  service.  Greater  load  efficiency 
through  scientific  cartage  control.  The  unit 
container.  Description  of  English  railway 
cartage  practice.  Will  include  films  showing 
cartage    operations    of    two    stations   in    London. 


S.  G.  THOMPSON— A.  J.  SCAIFE 

White  Motor  Co. 

Presentation  of  a  motor-truck  company's  trans- 
portation engineers'  recommendations  for  eco- 
nomic control  of  truck  fleet  operation.  Covers 
experience  gained  from  practical  operation  in 
many  fields. 

S.  VON  AMMON 

Bureau  of  Standards 

Presentation  of  results  of  exhaustive  tests  of 
motor-truck  rear-axles  of  all  types,  conducted 
for  the  Army  Motor  Transport  Corps.  Data  on 
relative  efficiency  of  worm  and  internal-gear 
types  an  important  part  of  paper. 


MAJOR  BRAINERD   TAYLOR 

Motor   Transport  Corps 

Recommended  methods  of"  motor-truck  traffic 
control  based  on  plan  evolved  by  the  Army  for 
use  in  case  of  national  tie-up  of  rail  transporta- 
tion. Includes  valuable  experience  of  army 
transport    in   France. 

J.  F.  MURPHY 

Columbia  Terminals  Co. 

Describes  operations  of  organization  engaged  in 
the  transfer  of  inbound  and  outbound  freight 
between  nine  railroad  depots  in  St.  Louis.  Has 
developed  a  system  of  motor  haulage  that 
amounts  to  the  operation  of  off-track  railroad 
facilities  through  congested  industrial  sections. 


C.    D.    EMMONS 

United  Railways  &  Electric   Co.  of  Baltimore 

Mr.  Emmons  is  president  of  the  American  Elec- 
tric Railway  Association  and  actively  interested 
in  the  operation  of  street  cars,  motor  buses  and 
trackless  trolleys.  He  has  spent  several  months 
abroad  studying  urban  transportation  in  the 
large  Continental  cities. 


PAUL  H.  GEYSER 

Yellow  Cab  Mfg.  Co. 

Mr.  Geyser  has  been  connected  with  the  devel- 
opment of  taxicab  transportation  for  many  years. 
He  will  present  his  recommendations  on  sys- 
tems of  taxicab1  operation  and  maintenance. 
Design  requirements  for  taxicab  service  will  be 
outlined. 


HAROLD  B.  WESS 

R.  H.  Macy  &  Co. 

Mr.  Wess  is  chairman  of  the  Retail  Merchants 
Delivery  Association,  an  organization  that  has 
been  promoting  a  comprehensive  research  study  of 
motor-truck  operation  in  the  retail  delivery  field. 
He  will  describe  some  of  the  results  accom- 
plished to  date. 
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was  unable  to  attend  and  his  paper  was  read  by  J.  C.  Talcott. 
Some  of  the  impi-essions  of  the  author  are  abstracted  in  the 
following  paragraphs. 

While  improved  equipment  was  probably  the  outstanding 
feature  of  the  cars  at  the  Shows,  it  is  only  a  small  part  of 
a  big  movement  that  has  progressed  during  the  past  decade. 
This  movement  has  been  one  of  greater  attention  to  detail. 
It  is  not  possible  to  name  a  part  on  which  attention  to  detail 
has  not  been  more  carefully  focused  than  ever  before.  Qual- 
ity of  cars  has  improved  notably;  yet,  improved  production 
methods  and  manufacturing  economies  have  made  it  possible 
to  produce  present-day  automobiles  and  sell  them  at  rela- 
tively low  prices.  Improved  machinery  and  methods  have 
reduced  the  labor-cost  per  car  by  reducing  the  number  of 
hours  of  labor  required  to  build  it,  rather  than  by  reducing 
wages.  The  elapsed  time  from  the  raw  material  to  the  fin- 
ished car  has  been  greatly  reduced,  with  a  proportionate  sav- 
ing in  carrying  charges  or  overhead.  The  strongest  im- 
pression left  by  the  Shows  was  this  ability  of  the  manu- 
facturer to  provide  the  public  with  better  cars  at  more  rea- 
sonable prices.  Raw  materials  are  better,  methods  of  manu- 
facture are  improved,  inspections  are  more  exacting,  assem- 
bly is  more  carefully  conducted  and  yet  cars  can  be  pur- 
chased for  about  the  same  money  as  in  the  pre-war  period. 
If  we  had  made  the  6ame  automobile  in  1914  as  that  produced 
today,  it  is  safe  to  say  that  prices  would  be  at  least  35  to  50 
per  cent  higher.  The  war  rendered  a  service  to  the  automo- 
tive manufacturing  business  which  cannot  be  under-esti- 
mated. The  advances  made  as  a  direct  result  of  the  war 
represent  a  development  period  which  would  have  extended 
over  a  great  number  of  years. 

The  engineer  has  realized  that  a  product  must  be  designed 
not  only  for  performance  but  also  for  manufacture.  There 
is  greater  cooperation  between  the  chief  engineer  and  the 
production  manager;  this  has  resulted  in  a  decreased  manu- 
facturing cost.  Costs  have  been  further  reduced  by  the  in- 
troduction of  special  labor-saving  machinery.  The  high  cost 
of  much  of  this  machinery  has  emphasized  the  necessity  for 
limiting  design  changes  that  would  render  these  expensive 
machine-tools  obsolete  and  this  condition  has  been  responsible 
for  a  certain  stability  in  design. 

Superior  engine  performance  has  been  sought  and  attained 
in  various  ways  as  evidenced  by  the  Show  exhibits.  Recipro- 
cating weights  have  been  reduced,  the  crankshafts  made  more 
rigid  and  the  crankcases  made  stiff er;  this  progress  has 
aimed  at  the  elimination  of  vibration.  Another  marked  ten- 
dency in  engine  design  is  the  use  of  longer  pistons  with  in- 
creased bearing  areas  that  reduce  the  unit  side-pressure  on 
the  cylinder  walls.  A  strong  tendency  was  noted  toward  the 
more  complete  use  of  the  complete-pressure  system  of  lubri- 
cation. Increased  rigidity  in  structure  is  not  confined  to  the 
engine.  In  going  over  the  1923  models  one  notes  how  many 
companies  have  increased  the  rigidity  of  the  chassis  frame. 
Coupled  with  this,  a  stronger  body  construction  has  been 
adopted  by  many  manufacturers. 

Service  and  maintenance  charges  have  been  greatly  re- 
duced. This  is  due  to  improved  materials;  rendering  adjust- 
ments and  lubrication  easier,  so  that  the  owner  will  give 
them  proper  attention;  and,  units  that  must  be  removed  for 
adjustment  at  comparatively  frequent  intervals  have  been 
especially  accessible.  The  detachable  cylinder-head  has  be- 
come almost  universal  practice. 

A  very  active  discussion  on  methods  of  machining  and 
fitting  crankshaft  bearings  followed  the  reading  of  the  paper. 
Some  doubt  was  expressed  by  David  Fergusson  and  0.  M. 
Burkhardt  about  the  wearing  qualities  of  crankshaft  bearings 
that  were  machined  to  interchangeable  limits  and  fitted  in 
the  case  and  to  the  crankshaft  without  any  hand-work. 
R.  W.  A.  Brewer  made  a  plea  for  lighter  construction  in  pas- 
senger vehicles;  he  felt  that  the  present  tendency  was  to  con- 
tinue the  production  of  automobiles  that  were  too  heavy  for 
economical  operation. 

The  next  meeting  of  the  Buffalo  Section  will  be  held  in 
the  rooms  of  the  Buffalo  Engineering  Society,  Hotel  Iroquois, 
on  April  13.  Motion  pictures  depicting  the  construction  and 
operation  of  electric  starting,  lighting  and  ignition  systems 
will  be  shown,  accompanied  by  a  talk  by  C.  F.  Bishop. 


JORDAN  TALKS  PAINT  PSYCHOLOGY 


Cleveland  Section  Will  Visit  Paint  Factory  as  Part 
of  April  Program 

The  sales  value  of  clothing  a  motor  car  in  an  attractive 
coat  of  paint  is  respected  by  most  motor-car  salesmen.  The 
psychology  underlying  this  sales  appeal  is  an  interesting 
study.  E.  S.  Jordan,  president  of  the  Jordan  Motor  Car  Co., 
through  his  intimate  contact  with  the  motor-buying  public, 
has  formed  some  very  interesting  opinions  and  theories  on 
paint  psychology.  He  will  present  them  before  the  Cleve- 
land Section  of  the  Society  on  the  evening  of  April  10  at 
the  rooms  of  the  Cleveland  Engineering  Society  in  the  Hotel 
Winton.  Mr.  Jordan's  talks  are  always  crowded  with  good 
logic  on  motor-car  merchandising  and  much  of  this  will  ap- 
peal to  the  engineer.  His  inimitable  manner  of  presentation 
makes  his  talks  attractive  from  the  entertainment  as  well  as 
the   educational   standpoint. 

As  a  part  of  its  activity  on  the  paint  subject,  the  Cleve- 
land Section  has  arranged  a  visit  to  the  manufacturing  plant 
of  the  Sherwin-Williams  Co.  during  the  afternoon  preced- 
ing the  meeting.  This  visit  takes  place  on  Tuesday  after- 
noon, April  10.  Members  of  the  Sherwin-Williams  staff  will 
serve  as  guides  and  will  explain  all  of  the  details  of  paint 
and  varnish  manufacture.  This  provides  an  unusual  oppor- 
tunity for  motor-car  engineers,  body  designers  and  produc- 
tion men  to  acquaint  themselves  with  the  ingredients  used  in 
paint  and  varnish  manufacture  as  well  as  the  methods  of 
preparing  and  mixing  them. 


MORE  ENGINEERING  NEEDED  IN  SERVICE 


Service  Authority  Believes  Maintenance  Work  Will 
Profit  as  a  Result 

Making  a  plea  for  more  engineering  in  automotive  main- 
tenance, H.  R.  Cobleigh  presented  a  very  interesting  argu- 
ment to  the  Washington  Section  at  its  meeting  on  March  2. 
The  subject  of  his  address  was  Automotive  Maintenance 
Engineering — A  New  and  Inviting  Field.  As  Secretary  of 
Service  of  the  National  Automobile  Chamber  of  Commerce, 
Mr.  Cobleigh  has  had  an  opportunity  to  visit  many  service 
establishments  and  his  observations  have  enabled  him  to 
formulate  some  valuable  opinions.  The  following  para- 
graphs give  some  of  the  important  points  brought  out  in  his 
talk. 

Engineering  is  doing  anything  scientifically  and  efficiently 
as  contrasted  with  simply  doing  it.  The  definition  indicates 
exactly  the  difference  between  service  as  we  now  know  it  and 
what  it  will  become  when  simplified  to  the  status  of  main- 
tenance engineering.  The  execution  of  work  in  the  repair 
shop  must  be  studied  and  ways  contrived  for  performing  it 
as  efficiently  as  in  the  original  construction  in  the  car  manu- 
facturing process.  If  cars  were  built  as  inefficiently  as  they 
are  overhauled  they  would  cost  about  four  times  their 
present  price.  If  they  could  be  overhauled  as  efficiently  as 
they  are  built,  the  work  could  be  done  for  one-quarter  its 
present  cost.  While  this  ideal  may  not  be  obtainable,  cer- 
tainly much  can  be  done  by  concentrating  the  overhaul  work 
in  fewer  large  shops  so  that  the  volume  of  work  handled 
would  justify  the  installation  of  labor  saving  machinery,  and 
processes  employed  that  small  shops  could  not  afford.  The 
small  shops  could  confine  themselves  to  minor  repairs  and 
adjustments,  sending  units  requiring  rebuilding  or  overhaul- 
ing to  the  specialized  plants,  where  this  larger  work  could 
be  done  better  and  quicker  at  half  the  cost  to  the  owner,  and 
with  an  equal  profit  to  the  individual  shop. 

Herein  lies  a  practically  untouched  field  of  opportunity  in 
which  engineering  talent  might  accomplish  a  great  work 
along  the  lines  of  efficient  organization,  shop  layout  and 
equipment,  motion  and  plan  study,  special  tools  and  training 
of  operators.  Let  the  engineer  begin  to  study  repair  shop 
efficiency  and  he  will  find  that  the  average  service-station 
can  be   75   per   cent  properly  equipped   at  a   reasonable  ex- 
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Schedule  of  Sections  Meetings 

APRIL 

4 — Minneapolis  Section 

6 — Washington  Section — Some  Observations  on  Exhaust- Valves — A.  W.  S.  Herrington 
6 — Detroit  Section — A  Process  of  Gear  Grinding  and  a  Discussion  of  Tooth  Forms — Glenn  Muffly 
10— Cleveland  Section— The  Psychology  of  Paint— E.  S.  Jordan— Visit   to    the    Sherwin-Williams   Plant   in   the 
afternoon 

13 — Buffalo  Section — Electricity  in  the  Motor  Vehicle — C.  F.  Bishop 

16 — Detroit  Section — Andre  Citroen  of  Paris,  France — The  Future  of  the  Light  Car 

19 — Metropolitan  Section — Engineering  Features  of  Fleet  Operation — Edward  E.  La  Schum 

20— Mid-West  Section— General  Design  of  Electric  Trucks  and  Their  Performance  in  Urban  Work— J.  G.  Carroll 


pense.  Adequate  tool  and  fixture  equipment  will  minimize 
hand-work,  employing  machine-tool  operations  in  its  stead. 
The  flat- rate  system  is  an  encouragement  to  efficiency;  in- 
centive is  placed  in  the  way  of  the  workmen  to  reduce  the 
time  he  spends  on  a  job  to  earn  a  bonus.  Short-cuts  are  a 
natural  development  and  result  in  more  profit  to  the  service- 
station  and  less  expense  to  the  owner. 

Education  of  shop  personnel  and  the  rating  of  mechanics 
are  subjects  deserving  the  engineers'  study.  There  are  too 
many  mechanics  in  the  business  who  are  poorly  and  inade- 
quately trained;  they  are  unable  to  develop  tools  that  save 
time  and  labor.  It  is  important,  and  in  no  sense  beneath  the 
engineers'  dignity,  that  he  become  concerned  about  the  train- 
ing of  the  personnel  in  the  service-station. 

It  has  'been  the  habit  in  the  past  to  throw  away  a  car 
before  its  useful  life  was  really  exhausted.  Obsolescence 
has  had  more  to  do  with  the  scrapping  of  automobiles  than 
their  wearing  out.  Now  that  designs  have  become  more  or 
less  standard,  the  public  will  not  indulge  in  this  practice. 
It  will  require  a  longer  useful  life  from  properly  maintained 
vehicles,  and  insist  on  reasonable  maintenance  expense.  Re- 
pair charges  that  exceed  the  retail  value  of  the  repaired 
article  many  times  will  not  be  tolerated.  The  public  will 
never  receive  this  ideal  service,  however,  until  the  engineer 
applies  himself  to  the  problem  with  as  great  sincerity  as  he 
has  already  applied  himself  to  the  economics  of  design  and 
production. 

The  next  meeting  of  the  Washington  Section  will  be  held 
on  April  6  at  the  Cosmos  Club  starting  at  8  o'clock.  The 
meeting  will  be  addressed  by  A.  W.  S.  Herrington,  who  will 
present  the  results  of  some  extensive  engine-valve  tests, 
made  by  the  engineering  division  of  the  Motor  Transport 
Corps. 


TROLLEY-BUSES  AND  FLEXIBLE  VEHICLES 


Metropolitan   Section   Discusses   Cooperation   of   Street 
Railway  and  Automotive  Engineers 

A  very  interesting  and  vitally  important  meeting  was  held 
by  the  Metropolitan  Section  at  the  Automobile  Club  of 
America  on  March  15.  It  was  attended  by  various  repre- 
sentatives of  interests  vitally  concerned  in  highway  pas- 
senger-transportation, such  as  the  City  of  New  York,  the 
American  Electric  Railway  Association,  bankers  and  rolling- 
stock  producers. 

William  P.  Kennedy  opened  the  discussion  by  elucidating 
the  salient  points  of  the  paper  he  had  prepared  for  study 
before  the  meeting,  entitled  Trolley-Buses  and  "Flexible" 
Vehicles.  This  paper,  which  was  of  a  comprehensive  nature, 
was  analytical  in  the  broad  sense  and  recalled  to  the  mind  of 
various  members  the  unusually  timely  and  instructive  papers 
that  Mr.  Kennedy  has  presented  at  meetings  of  the  Society 
in  the  past,  such  as  those  discussed  at  1911  sessions,  on  Ad- 
ministrative   Engineering    and    Salesmanship    in    the    Com- 


mercial-Car Field  and  Standardization  Possibilities  in  the 
Commercial-Car  Field.  It  was  Mr.  Kennedy's  purpose  in  this 
paper  to  bring  to  the  attention  of  automotive  engineers  the 
current  situation  in  the  street-railway  field  and  to  point  out 
to  what  extent  factors  are  undetermined  in  the  common  prob- 
lems of  automotive  and  street-railway  engineers.  Mr.  Ken- 
nedy proceeded  on  the  assumption  that  new  business  is  to  be 
had  in  the  providing  of  so-called  flexible  transportation  equip- 
ment for  street-railway  lines,  citing  such  elements  as  sight- 
seeing and  freight  handling,  of  which  there  are  interesting 
current  examples  in  Europe.  Such  equipment  can  utilize 
present  railway  systems  and  still  be  independent.  It  is  felt 
that  the  street-railways  must  provide  transportation  of  the 
flexible  type,  the  design  of  bus  in  common  use  today  not 
being  satisfactory  in  this  respect.  Important  phases  of  the 
desired  vehicle  are  one-man  operation,  a  low  center-of- 
gravity  and  use  so  far  as  possible  of  the  power  the  street- 
railways  can  now  furnish.  Trolley-buses  can,  of  course,  be 
provided  with  auxiliary  equipment  such  as  gas-engines  or 
storage-  batteries  for  propulsion  when  the  trolley  is  not  used; 
the  street-railways  have  expressed  a  desire  for  this.  Mr. 
Kennedy  said  that  the  trolley-bus  has  been  used  successfully 
in  Europe  since  1903,  freight-lines  being  operated.  He 
argued  in  favor  of  gas-electric  transmission  in  public  pas- 
senger-service, claiming  that  it  reduces  the  cost  of  operation 
of  vehicles  of  long  life,  is  quiet,  decreases  general  wear-and- 
tear  and  saves  brakes.  He  advocated  also  using  trailers  with 
tractors,  mentioning  with  emphasis  the  necessity  for  inter- 
changeability  of  parts  and  standardization  of  units. 

Among  the  places  in  this  country  where  trolley-buses  are 
operated  at  present  are  Baltimore;  Minneapolis;  Los  An- 
geles; and  Staten  Island,  New  York.  They  are  being  used 
also  in  Toronto,  and  Windsor,  Ont.,  Canada.  The  motor  used, 
which  is  the  light  street-car  type,  is  too  heavy.  One  model 
of  English  trolley-bus  has  a  single  motor  and  worm-gear 
drive.  There  is  in  England  also  a  double-deck  bus,  with 
motors  attached  independently  to  the  driving-wheels. 

Mr.  Kennedy  showed  some  new  designs  of  tractors  and 
semi-trailers  with  trolley-motor  or  gas-engine  equipment. 
The  tractor  is  detachable  so  that  the  type  of  body  can  be 
changed  easily.  The  steering  is  through  the  rear  wheels, 
controlled  by  the  tractor.  The  trolley  motor-coach  has  ca- 
pacity  for   100   persons. 

G.  C.  Hecker,  special  engineer  of  the  American  Electric 
Railway  Association,  said  that  the  time  is  ripe  for  coopera- 
tion between  street-railway  and  automotive  engineers.  He 
referred  to  the  reported  cost  of  36  cents  per  bus-mile  of  the 
Fifth  Avenue  Coach  Co.;  stating  that  the  best  comparison 
is  the  cost  per  passenger  carried,  this  being  more  than  7 
cents  in  the  case  of  the  said  company  and  over  5  cents  in 
street-railway  operation.  Mr.  Hecker  said  that  the  trackless- 
trolley-car  6hould  be  useful  in  new  territory  but  that  the  pub- 
lic must  understand  that  it  will  have  to  pay  more  if  bus 
transportation  is  more  expensive.  The  lean  routes  affect 
the  total  earnings  of  companies.  The  street-railways  have 
a  heavy  load  to  carry  in  the  way  of  taxes  and  other  charges. 
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Incidentally,  Mr.  Hecker  expressed  the  belief  that  the  busi- 
ness of  the  street-railways  is  greater  at  present  than  it  has 
ever  been  before.  Requirements  in  the  design  of  vehicles 
for  public  passenger-transportation  are  maximum  stand- 
ardization, the  greatest  feasible  comfort,  rapid  loading  and 
unloading,  a  satisfactory  method  of  collecting  fares  in  one- 
man  operation,  and  certain  safety  arrangements  to  prevent 
accidents. 

R.  E.  Fielder,  chief  engineer  of  the  Fifth  Avenue  Coach 
Co.,  said  that  the  gas-electric  transmission  did  not  compare 
favorably  with  the  mechanical  transmission  in  the  service  of 
his  company  during  several  years  of  operation,  the  accelera- 
tion of  the  former  being  sluggish,  the  gasoline  consumption 
higher  and  the  weight  greater.  He  feels  that  the  mechanical 
transmission  is  now  sufficiently  quiet  and  satisfactory.  He 
said  that  it  is  being  found  that  gasoline-bus  operation  is  more 
economical  than  the  conventional  street-car  opei-ation;  that 
with  one-man  operation  and  without  undue  taxation  a  cost  of 
24  cents  per  bus-mile  is  possible. 

Speaking  to  the  point  made  by  Mr.  Kennedy  that  due  to 
development  in  a  non-competitive  field  there  had  been  an  un- 
justified feeling  of  security  until  a  few  years  ago  on  the 
part  of  the  street-railway  operators,  C.  W.  Kellogg,  of  Stone 
&  Webster,  Boston,  said  that  the  electric  railways  have  had 
great  problems  that  spurred  them  as  much  as  competition 
could  have  stimulated  them,  they  having  been  compelled  to 
exert  strenuous  efforts  to  improve  and  reduce  the  cost  of 
their  service.  He  summed  up  his  remarks  by  saying  that 
what  it  is  desired  the  automotive  engineer  shall  produce  is 
a  comfortable,  low  center-of-gravity  vehicle. 

F.  C.  Horner  pointed  out  that  motorbuses  run  on  the  aver- 
age as  much  as  50,000  miles  per  year,  at  a  greater  speed 
than  that  of  the  truck,  which  travels  6000  to  8000  miles  per 
year.  He  reported  from  recent  personal  observation  that 
there  is  no  increase  in  the  use  of  trolley-buses  abroad,  some 
tramway  men  whom  he  interviewed  having  said  that  these 
vehicles  have  most  of  the  objections  of  the  trolley-car  and 
none  of  the  advantages  of  the  bus.  He  believed  that  the  field 
for  trolley-buses   in  this  country  is  limited. 

C.  J.  McPherson,  of  the  J.  G.  Brill  Co.,  Philadelphia,  ex- 
pressed his  understanding  that  few  bus  companies,  aside 
from  those  operating  in  New  York  City,  Chicago  and  De- 
troit, have  made  money.  He  made  it  plain  that  the  street- 
railway  industry  must  procure  a  vehicle  that  can  be  operated 
at  a  profit.  Increase  of  fare  means  decrease  of  income.  He 
did  not  express  a  definite  opinion  as  to  the  future  of  the  track- 
less-trolley-car but  said  that  the  regular  bus  is  not  what 
the  street-railways  need.  A  storage-battery  vehicle,  if  prac- 
ticable, would  be  very  advantageous. 

Prof.  Morton  Arendt,  of  Columbia  University,  appeared  as 
a  representative  of  New  York  City,  and  explained  in  a  vivid 
and  forceful  manner  what  steps  have  been  taken  to  meet 
transportation  emergencies  there.  He  said  that  in  Baltimore 
the  ordinary  trolley,  the  bus  and  the  trackless-trolley-car 
are  being  operated.  There  is  a  $2,500  annual  tax  on  a  50- 
passenger  bus.  The  fare  is  10  cents.  In  New  York  City, 
due  to  the  discontinuance  of  operation  of  several  street-rail- 
way lines  and  the  need  for  crosstown  service,  permits  were 
issued  for  bus  operation  with  5-cent  fare  under  certain 
stipulated  regulations.  In  operation  of  these,  which  con- 
tinued until  it  was  enjoined  by  railroad  corporations,  no  com- 
plaint was  had  from  bus  operators  as  to  not  making  money 
on  the  5-cent  fare.  The  electric  bus  has  a  speed  of  from 
11  to  12  m.p.h.  and  travels  45  miles  on  a  charge.  Professor 
Arendt  said  that  a  vehicle  must  be  had  in  which  the  advan- 
tages in  control  of  the  electric  vehicle  and  those  of  distance 
of  the  gas  vehicle  are  available.  The  ordinary  gasoline-bus 
is  not  the  solution  of  transportation  in  sparse  country,  in  his 
opinion.  He  cited  the  experience  on  Staten  Island,  where 
long  routes  over  hills  must  be  traveled  and  few  passengers 
are  to  be  transported.  The  cost  per  car-mile  of  the  trackless- 
trolley-car  there  was  $0,256  and  of  the  gasoline  truck  $0,338. 
The  former  figure  would  be  lower  in  handling  a  greater 
amount  of  traffic.  Professor  Arendt  figures  that  the  ad- 
vantage is  in  favor  of  the  trolley-bus  to  the  extent  of  10 
cents  per  car-mile,  there  being  no  doubt  that  the  overhead 
construction    gives    the    cheapest    transportation    for    unde- 


veloped territory.  He  said  that  the  increase  in  building 
along  the  routes  of  the  trackless  trolleys  had  been  enormous, 
the  gasoline  bus  not  being  so  advantageous  in  this  respect 
as  it  does  not  necessarily  give  promise  of  permanent  op- 
eration in  outlying  districts. 

Professor  Arendt  described  and  showed  views  of  track- 
less-trolley-cars that  had  been  designed  specially  for  use  in 
New  York  City,  one  design  having  a  195-in.  wheelbase  and 
capacity  for  50  passengers,  seats  being  provided  for  30  of 
these.  He  said  that  he  had  seen  over  75  people  riding  in  one 
of  these  vehicles,  which  are  well-sprung  and  have  better 
acceleration  than  gasoline  buses. 

One  very  interesting  thing  Professor  Arendt  reported  was 
that  the  City  of  New  York  is  now  installing  a  trackless- 
trolley  system  between  the  Pelham  Bay  subway  station  and 
City  Island.  At  certain  times,  16,000  people  are  transported 
per  hour  on  this  route.  It  is  proposed  that  there  shall  be  25 
trackless-trolley-cars  in  operation  there. 

Joseph  A.  Anglada  advocated  strongly  the  use  of  the  elec- 
tric vehicle  in  the  mass  transportation  of  passengers,  citing 
its  superiority  with  respect  to  long  life,  ease  of  control  and 
low  cost  of  maintenance.  He  mentioned  the  need  for  battery- 
charging  sets  on  the  electric  vehicle. 

Arthur  J.  Slade  presented  detailed  information  as  to  the 
trackless-trolley-cars  that  are  being  established  in  the  suburbs 
of  Paris,  France;  also  of  a  new  gasoline  bus  that  is  34  ft. 
long  and  has  three  axles  and  six  wheels,  the  weight  being 
300  lb.  per  passenger  as  compared  with  600  in  the  case  of  the 
conventional  trolley-car;  and  provision  being  made  for  48 
passengers,  standing  being  permitted  on  the  platform  only. 

The  next  meeting  of  the  Metropolitan  Section  will  be  de- 
voted to  motor-truck  operation.  Edward  E.  La  Schum,  gen- 
eral superintendent  of  motor-vehicle  equipment,  American 
Railway  Express  Co.,  will  read  a  paper  on  the  Engineering 
Features  of  Fleet  Operation.  This  meeting  will  be  held  at 
the  Automobile  Club  of  America  on  the  evening  of  April  19 
starting  at  8  o'clock. 


MID-WEST  SECTION  MEETINGS 

The  Mid-West  Section  met  in  Chicago  on  March  23  and  was 
addressed  by  F.  H.  Ford  on  the  subject  of  road-lighting.  As 
a  part  of  his  presentation,  Mr.  Ford  recommended  a  new  type 
of  chart  for  recording  the  relative  anti-glare  value  and  light 
distribution  qualities  of  head-lamp  lenses.  Instead  of  repre- 
senting light  intensity  by  lines  to  indicate  photometric  values, 
Mr.  Ford's  arrangement  denotes  intensity  by  varying  de- 
grees of  tints  on  the  surface  of  a  chart  that  is  supposed  to 
represent  the  roadway. 

The  next  meeting  of  the  Mid-West  Section  will  be  held  at 
the  rooms  of  the  Western  Society  of  Engineers,  in  the 
Monadnock  Building,  Chicago,  on  the  evening  of  April  20.  A 
paper  will  be  read  by  J.  G.  Carroll  on  the  General  Design  of 
Electric  Trucks  and  Their  Performance  in  Urban  Work.  This 
meeting  will  start  at  8  o'clock. 


MOTOR  MARKET  CONDITIONS   CHANGING 


Selection   Replaces  Mere  Desire  in  the  Psychology   of 
Purchasing 

Harry  Tipper,  business  manager  of  Auto-motive  Industries, 
brought  out  6ome  interesting  developments  in  the  automotive 
industry  on  its  economic  side,  in  addressing  the  New  England 
Section  at  its  regular  meeting  in  Boston  on  March  16. 

Mr.  Tipper  called  attention  to  the  gradual  change  that  has 
taken  place  in  the  buyer's  reason  for  wanting  a  car  and  its 
effect  on  the  builder's  sales  problem.  Desire  to  possess  was 
formerly  the  principal  market,  psychologically,  for  buying. 
Therefore  the  company  that  could  deliver  a  product  with  suf- 
ficient rapidity  was  bound  to  get  the  business.  Now  the 
whole  market  is  changing.  The  item  of  selection  is  coming 
to  be  more  important  than  the  mere  possession  of  a  car. 
That  means  that  we  shall  have  to  explain  more  to  the  public 
and  put  a  different  kind  of  pressure  in  the  market.  Some 
firms  are  losing  great  possibilities  of  sales  promotion  by  con- 
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sidering  the  business  from  the  sales  angle  too  much  and  not 
enough  from  the  buyer's  angle.  Economically,  we  have  to 
change  the  whole  outlook  and  find  out  what  the  growing 
desire  of  the  buyer  will  be. 

Another  consideration  that  enters  into  the  production 
problem  is  the  buyer's  attitude  regarding  the  used  car.  It  is 
not  likely  he  will  trade  unless  he  can  trade  at  an  advantage 
to  himself.  The  time  is  coming  when  average  new  car  sales 
will  be  less  than  10  per  cent.  Practically  all  buyers  of  cars 
will  be  owners  of  other  cars,  and  every  sale  will  involve  a 
transaction  of  trade.  Dealers  in  Chicago  said  their  figures 
indicated  the  sale  of  $250,000,000  worth  of  used  cars  last 
year.  The  actual  profit  on  new  cars  would  not  be  much  more 
than  that.  It  might  be  well  to  study  other  business  lines  that 
have  the  used  product  problem,  such  as  typewriters,  etc.,  where 
the  mechanism  is  good  for  somebody  long  after  the  original 
purchaser  has  given  it  up.  There  is  no  separate  market  for 
new  cars  and  used  cars  in  the  automobile  business.  If  we 
have  too  many  used  cars  on  hand,  the  demand  for  new  cars 
will  decrease.    We  must  have  a  proper  proportion. 

The  great  increase  in  the  number  of  motor  vehicles  in  use 
greatly  increases  the  service  problem  and  its  possibilities.    In 


1913  there  were  1,300,000  motor  vehicles;  on  Jan.  1,  1923, 
there  were  12,500,000.  Service  facilities  must  be  increased  in 
the  next  5  or  6  years,  and  the  problem  must  be  studied 
from  a  more  definite  standpoint.  There  are  approximately 
600  models  of  cars  out  of  production  in  operation  in  this 
Country,  and  some  400  companies  make  it  their  business  to 
supply  parts  for  cars  that  are  not  being  produced  regularly. 

It  will  be  found  that  the  retailer  tends  to  develop  as  the 
buyer's  needs  grow,  and  it  is  logical,  therefore,  that  we  should 
see,  outside  of  the  large  cities,  a  strong  development  of  busi- 
ness among  retailers  who  specialize  in  the  sale  of  supplies. 
The  business  of  replacement  every  year  constitutes  a  large 
per  cent  of  the  total  requirement  of  necessities  and  parts. 
The  man  who  wants  to  grow  as  a  retailer  with  the  business, 
will  have  to  pay  more  attention  to  the  replacement  end  of  the 
business,  and  the  manufacturer  will  have  to  give  this 
branch  of  the  industry  some  consideration  also. 

Mr.  Tipper's  address  was  followed  by  the  complete  seven- 
reel  film  "Electricity  in  the  Motor  Vehicle,"  produced  by  the 
North  East  Electric  Co.,  showing  graphically  an  outline  of 
the  development  of  electricity  and  its  special  use  in  the  auto- 
mobile. 


A  MOST  IMPORTANT  PROBLEM 


WE  believe  that  the  great  problems  of  highway  transpor- 
tation have  received  far  less  attention  from  automotive 
engineers  than  they  deserve.  Some  of  the  remarks  of  A.  J. 
Brosseau  quoted  below  from  a  recent  address  emphasize  this 
point. 

Transportation  is,  perhaps,  the  most  vital  factor  in 
the  lives  of  all  of  us.  How  much  attention  have  you 
given  it  in  your  text-books  and  in  your  class-room 
work? 

How  do  you  define  transportation? 

Are  you  thinking  of  it  as  it  was  20  years  ago,  when 
the  railroad  was  the  only  carrier,  or  do  you  think  of 
it  in  terms  of  the  highly  complex  relationships  of  to- 
day, when  we  have  highway,  waterway,  electric  and 
steam  rail  lines,  and  very  soon  airways,  to  be  corre- 
lated? 

Are  you  dealing  with  it  as  it  will  be  in  the  future, 
when  these  agencies  may  overturn  all  of  our  accepted 
theories  of  economics,  social  life  and  political  boun- 
daries? 

Have  you  taken  into  account  the  fact  that,  our  high- 


way transport  has  already  injected  new  factors  into 
our  economics? 

Do  you  understand  the  relation  between  the  high- 
way and  the  vehicle  and  the  important  service  they 
render  to  the  public?  Do  you  know  that  the  highway 
and  the  vehicle  together  constitute  a  great  factory, 
which  produces  the  commodity  we  call  transportation? 

Do  you  realize  the  importance  of  these  factors  in 
the  financial  scheme  of  things,  and  are  you  prepared 
to  assist  in  developing  sound  theories  not  alone  of 
finance,  but  of  the  actual  physical  structure  of  road 
and  vehicle? 

Do  you  know  that  transportation  is  today  the  most 
important  problem  confronting  the  Nation,  and,  if  we 
are  to  arrive  at  sound  conclusions,  is  one  that  requires 
the  best  efforts  of  the  most  efficient  research  men  ob- 
tainable? 

Has  it  ever  occurred  to  you  that  the  highways  are 
not  built  for  the  individual  owners,  but  for  the  public, 
and  that  the  privately  owned  vehicles  operating  over 
the  roads  are  in  reality  mere  agencies  for  the  con- 
venience and  comfort  of  th:s  same  public? 


SULPHATION  RATE  OF  STORAGE-BATTERY  PLATES 


STORAGE-BATTERIES  have  recently  come  into  very  ex- 
tensive use  particularly  in  connection  with  automobiles, 
and  anything  dealing  with  the  proper  method  of  caring  for 
such  batteries  is,  therefore,  of  considerable  general  interest. 
The  life  and  efficiency  of  storage-batteries  depend  upon  the 
purity  of  the  materials  used  in  constructing  the  plates  and 
on  the  purity  of  the  electrolyte.  But  little  exact  information 
is  available  on  the  effect  of  impurities  in  the  solution  that 
serves  as  the  electrolyte,  and  the  methods  ordinarily  employed 


for  determining  the  effect  of  such  impurities  are  time-con- 
suming and  often  inaccurate. 

A  new  method  has  been  devised  by  the  Bureau  of  Stand- 
ards for  measuring  the  rate  of  sulphation  of  the  plates  re- 
sulting from  local  action.  This  method  is  rapid  and  accurate 
but  requires  some  special  apparatus.  By  this  method  a  study 
has  been  made  of  the  rate  of  sulphation  of  both  positive  and 
negative  plates  in  solutions  of  varying  concentration.  This 
is  only  the  first  step  in  a  more  extended  investigation. 


OBITUARY 


William  MacGlashan,  passenger-car  engineer  for  the 
Studebaker  Corporation  .of  America,  Detroit,  died  at  his 
residence  in  that  city  Feb.  22,  1923,  aged  46  years.  He  is 
survived  by  his  wife  and  two  daughters.  He  was  born  July 
12,  1876,  in  Rothsey,  Scotland,  and  received  his  general  and 
technical  education  in  Glasgow  and  the  West  of  Scotland 
Technical  College. 

His  early  practical  experience  between  1894  and  1901  was 
with  several  manufacturing  companies  abroad;  but  in   Sep- 


tember, 1901,  he  became  connected  with  the  Winton  Co., 
Cleveland,  and  continued  in  its  service  until  March,  1903, 
at  which  time  he  was  a  designer.  Following  his  European 
trip  in  1903,  he  was  chief  draftsman  and  assistant  engineer 
for  the  Winton  Co.  until  April,  1912,  then  becoming  chief 
engineer  of  the  Studebaker  Co.,  at  South  Bend,  Ind.,  until 
July,  1913,  when  he  came  to  Detroit  in  the  interest  of  the 
same  company.  He  was  elected  to  Member  grade  in  the 
Society,  Dec.  22,  1913. 
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ALTHOUGH  the  secretarial  work  of  the  S.A.E.  Standards 
Committee  necessitates  sending  out  a  large  number  of 
questionnaires  and  reports,  a  new  system  of  circularization 
has  been  instituted  which  it  is  hoped  will  lessen  the  amount 
of  work  required  of  members  in  placing  data  and  comments 
before  the  proper  Divisions  of  the  Standards  Committee. 

Information  has  been  requested  from  every  passenger-car, 
motor-truck  and  engine  builder  as  to  the  proper  individual 
to  receive  S.A.E.  Standards  correspondence.  Addressograph 
plates  giving  the  names  and  addresses  of  these  individuals 
will  be  classified,  by  the  use  of  a  24-place  flag  system,  so  that 
letters  may  be  sent  readily  to  only  the  particular  companies 
interested  in  the  subject  matter  of  each  letter.  Thus  it  will 
be  possible  for  a  report  of  the  Engine  Division,  for  example, 
of  interest  to  engine  builders  to  be  sent  to  the  proper  indi- 
viduals connected  with  each  engine  company  and  passenger- 
car  and  motor-truck  builders  making  their  own  engines. 

As  a  closer  contact  will  be  established,  only  one  follow-up 
letter  will  be  sent  out.  This  letter  will  call  attention  to  the 
original  letter  and  request  an  answer  or  acknowledgment. 
Follow-up  letters  are  sent  because  it  is  recognized  that  fre- 
quently it  is  impossible  to  answer  standards  communications 
immediately  and  that  they  are  put  aside  and  sometimes  over- 
looked. 

In  case  standards  communications  on  various  subjects 
should  be  sent  to  different  individuals  in  one  company,  the 
Society  should  be  informed  as  such  a  division  of  correspon- 
dence can  be  taken  care  of  easily. 

Status  of  Important  Subjects 

The  number  following  each  of  the  subjects  listed  indicates 
the  number  of  months  its  status  has  remained  substantially 
unchanged.  An  asterisk  means  its  status  has  changed  dur- 
ing the  last  month. 

AGRICULTURAL  POWER  EQUIPMENT  DIVISION 
C.  B.  Rose,  Chairman 

Tractor    Belts    and    Pulleys     (1) — Subdivision    report 

awaiting  Division  action 
Tractor  Plowing  Speeds    (3) — Report  to  be   submitted 

by  O.  B.  Zimmerman 

AXLE  AND  WHEELS  DIVISION 
C.  C.  Carlton,  Chairman 

Differential  Gears  * — Subdivision  report  to  be  sub- 
mitted by  S.  O.  White 

Passenger-Car  Front  Axle  Hubs  (1) — Awaiting  final 
Division  action 

BALL  AND  ROLLER  BEARINGS  DIVISION 
F.  W.  Gurney,  Chairman 

Roller  Bearings  (1) — Subdivision  report  to  be  sub- 
mitted by  F.  E.  Moskovics 

ELECTRIC   VEHICLE  DIVISION 
E.  L.  Clark,  Chairman 

Battery   Trays   for   Electric   Trucks  * — Awaiting   Divi- 

•  sion  action 
Lamp  Bulbs  for  Electric  Vehicles   (9)- — Awaiting  Divi- 
sion action 

ELECTRICAL    EQUIPMENT    DIVISION 
F.  W.  Andrew,  Chairman 

Magnet  Wire  (8) — Subdivision  report  to  be  submitted 
by  Charles  Marcus 


ENGINE  DIVISION 
J.  B.  Fisher,  Chairman 

Engine    Numbers    (3) — Awaiting    results    of   tests   by 

Underwriters'  Laboratories 
Poppet   Valves  * — Subdivision    report   to   be    submitted 

by  W.  C.  Willard.     A  progress  report  is  contained 

elsewhere  in  this  article. 

FRAMES    DIVISION 
W.  A.  McKinley,  Chairman 

Motor-Truck    Frames    (5) — Subdivision    report    to    be 
submitted  by  W.  A.  McKinley 

IRON  AND  STEEL  DIVISION 
F.  P.  Gilligan,  Chairman 

Sheet  Steel  (1) — Subdivision  report  to  be  submitted  by 
J.  M.  Watson 

LIGHTING  DIVISION 
W.  A.  McKay,  Chairman 

Bases,    Sockets   and   Connectors    (10) — Subdivision   re- 
port to  be  submitted  by  C.  E.  Godley 

PARTS   AND  FITTINGS   DIVISION 
W.  C.  Keys,  Chairman 

Brake-Linings    (23) — Report   to  be  submitted  by   Sub- 
division 

PASSENGER-CAR  DIVISION 
R.  S.  Begg,  Chairman 

Brake-Tests   (10) — Report  to  be  submitted  by  Subdivi- 
sion 
Frame  Numbers  (3) — Awaiting  results  of  tests  by  Un- 
derwriters' Laboratories 


PASSENGER-CAR  BODY  DIVISION 
A.  J.  Neerken,  Chairman 
Aluminum    Molding  * — Awaiting    report    from    W. 


D. 


Foote 
Brass  Molding  * — Awaiting  report  from  F.  G.  Smith 
Paints,   Varnishes   and    Enamels    (2) — Subdivision   re- 
port to  be  submitted  by  C.  D.  Holley 
Steel  Molding  * — Awaiting  report  from  E.  W.  Sellstrom 

TRANSMISSION   DIVISION 
A.  C.  Bryan,  Chairman 

Clutch  Standardization    (11) — Subdivision  report  to  be 
submitted  by  D.  E.  Gamble 

TRUCK  DIVISION 
A.  J.  Scaife,  Chairman 

Motor-Truck  Cabs   (1) — Report  awaiting  final  Division 
action 

Annular  Ball  Bearings 

At  the  Ball  and  Roller  Bearing  Division  meeting  held  in 
April,  1922,  the  Division  tentatively  approved  the  adoption 
of  the  minimum  corner-radii  specifi.ed  by  the  German  Stand- 
ards Committee  in  place  of  the  radii  specified  in  the  present 
S.A.E.  Standards  for  ball  bearings. 

Difficulty  has  since  been  experienced  in  changing  over  pro- 
duction to  the  corner  radii  specified  by  the  German  Stand- 
ards Committee.  It  has  developed  that  the  corner  radii  are 
too  large  on  most  of  the  small  sizes  up  to  about  bearing 
No.  212.     There  is  not  sufficient  room  for  the  standard  rings 
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and  further  complications  arise  in  the  allowance  for  grind- 
ing. This  subject  will  therefore  be  reopened  at  the  next 
meeting  of  the  Division. 

Charging-Plugs  and  Receptacles 

The  following  report  on  the  subject  of  charging-plugs  and 
receptacles,  submitted  by  J.  G.  Carroll  of  the  Electric  Vehicle 
Division,  will  be  discussed  at  the  next  meeting  of  the  Divi- 
sion. 

It  is  recommended  that  the  following  revisions  be 
made  in  the  S.A.E.  Standard  for  Charging-Plugs  and 
Receptacles,  p.  B38  of  the  S.A.E.  Handbook: 

The  capacity  of  the  smaller-size  charging-plug 
and  receptacle  changed  from  50  to  100  amp. 

Dimension  J  of  the  smaller  size  changed  from 
1%  to  1%  in. 

The  note  in  reference  to  the  capacity  changed 
to  read,  "The  National  Board  of  Fire  Underwrit- 
ers has  tested  receptacles  and  plugs  of  the  di- 
mensions and  ratings  specified  with  an  overload 
of  50  per  cent." 

In  taking  up  the  question  of  receptacles  and  plugs 
with  various  truck  owners  and  garage  operators,  it 
became  evident  that  there  are  objections  to  the  use  of 
the  smaller  size  on  street  trucks  on  account  of  the 
desire  for  complete  interchangeability  of  various  trucks 
on  all  charging  circuits.  The  majority  of  trucks  have  ■ 
the  larger  size  and  the  use  of  the  smaller  size  tends  to 
increase  the  difficulty  of  servicing.  It  is  recommended 
that  this  question  be  referred  to  the  Electric  Vehicle 
Division  for  further  consideration. 

E.  L.  Clark  has  submitted  a  report  on  the  standardization 
of  battery  trays  for  underslung  compartments. 

Lamp  Voltage 

W.  A.  Chryst,  of  the  Dayton  Engineering  Laboratories  Co., 
has  raised  the  question  of  short  life  of  lamp  bulbs.  Mr. 
Chryst's  comments  are  appended  hereinafter,  together  with 
abstracts  of  replies  received  commenting  on  his  letter.  The 
matter  has  been  referred  to  the  Lighting  Division  for  con- 
sideration. 

The  Dayton  Engineering  Laboratories  Co. 

We  are  continually  receiving  complaints  of  short  life 
of  head-lamp  bulbs.  Most  head-lamp  bulbs  are  marked 
"6  to  8  volts,"  which  might  mean  anything.  As  a  mat- 
ter of  fact,  in  the  winter  time  it  is  not  uncommon  for 
the  battery  voltage  to  rise  to  8V2  or  8%  and  sometimes 
even  to  9  volts,  as  can  be  demonstrated  readily  by 
mounting  a  voltmeter  on  the  dash  and  connecting  it 
to  the  generator  and  the  battery  circuit.  The  voltage 
is  especially  high  when  the  car  is  not  kept  in  a  warm 
garage. 

The  trend  of  legislation  is  insistence  upon  lenses 
and  dimming  devices  to  cut  down  the  brilliance  of  the 
head-lamps  and  accordingly  it  seems  that  the  lamp 
manufacturers  are  wrong  when  they  try  to  get  effi- 
ciency and  high  economy  from  lamp  bulbs  instead  of 
long  life  and  durability. 

Automobile  lighting  conditions  are  not  in  any  way 
parallel  to  those  of  commercial  lighting,  where  effi- 
ciency and  economy  are  of  greatest  importance. 

W.  A.  Chryst,  Chief  Engineer. 

Edison  Lamp  Works 

The  range  of  conditions  in  automobile  service  is 
enormous.  The  lamp  manufacturers  have  carried  on 
very  careful  voltage  surveys  covering  thousands  of 
cars,  batteries  and  generating  systems.  In  these  sur- 
veys we  have  secured  data  showing  the  variation  of 
the  voltage  at  the  lamp  socket  with  the  engine  speed 
for  different  makes  of  car,  different  makes  of  gen- 
erating system  and  cars  of  various  ages  of  the  same 
make. 


We  have  secured  data  on  the  voltage-drop  through 
the  switches,  the  wiring  and  the  sockets;  and  on  the 
average  lamp-load  used  under  various  conditions  of 
driving,  both  city  and  country,  summer  and  winter, 
on  well  lighted  and  poorly  lighted  streets  and  with 
cars  parking;  on  the  average  mileage  of  cars  in  city 
and  country  driving;  on  the  percentage  of  time  the 
lamps  are  operated  at  the  various  speeds;  on  the  con- 
dition of  the  storage-batteries  in  service;  and  on  the 
charging  rates  of  the  various  generating  systems.  In 
addition  to  this  information  we  have  listed  the  total 
number  of  cars  of  each  make  in  use  in  the  country. 
From  this,  the  design  voltage  for  various  lamps  that 
will  give  the  best  all-around  average  and  most  econom- 
ical service  to  the  consumer  is  figured  out. 

It  would  be'  practically  impossible  to  furnish  lamps 
that  would  be  best  for  all  of  the  various  conditions. 
If  we  tried  to  furnish  lamps  to  meet  all  of  the  possible 
conditions,  and  the  varying  characteristics  of  different 
makes  this  would  unquestionably  result  in  much  incon- 
venience to  the  public ;  in  many  cases  the  wrong  lamp 
would  be  supplied.  The  net  result  would  be  very  poor 
service. 

Twenty-one  candlepower  is  required  by  law  in  a 
great  many  States.  It  is  obvious  that  obtaining  this, 
together  with  long  lamp-life,  would  require  a  low- 
efficiency  lamp  that  would  consume  a-  greater  amount 
of  current  from  the  battery  than  the  present  lamps 
consume. 

The  slight  saving  in  lamp  renewals  would  not  begin 
to  offset  the  trouble  and  the  cost  of  run-down  batteries; 
we  have  trouble  enough  from  that  during  cold  weather 
at  present.  Also,  long-life  lamps  would  be  initially  so 
inefficient  that  at  times  when  the  battery  voltage  was 
low,  their  light  would  be  insufficient  to  meet  the  legal 
requirements  or  to  give  a  satisfactory  driving-light. 
L.  C.  Porter,  Commercial  Engineering 
Department. 

General  Motors  Research  Corporation 

I  am  convinced  that  much  can  be  done  to  assist  the 
lighting  situation  by  setting  reasonable  standards  of 
construction  for  the  lamps  and  the  wiring. 

Some  lamp-makers  are  using  steel  sockets  for  the 
lamps,  which  rust.  Steel  reflectors  are  used  without 
flexible  connections,  with  the  result  that  the  rusting 
of  the  reflector  stamping  and  of  the  steel  clamps  hold- 
ing it  give  bad  ground-connections.  I  suggest  for 
consideration  the  possibility  of  standardizing  some  of 
the  vital  details  of  lamp  construction.  I  imagine  that 
the  lamp-makers  would  have  no  objection  to  having 
improved  standards  set,  and  that  the  present  situation 
is  the  result  of  too  much  "purchase-department  engi- 
neering." 

J.  H.  Hunt,  Head  of  the  Electrical  Division. 

Guide  Motor  Lamp  Mfg.  Co. 

While  I  have  no  definite  data  on  the  subject,  I  be- 
lieve that  the  higher-priced  cars,  on  which  are  found 
the  more  efficient  electrical  circuits,  have  the  most 
trouble  with  bulbs  burning-out.  In  other  words,  the 
car  builder  who  endeavors  to  decrease  the  resistance 
between  the  battery  and  the  bulb  is  being  penalized 
for  his  good  intention  by  the  fact  that  the  majority  of 
cars  are  not  built  with  electric  circuits  of  the  same 
quality.  Naturally,  the  bulb  manufacturers  make  the 
bulbs  to  give  the  best  average  service,  which,  of  course, 
is  controlled  by  the  medium-priced  rather  than  the 
higher-priced  cars. 

C.  A.  Michel,  Chief  Engineer. 

National  Lamp  Works 

The  few  cars  with  which  difficulty  is  experienced  are 
in  almost  all  cases  cars  in  which  a  special  effort  has 
been    made   to   keep   the   battery   fully   charged   at   all 
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times  during  the  coldest  weather,  without  regard  to 
the  service  required  of  the  car.  In  general,  the  charg- 
ing rate  is  set  so  high  that  gassing  of  the  battery  takes 
place  even  with  the  full  lighting-load  turned-on.  The 
characteristics  of  the  lead-acid  storage-battery  are 
such  that  the  voltage  increases  gradually  until  gassing 
starts,  at  which  time  a  sharp  voltage-rise  occurs. 
Where  the  normal  operating  condition  of  the  battery 
is  a  gassing  one,  abnormally  high  voltages  at  the  lamps 
can  be  expected.  The  effect  of  gassing  on  the  voltage 
can  be  readily  demonstrated  by  cranking  the  engine 
with  the  ignition  off  for  1  min.  on  a  car  showing  an 
extremely  high  voltage.  This  will  discharge  the  bat- 
tery slightly,  but  enough  to  eliminate  gassing  when 
charging  again  takes  place  and  it  will  be  found  that 
the  voltage  at  the  lamps  has  dropped  considerably. 

Lamps  are  designed  for  a  life  materially  longer 
than  necessary  to  meet  the  average  night-operation 
requirements  of  the  average  car  for  a  period  of  1  year. 
Satisfactory  candlepower  and  life  undoubtedly  are  ob- 
tained with  a  large  proportion  of  the  cars  in  service. 
High-voltage  conditions  give  trouble  in  some  cases  but, 
on  the  other  hand,  serious  difficulty  is  experienced  in 
an  even  larger  number  of  cases  through  insufficient 
candlepower.  The  need  for  adequate  road  illumination 
is  expressed  in  an  analysis  of  accidents  by  the  State 
of  Massachusetts  showing  that  25  per  cent  of  all  night- 
accidents  in  that  State  were  due  to  improper  lighting; 
7M>  per  cent  resulted  from  glare,  and  17 Yz  per  cent 
were  due  to  insufficient  light.  Low-candlepower  condi- 
tions must  be  given  due  consideration  as  they  have  a 
most  important  bearing  on  the  safety  of  the  driver 
and  his  passengers.  From  its  very  nature,  trouble 
from  insufficient  light  does  not  present  itself  nearly  as 
forcibly  at  a  given  time  as  does  short  lamp-life. 

High-voltage  difficulties  have  come  up  from  time  to 
time  and  in  general  have  been  remedied  at  the  service- 
stations  by  turning  on  the  maximum  lighting-load  for 
5  or  6  hr.  with  the  engine  stopped  to  discharge  the 
battery  partially  and  also  reducing  the  charging  rate 
to  a  point  where  the  battery  is  kept  well  charged,  but 
below  the  gassing  point  when  the  lights  are  on.  An- 
other remedy  that  may  appeal  to  the  car  builders  and 
will  give  fairly  satisfactory  results  if  used  intelli- 
gently is  that  of  adding  an  extra  point  on  the  switch 
by  which  the  motorist  may  insert  a  low  resistance  in 
the  lighting  circuit  at  times  when  the  voltage  condi- 
tions are  so  high  as  to  cause  trouble 

The  degree  of  satisfaction  resulting  with  the  above- 
named  expedients  will  depend  to  a  large  extent  upon 
the  judgment  exercised  by  the  motorist.  They  simply 
tend  to  reduce  rather  than  correct  the  difficulty.  The 
real  solution  appears  to  be  in  the  hands  of  the  auto- 
mobile builders  through  a  decided  reduction  in  the  tre- 
mendous voltage-range  now  found  in  service.  Voltage 
regulators  in  the  battery-generator  circuit  appear  to 
have  possibilities  that  unfortunately  can  hardly  be 
taken  advantage  of  in  cars  already  in  service.  Uni- 
form voltage-conditions,  however,  cannot  be  expected 
unless  the  regulator  is  incorporated  directly  in  the 
lighting  circuit. 

Aside  from  voltage  regulators  there  are  a  number  of 
things  that  the  car  builders  could  do  to  reduce  the 
voltage  range: 

(1)  Standardize  the  resistance  in  all  electrical 
circuits  with  particular  attention  to  the 
switches,  the  sockets,  the  fuses  and  their 
clips,  the  circuit-breakers,  etc.  Some  idea  of 
the  need  of  such  standardization  may  be 
gathered  from  the  results  of  tests  on  cars 
equipped  with  6  to  8-volt  systems  in  which 
the  voltage-drops  from  the  batteries  to  the 
head-lamps  varied  from  0.21  to  1.43  volts 

(2)  Provide  generators  and  batteries  of  suffi- 
cient capacity  to  keep   the  batteries  reason- 


ably   well    charged   under   all   ordinary   tem- 
perature conditions 

(3)  Provide  generators  with  characteristics  such 
that  the  cut-in  occurs  at  a  fairly  low  car- 
speed  and  the  maximum  charging-current  is 
reached  at  or  below  average  driving  speeds 

(4)  Replace  the  dimming  i-esistance  in  the  head- 
lamp circuits  with  2-cp.  side  or  auxiliary 
lamps  to  assist  in  keeping  the  batteries 
charged  in  case  the  drivers  park  considerably 
more  than  the  average  time 

(5)  Issue  uniform  instructions  to  service-stations 
regarding  charging  adjustments 

H.  H.  Magdsick. 

White  Motor  Co. 

We  believe  that  the  bulb  bases,  the  sockets,  the  bay- 
onet locks,  the  connectors  and  other  parts  should  have 
not  only  less  electrical  resistance  but  greater  mechan- 
ical strength. 

The  bulb  failure  in  automobile  lighting,  especially  on 
trucks  and  buses,  is,  we  believe,  due  primarily  to  the 
frail  mechanical  principles  employed  in  the  design. 
There  is  not  a  lamp  manufacturer  today  using  good, 
rigid  substantial  bulb-sockets  or  connectors. 

A.  J.  Scaife,  Chief  Factory  Service  Engineer. 

POPPET   VALVES 

In  August  1922  a  Subdivision  of  the  Engine  Division  was 
appointed  to  revise  and  extend  the  present  S.A.E.  Standard 
for  Poppet  Valves,  p.  A4  of  the  S.A.E.  Handbook.  W.  S. 
Willard  was  appointed  chairman,  the  other  members  being 
J.  B.  Fisher,  of  the  Waukesha  Motor  Co.,  W.  H.  Spire,  of 
Steel  Products  Co.,  and  M.  W.  Wilcox,  of  the  Wilcox  Motor 
Mfg.  Co. 

A  preliminary  report  was  submitted  recently  for  the  con- 
sideration of  the  engine  builders.  If  it  meets  with  general 
approval,  it  will  be  transmitted  to  the  engine  Division  for 
approval.  The  preliminary  report  of  the  Subdivision  fol- 
lows: 

POPPET  VALVES  WITH  CAST  IRON   HEADS 

(1)  Poppet-valve  sizes,  known  by  the  diameter  of  the 
ports  that  they  close,  shall  vary  by  increments 
of  %  in. 

(2)  The  outside  diameter  of  a  valve  shall  exceed  the 
largest  diameter  of  the  cylinder-seat  by  amounts 
shown  in  the  accompanying  table.  The  small  di- 
ameter of  the  valve-seat  shall  be  less  than  the 
port-diameter  by  1/32  in. 

(3)  The  over-all  length  shall  be  considered  as  being 
measured  from  the  top  of  the  valve-seat  to  the  tip 
of  the  stem 

(4)  The  position  and  the  length  of  the  valve-stem 
guide  with  the  valve  in  its  closed  position,  shall  be 
shown  on  all  valve  drawings  as  indicated  in  the 
accompanying  illustration 

(5)  The  specified  stem-diameter  limts  shall  be  meas- 
ured within  this  guide  position  and  shall  apply  to 
that  portion  of  the  stem  only 

(6)  There  shall  be  a  chamfer  on  the  tip  of  valve-stems 
whose  angle  shall  be  45  deg.  with  the  center-line 
of  the  valve  and  whose  width  shall  be  as  given  in 
the  accompanying  table 

(7)  There  shall  be  a  minimum  length  of  unfinished 
stem-stock  projecting  below  the  head  of  3/32  in. 

(8)  There  shall  be  a  ground  clearance-length  between 
the  top  of  the  valve-stem  guide  position  and  the 
unfinished-stem  portion  of  not  less  than  %  in. 

(9)  There  shall  be  a  standard  method  of  inspecting 
and  measuring  the  truth  of  the  valve-seat  with 
respect  to  the  valve-stem.  The  method  shall  con- 
sist of  rolling  the  valve  in  V-blocks  placed  within 
the  limits  of  the  valve-stem  guide  position  while 
the  valve  is  held  against  a  fixed  stop  bearing 
against   the   center   of   the  tip   of   the   valve-stem. 
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DIMENSIONS   FOR   CAST-IRON-HEAD    POPPET-VALVES 
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A.   E.   Steel   No.   1020. 

The    indicator   shall    bear   against  the    valve-seat 
and  its  readings  taken  while  the  valve  is  rotated 

(10)  The  seat  angle  shall  be  45  deg.  with  the  center- 
line  of  the  valve 

(11)  Where  a  slot  is  used  in  the  valve-head  for  the 
purpose  of  grinding,  its  dimensions  shall  be  as 
shown  in  the  accompanying  table.  Two  drilled 
holes  may  be  used  as  optional  design  for  this 
purpose,  in  which  case  their  dimensions  shall  be 
as  shown 

(12)  Valve-stem  tips  shall  be  case-hardened  before 
finish-grinding  the  stem  and  should  show  a  sclero- 
scope  hardness  of  45  plus 

(13)  Valve-stem  lengths  shall  vary  by  increments  of 
V4   in. 

(14)  Fractional  dimensions  shall  be  subject  to  limits 
of  plus  and  minus  0.010  in. 

(15)  Valve-stem  lengths  shall  be  specified  in  frac- 
tional dimensions 

(16)  Valve-stem  diameters  shall  take  machining  limits 
of  plus  and  minus  0.0005  in.,  as  specified  in  (5), 
these  limits  to  be  inspected  by  "snap  gages"  or 
equivalent  means 

(17)  Valve-seats  must  run  true  with  valve-stems  as 
specified  in  (9),  within  0.003-in.  indicator  reading 
and  shall  be  free  from  visible  chatters 

(18)  Valve-head  dimensions  shall  be  as  specified  in 
the  accompanying  table 

(19)  The  type  of  spring-retaining  mechanism  used 
shall  be  optional 

Sheet  Steel 

The  Committee  on  Testing  Sheet  Steel,  which  is  working 
under  the  Sheet  Steel  Subdivision  of  the  Iron  and  Steel  Divi- 


sion, has  held  several  meetings  to  formulate  methods  of  test> 
ing  sheet  steel  that  will  be  used  as  a  basis  for  a  sheet-steel 
standard. 

Stationary-Engine  Belt-Speeds 

At  the  last  meeting  of  the  Stationary-Engine  Division  the 
work  that  has  been  done  on  the  standardization  of  station- 
ary engine  belt-speeds  was  reviewed  and  the  following  recom- 
mendation approved  as  tentative  S.A.E.  Recommended  Prac- 
tice. 

STATIONARY-ENGINE   BELT-SPEEDS 


Rated  Engine  Power, 
Hp. 

1% 

2 

3 

4 

5 

6 

7 

8 

9 
10 
12 
15 


Belt  Speed, 
Ft.  per  Min. 

600 
750 
950 
1,125 
1,275 
1,400 
1,500 
1,600 
1,650 
1,700 
1,800 
1,900 

The  belt  speeds  for  portable  engines  of  10  hp.  and  larger 
shall  be   2600   ft.   per  min.,   tractor  belt-speed  standard. 

The  variation  in  belt  speeds  shall  not  exceed  5  per  cent 
above  or  below  those  specified. 

March    1923    Issue  of  Data  Sheets 

The  March  1923  issue  of  data  sheets  for  the  S.A.E.  Hand- 
book will  be  sent  to  the  members  early  in  April.  It  is  im- 
portant" that  members  using  the  S.A.E.  Handbook  in  their 
work  should  check  their  Handbooks  so  that  they  may  be  sure 
that  all,  as  well  as  the  most  recent,  sheets  issued  to  date 
have  been  inserted  properly.     A  check  list  of  all  the  S.A.E. 
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Handbook  pages  and  their  latest  publication  dates  is  given 
on  the  first  sheet  of  the  March  issue  of  data  sheets.  These 
dates  should  be  checked  to  the  dates  under  the  emblems 
appearing  at  the  bottom  of  each  right-hand  data  sheet  to 
verify  completeness  and  up-to-dateness. 

Report  on  Semi-Annual  Letter-Ballot 

The  proposed  standards  and  recommended  practices 
printed  on  p.  529  of  the  December  1922  issue  of  The  Journal 
and  approved  at  the  Standards  Committee  Meeting  in  New 
York  City  on  Jan.  9,  1923,  were  approved  by  the  Society 
Members  in  the  letter  balloting  that  closed  on  March  12. 
The  complete  vote  on  all  of  the  recommendations  considered 
is  recorded  in  the  accompanying  table.  The  first  column 
gives  the  number  of  affirmative  votes;  the  second  column  the 
number  of  negative  votes;  and  the  third  column  the  number 
of  Members  who  do  not  vote  either  way. 


Subject  Yes  No 
Passenger-Car  Front-Axle  Hubs  152  3 
Roller  Chains  and  Roller-Chain  Sprock- 
ets 112  0 
Electric  Vehicle  Motors  76  0 
Generator  Flange  Mountings  165  0 
Starting-Motor    Flange    Mountings 

(Outboard  Type)  162  0 


Not 

Voting 

163 

206 
242 
153 

156 


Subject 
Starting-Motor    Flange    Mountings 
(Inboard  Type) 

Starting-Motor  Pinions 

Magneto  Mountings 

Spark-Plugs 

Flywheel  Housings 

Running-Board  Brackets 

Iron  and  Steel  Specifications 

Electric  Incandescent  Lamps 

Tail-Lamp  Illumination 

Crankcase  Lubricating  Oils 

Automobile  Nomenclature 

Plain  Washers 

Rod-Ends 

Door-Locks  and  Handles 

Wood-Screws 

Plate  Glass 

Gages  and  Gaging 

Ratings    of    Storage-Batteries    for 
Isolated  Electric-Lighting  Plants 

Storage-Battery  Monobloc  Contain- 
ers 

Clutch  Facings 

Vertical  Dumping-Hoist  Platforms 

Three-Joint  Propeller-Shafts 

Body  Hold-Down  Clamps 


Not 

Yes    No 

Voting 

161 

0 

157 

158 

0 

160 

154 

0 

164 

170 

2 

146 

158 

0 

160 

135 

1 

182 

193 

2 

123 

144 

2 

172 

136 

1 

181 

137 

9 

172 

188 

2 

128 

180 

0 

138 

176 

1 

141 

104 

1 

213 

112 

1 

205 

103 

2 

213 

169 

0 

149 

103 

3 

212 

103 

2 

213 

155 

0 

163 

98 

1 

220 

117 

1 

200 

113 

2 

203 

LIVING-WAGE  FOR  FARMERS 


AXTHEN  the  industrial  worker  gets  a  grasp  on  the  fact 
»  »  that  farming  as  an  industry  is  four  times  greater  than 
the  railroads  of  America,  so  far  as  the  capital  invested  is 
concerned,  his  respect  for  the  magnitude  of  the  farming  in- 
dustry is  bound  to  be  somewhat  increased.  In  1921  there 
were  1,580,000  railroad  workers  in  this  Country,  as  against 
10,674,534  employed  on  farms.  The  total  number  of  men 
employed  in  iron  and  steel  mills  and  plants  making  iron  and 
steel  products,  like  machinery  and  hardware,  is  but  1,585,712. 
In  short,  more  than  one-fourth  the  persons  engaged  in  gain- 
ful occupations  in  this  Country  are  on  farms. 

There  are  121,040  industries  that  depend  upon  the  farmer 
for  their  raw  materials;  they  employ  3,074,798  wage- work- 
ers, to  whom  they  pay  $3,091,157,771  in  wages.  The  output 
of  these  industries  is  valued  at  $27,560,583,389. 

In  1921  the  average  return  of  the  farmers  of  the  United 
States  for  labor,  risk  and  management  was  $183 !  At  5  per 
cent  the  interest  on  his  investment  averaged  $610,  making 
a  total  of  $793.  But  the  only  figure  calling  for  a  compari- 
son with  the  wages  of  the  industrial  worker  is  $183.  In  1921 
the  average  earning  of  the  raiiroad-shop  worker  was  $1,506, 
or  more  than  eight  times  what  the  average  farmer  received 
for  his  labor.  The  miner  did  still  better,  scoring  an  average 
of  $1,779.  And  yet  we  heard  considerable  from  the  railroad- 
shop  worker  and  the  miner  about  the  fact  that  they  were 
not  being  paid  a  "living-wage." 

Legislation  is  needed  to  remove  certain  handicaps  under 
which  the  farmer  is  laboring,  but  that  will  not  restore  the 
balance  between  the  farmer's  reward  and  the  industrial 
wage-worker's  pay-check.  It  will  merely  help  a  little.  The 
farmer  needs  all  the  little  helps  he  can  get.  And  he  is  in  a 
position  to  get  about  what  he  insists  upon  in  the  way  of 
legislation  from  the  present  Congress.  If  legislation  could 
insure  his  prosperity  he  soon  would  be  on  the  high  road 
toward  that  much  to  be  desired  goal. 


There  is  undoubtedly  a  strong  inclination  on  the  part  of 
farmers  who  intend  to  continue  in  production  to  cut  down  its 
volume.  What  is  perhaps  more  to  the  point  is  the  fact  that 
thousands  upon  thousands  of  farmers  have  lately  deserted 
farming  and  sought  jobs  in  industry.  The  desertion  from 
the  ranks  of  farmers  since  1920  has  been  on  a  wholesale 
scale.  But  even  in  1920  there  were  1,573,543  fewer  people 
on  the  farms  of  this  Country  than  in  1910,  in  spite  of  our 
huge  population  increase.  This  process  of  farm  desertion  is 
bound  to  continue  until  Europe  is  again  a  good  and  active 
buyer  of  American  farm  products.  The  thinking  farmer 
has  a  settled  conviction  that  it  will  be  a  long  time  before 
Europe  will  afford  him  much  nourishment  as  a  customer  for 
farm  products.  He  is  not  counting  on  that  outlet  and  his 
mind  is  decidedly  busy  with  the  problems  of  decreased  pro- 
duction. He  is  inclined  to  feel  that  he  has  been  very  busy 
"killing  the  job,"  as  the  union  worker  puts  it,  and  that  it 
is  about  time  for  him  to  pass  up  to  the  industrial  worker  the 
same  brand  of  output  restriction  that  the  organized  worker 
in  industry  has  been  passing  to  his  employer.  The  farmer  is 
thinking  of  "slowing  down,"  too.  Respecting  the  readjust- 
ments of  freight  rates,  so  as  to  shift  some  of  the  burden  now 
resting  on  raw  materials  from  the  farm  to  the  shoulders  of 
fabricated  products  carrying  the  cost  of  industrial  labor,  the 
farmer  can  and  will  exert  a  powerful  pressure  and  will  prob- 
ably secure  substantial  results. 

There  is  one  outstanding  tendency  among  all  farmers,  that 
of  giving  less  thought  to  production  and  more  to  marketing. 
They  have  acquired  a  stubborn  conviction  that  somehow  they 
will  have  more  to  say  than  heretofore  about  the  prices  at 
which  they  sell  their  products.  Some  have  rather  wild 
theories  as  to  how  this  may  be  accomplished.  But  there  is  a 
strong  mass  determination  to  achieve  this  end  by  any  and 
every  means  possible. — Forrest  Crissey  in  Journal  of  tht 
American  Bankers  Association. 
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Applicants 

for 

Membership 


The  applications  for  membership  received  between  Feb. 
15  and  March  15.  1S23,  are  given  below.  The  members  of 
the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Adams,  James  R.,  superintendent  of  research  department  and  plant 
metallurgist,  Midvale  Steel  &  Ordnance  Co.,  Philadelphia. 

Aitken,    Leon    L.,    chief    tool    designer,    Puller    &    Sons    Mfg.    Co., 
Kalamazoo.   Mich. 

Arnold,  Charles  F.,  student.  University  of  Cincinnati,   Cincinnati. 

Ballentine,  William   I.,   vice-president,   Advance-Rumely   Co.,   La 

Porte,  I  nd. 
Bender,  E.   J.,  service  engineer.  Yellow  Cab  Mfg.  Co.,   Chicago: 

Blackmore,  Charles  C,  owner,  Charles  C.  Blackmore  Co.,  Dayton, 
Ohio. 

Burke,  Edmund,  salesman  and  correspondent.  Motometer  Co.,  Long 
Island  City,  N.  Y. 

Carlson,  Clifford  E.,  student.  University  of  Cincinnati,  Cincinnati. 

Carter,  H.  A.,  vice-president  and  sales  manager,  George  R.  Carter 
Co.,  Connersville,  Ind. 

Connelly,  Frank  Harold,  student,  Tri-State  College,  Angola,  Ind. 

Cooley,  C.  Stewart,  student.   University  of  Cincinnati,   Cincinnati. 

Craven,  A.   R.,  student,    University  of  Cincinnati,   Cincinnati. 

Cushman,    E.    H.,    automotive    engineer    and    assistant    manager, 
Myron   D.   Kidder,   Inc.,   Portland.   Me. 

Davis,  M.  Moss,  mechanic,  Missouri  Motor  Co.,  Columbia,  Mo. 

Day,  Austin  W.,   student.  University  of  Cincinnati,   Cincinnati. 

Dettlinger,    Fred.    W.,    laboratory    engineer.    Plant    5,    Studebaker 
Corporation  of  America,  Detroit. 

Dresser.  Sddney  R.,  cable  engineer,  Whitney  Blake  Co.,  New   York 
City. 

Dunbar,  Frank,   student,   University   of   Cincinnati,    Cincinnati. 

Durham,  Samuel  M.,  student,  University  of  Cincinnati,   Cincinnati. 

Dwigans.  Roger  W.,   student.   University  of  Cincinnati,   Cincinnati. 

Dwyer,    C.    Eustace,    sales    engineer,    Timken-Detroit    Axle    Co., 
Detroit. 

Earle.    Ernest     A.,     engineer    and     designer,     Arrow    Head     Steel 
Products  Co..  Minneapolis. 

Evans,  R.  K.,  sales  engineer.  Remy   Electric  Co.,  Anderson    Ind. 

Fishleigh,  Clarence  T.,  engineer  in  charge  of  experimental  engine 
testing,   American  Car  &   Foundry  Co.,  Chicago. 

Frost,  Leon  E..  student.  University  of  Michigan.  Ann  Arbor,  Mich. 

Gardner,  F.   P.,   engineer.    111   Broadway,   New   York   City. 

Garrard,  L.   A.,   research  engineer.   Standard  Oil  Co.   of  New  York. 
New  York  City. 

Gassin,    Henry    P.,    tool    designer,    International    Motor    Co.,    New 
Brunsivick,  N.  J. 

Gesregan.  C.  Wesley,  sales  manager,  National  Lead  Co.,  New  York 
City. 

Gn.LET.  Charles  C.   district   sales  manager.   Seamans  &  Cobb  Co 
Detroit. 

Goss.  Richard  M.,   student,   University  of  Cincinnati,   Cincinnati. 

Graner,    Adolf,   president,   Wisconsin    Magneto    Co..   Milwaukee. 


Grass,   Alburn  R.,  student,    University   of  Cincinnati,   Cincinnati. 

Gross.  Edward  H.,  sales  manager,  Donning  Carburetor  Corporation, 
Bridgeport,  Conn. 

Hamilton.  GEOFFREY  JOHN,  student,  Cornell  University,  Ithaca, 
N.   Y. 

Hanfoiu),  L.  T.,  general  sales  manager,  Paige-Detroit  Co..  of  New 
York,   New   York  City. 

Hansell,  Howard  Foster,  student.  University  of  Cincinnati, 
Cincinna  ti. 

Hawley,  Frank  M.,  engineer,  Morse  Chain  Co.,  Detroit. 

Henderson,  Charles  E.,  local  purchasing  agent,  Air  Mail  Service, 
Mtiliiriwtl.   III. 

Henry,  Howard  W.,   chief  engineer.   Klaxon  Co.,   Newark,  N.   J. 

Hbrsham,  Conrad  O.,  tool  designer.  International  Motor  Co.,  New 
Brunswick,  N.   J. 

Hodtum,  Clarence,  student.  University  of  Cincinnati,   Cincinnati. 

Hoelscher,  Robert  J.,  student,   University  of  Cincinnati,  Cincinnati. 

Holland.  Maurice,  chief  of  industrial  engineering,  engineering 
division,    Air    Service,    McCook    Feld,    Dayton,   Ohio. 

Holmes.  George  Arthur,  student.  University  of  Michigan,  Ann 
Arbor.  Mich. 

Hubbard,  Glenn  W.,  engineer,  Chalmers  plant,  Maxwell  Motor 
Corporation,    Detroit. 

Hii.ing,  Joseph  B.,  foreman,  International  Harvester  Co.,  Spring- 
field.  Ohio. 

Inqauls,  Phineas  H.,  student,  University  of  Cincinnati,  Cincinnati. 

Kinsey.  Kenneth  Harry,  student,  Purdue  University,  Lafayette, 
Ind. 

Kirby.  Ralph   L.,   student,  University  of  Cincinnati,  Cincinnati. 

Leaver,  George  Albert  Charles,  consulting  automotive  engineer, 
A.  J.  Leaver  &  G.  A.  C.  Leaver,  Brisbane.  Queensland,  Australia. 

Luiggi,  Mario  Luigi,  mechanical  and  civil  engineer,  American 
representative  of  R.  Garrett  &  Sons,  Leiston,  England,  56  East 
87th  Street,  New   York  City. 

Lynch.  W.   Roswell,  sales  engineer.   Gray  &  Davis,  Inc.,   Boston. 

McArdle,  James  P.,  retail  salesman,  General  Motor  Truck  Co., 
Chicago. 

Mandeville.  George  S.,  Jr..  student,  University  of  Cincinnati, 
Cincinnati. 

Marshall,  A.  F.,  experimental  engineer,  R  &  V  Motor  Co..  East 
Moline,  III. 

Mather,  Judson,  student,  University  of  Cincinnati,  Cincinnati. 

Montgomery,  Edmond,  automobile  engineer,  Palace  Hotel,  Port 
Chester,  N.   Y. 

Nelson.  Charles.  Jr..  draftsman.  Western  Electric  Co.,  Inc., 
Hawthorne,  III. 

Porter,  R.  C,  engineer,  Stromberg  Motor  Devices  Co.,  New  York 
City. 

Raifsnyder,  F.  H.,   student,  Ohio  Northern   University,   Ada,  Ohio. 

Ralph,  Horace  F..  student.  University  of  Cincinnati,  Cincinnati. 

Ross,  Walter  D.,  student,  Purdue  University,   West  Lafayette,  Ind. 

Stevens.  F.  W..  associate  physicist.  Bureau  of  Standards,  City  of 
Washington. 

Shuster,  Wilbur  W..  student,   University  of  Cincinnati,  Cincinnati. 

Smedley,  Elmore  H.,   student.  University  of  Cincinnati,   Cincinnati. 

Stowe,  George,  vice-president  and  general  manager,  Reo  Motor 
Car  Co.,   New   York   City. 

Teachout.  J.  Howard,  production  manager.  White  Motor  Co., 
Cleveland. 

Trouant.  Virgil  E.,  engineer,  Westinghouse  Electric  &  Mfg.  Co., 
East    Pittsburgh,  Pa. 

Upham,  E.  W..  chief  metallurgist,  Maxwell  Motor  Corporation, 
Detroit. 

Warren.  Kenneth  Williams,  student,  Stevens  Institute  of 
Technology,  Hoboken,  N.  J. 

Weisel.  Willis  L.,  student.  University  of  Cincinnati,  Cincinnati. 

White.  Henry  J.,  assistant  experimental  engineer.  International 
Motor  Co.,  New  York  City. 

Wilburn,  John  Paul,  sales  engineer,  Prest-O-Lite  Co.,  Inc., 
Indianapolis. 

Zeder.  James  C,  layout  work,  specification  department,  Timken 
Roller    Bearing    Co..    Canton,    Ohio. 
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Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission 
to  the  Society  between  Feb.  10  and  March  1".  1923. 
The  various  grades  of  membership  are  indicated  by  (M) 
Member;  (A)  Associate  Member:  (J)  Junior:  (Aft) 
Affiliate:  <S  -Mi  Service  Member:  iF  11)  Foreign  Member; 
(E   S)    Enrolled    Student. 


Allison.  Fred  (M)  electrical  engineer  and  superintendent  of  power. 
Ford  Motor  Co.,  Detroit,  (mail)  125  Moss  Avenue,  Highland 
Park.  Mich. 

Butz,  Joseph  E.  (M)  research  engineer,  General  Motors  Research 
Corporation,  Dayton.  Ohio. 

Cherniack.  .Nathan  (J)  assistant  transportation  engineer.  Ward 
Motor  Vehicle  Co..  Mount  Vernon,  N.  Y.,  (mail)  332  Osborn 
-  !  i  et,   Brooklyn,  X.   Y. 

Clark  Willard  T.  (A)  resident  partner,  Henry  W.  Peabody  & 
Co.,  Bartoleme  Mitre  1746,  Buenos  Aires,  Argentina,  South 
America. 

Cooke  B.  W.  (A)  president.  Cooke  Automobile  School  and  Coyne 
Trade  &  Engineering  School,  1300  West  Harrison  Street, 
Chicago: 

Crowe,  6.  Francis  (E  S)  student,  University  of  Toronto.  Toronto. 
Ont.,  Canada,  (mail)   South  Residence,  University  of  Toronto. 

Davenport,  George  R.  (M)  special  engineer.  Studebaker  Cor- 
poration of  America,  Detroit,  (mail)  220  Austin  Avenue,  Royal 
Oak,  Mich. 

Davidson,  Coleman  Lawson  (E  S)  student,  Georgia  Institute  of 
Technology,  Atlanta,  Ga.,   (mail)   53  Cherry  Street. 

Delaney,  George  A.  (A)  engineer.  Paige-Detroit  Motor  Car  Co., 
Detroit. 

Deschamps,  Roger  P.  (A)  manager.  Standard  Automobile  Co.. 
Brussels,  Belgium,    (mail)    102.   Chaussee  D'Anvers. 

Downes.  George  Q.,  Jr.  (E  S)  student,  Ohio  State  University, 
Columbus.  Ohio,   (mail)    137  Chittenden  Avenue. 

Duffee,  Floyd  W.  (A)  assistant  professor.  University  of  Wisconsin, 
Madison,  Wis. 

Ernst,  Otto  (A)  dentist  and  inventor.  S3  Larchmont  Avenue, 
Larchmont,  N.   Y. 

Evenburgh,  R.  L.   (J)   747  Belden  Avenue.  Chicago. 

Fenn.  George  Prentice  (E  S)  student.  University  of  Illinois, 
Urbana,  111.,    (mail)    404  East  Daniel  Street,  Champaign,  III. 

Field.  Frank  James  (F  M)  chief  engineer.  Feroda  Ltd.,  Sovereign 
Mills,    Chapel-en-le   Frith,   Derbyshire,    England. 

Geisse,  John  Harlin  (S  M)  engineer,  Aeromarine  Plane  &  Motor 
Co..  Keyport.  N.  J.,  (mail)  3432  Connecticut  Avenue,  City  of 
Washington. 

Goodfriend.  I.  F.  (E  S)  student,  Columbia  University,  New  York 
City,   (mail)    Fernald  Hall,   Columbia  University. 

Gustafsson,  Birger  G.  (A)  tool  and  die  designer,  Arvac  Mfg. 
Co.,  Anderson,  Ind.,  (mail)   207  West  Ninth  Street. 

Hautzenroeder.  Richard  Wagner  (J)  draftsman,  Aultman-Taylor 
Machinery  Co..  Mansfield,  Ohio,   (mail)    291  West  Third  Street. 

Holmes,  Lawrence  J.  (M)  factory  manager.  International  Motor 
Co.,  Allentown,  Pa.,  (mail)  12S  South  17th  Street. 

Holowat,  Percie  U.  (A)  estimator  and  service  salesman.  Donovan 
Motor  Car  Co..  Boston,  (mail)  374  Main  Street,  Wakefield, 
Mass. 

Hopkins,  Fred  J  (J)  designer,  International  Harvester  Co.  of 
America,   Chicago,   (mail)    3402   Flournoy  Street. 


Ingals,  E.  Fletcher,  2nd  (J)  student,  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass,,  (mail)  1572  Massachusetts 
Avenue. 

Irvin,  W.  A.  (A)  assistant  to  the  vice-president.  American  Sheet 
&  Tin  Plate  Co.,  Frick  Building,  Pittsburgh. 

I. auer,  Carleton  J.  (M)  experimental  engineer.  Doble-Detroit 
Steam  Motors  Co.,  Detroit,   (mail)    1671  Clairmount  Avenue. 

Leister,  Fatette  (A)  sales  engineer,  Fafnir  Bearing  Co..  New- 
Britain,   Conn.,    (mail)   489  James  Street,   Syracuse,  A".   1'. 

Lockwood,  Ralph  G.  (A)  patent  lawyer,  Lockwood  &  Lockwood, 
1210   Fletchers  Savings  &  Trust   Building,   Indianapolis. 

MacLellan.  W.  Adair  (A)  assistant  engineer.  British  Bock  Bear- 
ings Ltd..  120  Cornwall  Street.  Glasgow,  Scotland. 

Maker.  George  A.  (A)  manager,  C.  M.  Hall  Lamp  Co..  Kenosha, 
Wis. 

Malchow,  Henry  J.  (A)  division  engineer.  Standard  Oil  Co., 
Milwaukee,    (mail)    1007  First  Street. 

M  u:sn,  William  B.  (A)  superintendent,  Locomobile  Co.  of  Illinois, 
Inc.,  515  East  27th  Street.  Chicago. 

Meader,  Glenn  S.  (J)  student.  University  of  Minnesota,  Min- 
neapolis,    (mail)    4740   Fremont  Ave..   South. 

Metz,  Albert  G.  (A)  editor.  Chilton  Co.,  49th  and  Market  Streets, 
Philadelphia. 

.\l ii'I'lekauf,  Edison  B.  (A)  automotive  purchasing  agent.  Texas 
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Chronicle  and  Comment 


Part  II,  1921  Transactions 

MEMBERS  who  have  not  already  ordered  Part  II 
of  Vol.  16  of  the  Transactions  covering  the 
last  six  months  of  1921  and  who  desire  copies 
should  send  in  their  orders  promptly.  This  volume  will,  it 
is  expected,  go  to  press  the  latter  part  of  the  month  and 
the  printing  order  will  be  based  on  the  number  of  copies 
ordered  by  the  members.  All  members  who  paid  dues  for 
the  last  half  of  the  fiscal  year  beginning  Oct.  1,  1920, 
are  entitled  to  a  copy  of  this  part  of  the  Transactions 
without  extra  charge,  but  copies  will  be  sent  only  to  those 
members  who  send  in  an  order  promptly.  A  blank  for 
this  purpose  will  be  found  in  the  advertising  section 
on  p.  95. 

The  Summer  Meeting 

ONLY  a  few  weeks  remain  before  the  opening  day 
of  the  Summer  Meeting  of  the  Society.  As  al- 
ready announced,  this  popular  event  is  scheduled 
to  be  held  June  19  to  23  at  Spring  Lake,  N.  J.,  on  the 
Atlantic  coast.  Facilities  for  meetings,  recreation  and 
lodging  are  excellent  at  this  seashore  resort;  tempera- 
tures are  sure  to  be  moderate  during  the  meeting  period; 
it  is  readily  accessible  by  motor  or  railroad.  Reduced 
fare  privileges  have  been  secured  from  the  railroads  in 
the  automotive  districts;  a  special  through  train  will 
carry  the  Western  contingent  to  the  meeting  from  De- 
troit, Chicago,  Cleveland,  Dayton,  Toledo  and  Indian- 
apolis. Reservation  blanks,  railroad  certificates,  rate 
schedules  and  all  particulars  will  reach  the  members 
with  a  formal  announcement  about  May  5. 

Automotive  Transportation 

THIS  number  of  The  Journal  contains  a  majority 
of  the  papers  read  at  the  Transportation  Meeting 
of  the  Society  held  in  Cleveland  last  month.  An 
illustrated  story  of  the  meeting  will  be  found  on  page  490. 
The  interest  manifested  in  the  papers  and  discussions 
at  the  meeting  is  clear  evidence  that  we  may  expect  to 
see  more  engineering  applied  to  the  operation  of  com- 
mercial motor  vehicles  in  the  future.  Where  fleet  op- 
eration of  trucks,  motorbuses  or  taxicabs  has  been  based 
upon  sound  engineering  principles,  the  motor  vehicle 
has  proved  a  profitable  investment.  Slipshod  methods 
whether  applied  to  traffic  direction,  accounting,  mainten- 


ance or  the  selling  of  transport  service,  will  soon  be  a 
thing  of  the  past.  Careful  study  of  the  papers  in  this 
issue  gives  some  indication  of  what  the  successful  trans- 
port engineers  are  doing;  they  form  the  ground  work 
for  the  accumulation  of  sound  engineering  data  and  ex- 
perience on  the  comparatively  new  science  of  motor  trans- 
port engineering. 

S.  A.  E.  Employment  Service 

VERY  gratifying  results  are  being  obtained  by  the 
Society's  Employment  Service  Department 
through  the  use  of  bulletins.  The  plan  has  now 
been  in  operation  for  about  1  year.  The  Society  has 
had  listed  throughout  the  year  an  average  of  33  availa- 
ble positions,  41  per  cent  of  which  were  filled  by  Society 
members. 

The  ratio  of  men  applying  for  positions  to  positions 
offered  has  averaged,  throughout  the  year,  about  2Vfe 
men  to  1   position,  but  this  ratio  has  been   reduced  to 
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about  IV2  to  1  at  the  end  of  February.  A  marked  in- 
crease in  the  number  of  positions  available  was  noted 
in  January,  while  at  the  same  time  there  was  a  marked 
decrease  in  the  number  of  men  applying  for  positions. 
The  average  number  of  men  available  throughout  the 
year  was  84.  Considering  that  some  of  these  men  were 
holding  positions  and  seeking  better  connections,  and 
considering  the  size  of  the  membership,  this  is  a  high 
tribute  to  the  caliber  of  the  men  who  make  up  the  mem- 
bership. Employers  seeking  good  men  to  fill  good  posi- 
tions would  do  well  to  keep  in  touch  with  the  Society's 
Employment  Department. 

A  Market  for  High-Test  Gasoline 

THE  following  data  were  collected  by  one  of  our 
most  active  members  who  was  interested  in  find- 
ing out  what  the  average  intelligent  driver  really 
thinks  about  good  gasoline  as  indicated  by  his  readiness 
to  pay  good  money  for  it.  This  engineer  writes  us  as 
follows : 

Last  fall  one  of  the  large  oil  companies  brought  out 
a  fuel  that  had  a  specific  gravity  according  to  the 
Baume  scale  of  from  60  to  62  deg.  This  fuel  was 
introduced  for  winter  use  and  we  felt  it  would  soon 
find  great  favor.  On  Feb.  1  we  began  to  investigate 
how  well  it  was  introduced  among  our  shop  men  with- 
out any  propaganda  on  our  part. 

The  oil  company  also  markets  a  winter  and  summer 
fuel  having  a  Baume  specific  gravity  of  from  56  to  58 
deg.  We  will  call  this  B  and  the  more  volatile  fuel  A. 
We  find  the  following:  important  statistical  informa- 
tion which  we  send  to  you  for  we  feel  that  this  bears 
out  our  contention  that  the  oil  companies  can  profit- 
ably and  practically  market  two  fuels  in  the  Northern 
territories  where  the  average  temperatures  are  below 
50  deg.  fahr.  for  6  months  in  the  year. 

Per  Cent 
Owners  in  Our  Shop  Using  Fuel  A  55 

Owners  in  Our  Shop  Using  Fuel  B  15 

Owners  in  Our  Shop  Using  Other  Fuels  30 

Owners  in  Our  Shop  Using  High-Test  Fuel  70 

Proportion  of  Ford  Cars  51 

Ford  Cars  Using  Fuel  A  53 

Average    of    Cars    Used    in    Winter    to    Bring 

Owners  to  Work  33 

Excess  of  Cars  Bringing  Owners  to  Work  in 

the  Afternoon  Over  the  Morning  15 

Cars  Not  Used  in  Winter  6 

Contact  with  Motor-Vehicle  Users 

A  STUDY  of  the  program  of  papers  read  at  a  recent 
convention  of  the  International  Retail  Delivery 
Association  reflects  great  credit  on  the  men  who 
are  responsible  for  the  operation  of  the  delivery  fleets 
of  our  large  department-stores.  These  executives  are 
applying  the  principles  of  scientific  management  to  the 
operation  of  their  vehicles;  cut-and-try  methods  are  be- 
ing superseded  by  engineering  and  economic  analysis. 
The  designer  and  the  builder  of  commercial  motor- 
vehicles  will  do  well  to  turn  a  watchful  eye  toward  the 
accomplishments  of  these  men.  Unquestionably,  they 
can  present  ideas  to  the  engineer  and  the  designer. 

The  following  excerpt  from  a  letter  received  by  the 
Society  from  the  chairman  of  this  convention  is  inter- 
esting: 

After  all,  the  value  of  automotive  engineering  can  be 
judged  only  by  the  practical  daily  operations  of  the 
men  who  must  maintain  the  equipment,  planned  and 
constructed  by  the  engineers 

Our  transportation  managers  and  garage  superin- 
tendents, because  of  their  daily  problems  in  the  repair 
and  maintenance  of  the  equipment,  find  much  that  they 


might  want  to  correct  in  the  construction  of  automo- 
biles, and  their  advice  and  suggestions  would  undoubt- 
edly be  of  material  value  to  the  Society  of  Automotive 
Engineers 

On  the  other  hand,  there  are  many  engineering  prin- 
ciples that  from  an  operating  standpoint  are  vital  and 
would  be  of  great  benefit  in  the  operation  and  the 
maintenance  of  equipment,  if  they  were  presented  to 
our  membership  from  the  point  of  view  of  the  engi- 
neer who  at  the  same  time  has  taken  the  trouble  to 
acquaint  himself  thoroughly  with  the  problems  of  the 
operator 

Associations  in  a  given  field  today  cannot  work  alone 
and  produce  the  required  results.  There  is  a  direct 
relationship  among  all  of  them,  and  better  cooperation 
among  such  groups  will  do  much  to  enhance  the  value 
of  the  work  of  each  organization 

More  was  said  about  this  cooperation  at  the  Auto- 
motive Transportation  Meeting  of  the  Society  in  Cleve- 
land last  month. 

Standardization 

STANDARDIZATION  as  applied  to  manufacturing 
enterprises  may  be  defined  as  the  reduction  of  the 
number  of  variable  factors  to  a  minimum  with  the 
object  of  according  to  each  factor  the  largest  possible 
share  of  consideration  and  capital  outlay.  In  other 
words,  the  object  is  to  spread  the  cost  of  design,  manu- 
facturing facilities  and  equipment  over  the  greatest  pos- 
sible number  of  pieces  of  a  given  type  to  reduce  the 
charge  on  each.  A  large  number  of  parts  can  thus  be 
made  to  carry  a  heavier  charge  for  better  equipment  for 
the  purpose  of  reducing  other  manufacturing  costs,  such 
as  time  and  labor. 

It  thus  becomes  apparent  that  the  first  matter  demand- 
ing attention  is  the  nature  of  and  reasons  for  existing 
variations  in  design,  with  a  view  to  obtaining  control  of 
the  variable  factors.  Viewed  in  this  light,  many  modifi- 
cations in  design  and  construction  appear  of  the  most 
trivial  nature,  and  certainly  should  not  have  sufficient 
weight  to  interfere  with  a  general  scheme  of  standard- 
ization. Further,  in  the  case  of  many  other  changes  in 
design,  it  will  be  found  that  there  are  no  really  valid 
reasons  for  these  at  all,  the  difference  being  merely  due 
to  the  fact  that  designs  have  originated  from  various 
sources. 

In  the  first-named  class  of  differences  in  design,  it  is 
necessary  to  take  a  broad  view  of  the  whole  matter  and 
to  consider  whether  the  range  of  buyers  of  the  product 
in  question  is  increased  or  decreased  by  such  departures 
from  a  standard.  Regarding  the  second  class  of  differ- 
ences in  design,  namely,  those  which  have  merely  arisen 
in  a  haphazard  way,  as  in  the  case  of  screw-threads,  for 
instance,  the  chief  difficulty  is  encountered  in  the  selec- 
tion of  a  standard.  On  this  question  the  preference  of 
the  majority  is  the  main  guide,  and  custom  becomes  the 
deciding  factor. 

Another  important  factor  affecting  the  question  of 
standards  is  the  prevalence  of  the  view  that  the  adoption 
of  standards  is  a  bar  to  progress.  Certainly  there  are 
difficulties  in  the  way  of  making  improvements  in  de- 
sign go  hand-in-hand  with  standardization,  but  these 
difficulties  are  by  no  means  insuperable.  For  one  thing, 
a  design  should  not  be  standardized  for  production  pur- 
poses until  every  measure  has  been  taken  to  assure  that 
it  is  the  best  that  can  be  produced  in  the  light  of  existing 
data  and  practice.  Although  a  standard  design  is  adopted 
for  a  period  of  years,  experimental  work  may  still  be 
continued  with  a  view  to  the  standardization  of  an  im- 
proved design  incorporating  the  results  of  research. — 
Engineering  Production  (London). 
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Illustrated  with  Drawings 


THE  paper  is  a  presentation  of  a  practical  solution 
for  the  coordination  of  military  and  commercial 
transport  with  rail  and  water  transport.  The  necessity 
for  combining  and  coordinating  transportation  facilities 
with  the  idea  of  organizing  a  homogeneous  transporta- 
tion network  of  waterways,  railways  and  highways, 
proved  to  be  the  essence  of  success  in  military  opera- 
tions during  the  World  War.  The  utter  inadequacy  of 
pre-war  and  war-time  transport  facilities,  when  organ- 
ized in  separate  fields  of  railroads,  maritime  shipping 
and  port  operations,  and  the  decentralized  elements  of 
highway  transport,  caused  the  United  States  Army  to 
make  a  comprehensive  study  and  plan  of  the  world's 
war-time  transportation  with  particular  attention  to. 
the  organization  of  motor  transport  as  the  necessary 
factor  in  coordinating  all  transportation  facilities.  The 
salient  features  and  general  principles  of  this  study 
and  the  resultant  plan  are  stated. 

The  results  of  this  study  are  applied  in  an  Army 
plan  to  coordinate  the  Nation's  network  of  transpor- 
tation facilities.  The  plan  is  offered  by  the  War  De- 
partment as  a  piece  of  national  transportation  research 
influenced  by  many  factors  based  upon  the  world's 
greatest  experience  in  transportation.  It  contemplates, 
finally,  the  establishment  in  the  City  of  Washington 
of  a  National  Highway  Transport  Board  or  Commis- 
sion, and  of  a  General  Director  of  Transportation,  or  a 
General  Traffic  Board,  to  coordinate  all  transportation 
facilities. 

The  principal  advantages  claimed  for  this  Army  plan 
are  the  attainment  of  the  full  potential  capacity  of 
motor  transport  as  a  revenue-producing,  public-carrier 
service;  the  coordination  of  rail,  water  and  highway 
transportation  so  that  all  three  services  supplement 
each  other,  especially  in  terminal  operations;  and  a 
general  cooperative  action  throughout  the  Nation's 
commercial,  civil  and  military  establishments,  to  effect 
the  broadest  National  benefits.  It  is  a  general  engi- 
neering plan  leading  toward  better  social  and  economic 
conditions  and  a  greatly  strengthened  national  defense. 

WORLD  WAR  MOTOR-TRANSPORT  DEVELOPMENT 

IN  making  public  Army  experiences  in  transportation 
and  Army  recommendations  for  organizing  highway 
transportation  in  commerce,  the  War  Department 
has  two  interests:  First;  it  is  earnestly  desired  that 
the  Army  shall  continue  to  render  peace-time  service 
of  public  value  in  the  industrial  life  of  the  Country. 
Second;  the  success  of  all  national-defense  plans  depends 
very  largely  upon  the  capacity  and  power  of  our  com- 
mercial transportation  systems,  viewed  as  a  national  net- 
work of  coordinated  railway,  waterway  and  highway- 
transport  services. 

Our  greatest  national  problem  in  the  World  War 
was  the  "mobilization  of  man-power  and  supplies."  In 
this  statement  "mobilization"  must  be  used  in  its  broad- 
est sense  to  include  all  movement  throughout  the  war 
from  points  of  origin  to  points  of  operation.     Anything 
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we  can  gain  in  normal  times  toward  solving  the  problem 
of  mobilizing  our  national  resources  in  time  of  great 
disaster  will  be  a  big  step  in  preparing  for  national 
defense. 

The  peace-time  problem  of  highway  transportation 
and  its  relation  to  railway  and  waterway  transportation 
has  been  studied  by  the  Army  without  any  militaristic 
intention.  These  studies  naturally  contemplate  the  use 
of  highway  transport  in  short  hauls  of  men  and  supplies 
to  and  from  railroad  stations,  steamship  docks,  camps 
and  Army  depots,  both  in  peace-time  service  and  in. 
periods  of  mobilization.  These  studies  also  contemplate 
questions  of  public  economy,  the  making,  saving  or  wast- 
ing of  billions  of  dollars  of  private  and  public  moneys 
due  to  good  or  bad  transportation  practices  in  our  in- 
dustrial life.  The  troubles  which  result  from  a  faulty- 
national  system  of  transportation  are  of  vital  import  to 
all  citizens  of  this  Country,  whether  their  especial  inter- 
est be  that  of  capital  or  labor,  of  the  military  or  civil, 
or  the  one  great  class  to  which  we  all  belong,  the  general 
public  now  burdened  with  increased  taxes  and  a  high 
cost  of  living. 

The  first  part  of  this  study  shows  how  pre-war  trans- 
portation, which  was  developed  without  any  general  plan 
or  policy,  failed  to  stand-up  under  the  heavy  traffic  of 
war-time  movements.  It  shows  how  the  science  of  trans- 
portation was  developed  through  similar  experiences  in 
the  different  armies  of  Europe.  Those  who  already  know 
the  stories  of  pre-war  and  war-time  transportation  may 
wish  to  omit  or  skip  lightly  over  the  first  part  and  give 
more  detailed  attention  to  the  second  part  of  this  study, 
which  presents  a  definite,  concrete,  comprehensive  plan 
for  use  in  solving  present  and  future  transportation 
problems  in  our  own  Country. 

Pre-War  Transportation 

Transportation  before  the  war  appears  to  have  been 
developed  as  follows:  Europe,  as  a  result  of  lessons 
learned  in  the  Franco-Prussian  War,  had  organized  her 
railroads  not  only  so  that  they  could  handle  the  trans- 
portation of  commerce  but  so  that  they  could  be  operated 
by  their  regular  civilian  personnel,  under  direction  of 
military  authorities  in  time  of  war,  for  the  rapid  mobili- 
zations and  supply  that  would  be  required  for  carrying 
on  military  operations.  There  was  also  an  extensive 
inland-waterway  system  in  operation  on  the  big  rivers 
and  canals  of  Europe.  The  British  Empire,  scattered 
all  over  the  globe,  had  forced  England  to  produce  her 
enormous  sea  power  and  water  transportation.  The  im- 
portance of  railroads  was  not  so  well  appreciated. 

Here  in  the  United  States,  we  had  built  a  tremendous 
mileage  of  railroad  transportation  and  had  produced 
engines  and  cars  of  great  tonnage  as  compared  with 
European  railroads.  Without  doubt,  we  considered  our 
railroads  all  that  were  to  be  desired  from  a  practical 
standpoint,  and  allowed  our  merchant  marine  and  inland 
waterways  to  be  nearly  starved  out  of  existence.  Trac- 
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tion  lines  flourished  in  oui-  urban  and  interurban  street- 
transportation  and  in  European  cities,  as  a  very  useful 
hybrid  service  between  railway  and  highway  transporta- 
tion. Except  for  passenger  cars  and  the  development  of 
roads  for  touring  or  military  purposes,  there  was  no 
organized  highway  transport  to  speak  of  anywhere.  In 
Europe,  where  the  value  of  military  highways  had  long 
been  understood,  the  roadbeds  for  highway  transporta- 
tion existed,  but  no  extensively  organized  highway-trans- 
port service  had  as  yet  made  its  appearance. 

Speaking  of  the  British  people,  Col.  M.  G.  Taylor, 
C.M.G.,  D.S.O.,  assistant  director  of  movements,  British 
G.  H.  Q.,  is  quoted  as  saying  an  an  address  entitled 
Land  Transportation  in  the  Late  War: 

The  melancholy  truth  is  that  in  1914  our  ideas  of 
transportation  were  rudimentary.  Our  small  force  of 
six  divisions  went  to  France  on  their  great  adventure 
with  no  more  than  a  rudimentary  organization  for 
transportation.  We  had  an  efficient  organization  for 
"transport"  in  the  form  of  road  transport,  and  for  sea 
transport,  but  we  had  only  a  small  staff  of  officers,  31 
all  told,  to  insure  that  our  interests  were  adequately 
safeguarded  in  that  most  important  link  of  all  trans- 
port services  in  war,  the  railways.  Coordination  be- 
tween the  three,  sea,  rail  and  road,  was  not  provided 
for  beyond  the  provision  made  in  the  normal  staff  or- 
ganization of  the  Army,  under  which  the  Quartermas- 
ter General's  branch  of  the  staff  is  responsible  for 
movement  as  a  whole,  and  no  provision  whatever  was 
made  for  controlling  the  technical  operation  of  such 
important  points  as  overseas  ports. 

What  appears  now  to  be  a  want  of  foresight  cannot 
be  laid  to  the  account  of  those  responsible  for  directing 
affairs  at  the  time.  The  whole  of  this  country  was  or- 
ganized, and  had  been  so  organized  for  many  years,  in 
separate  watertight  compartments  in  regard  to  trans- 
portation. Ports,  railways,  canals,  roads,  each  under- 
taking formed  an  independent  organization,  the  depen- 
dency of  one  upon  the  others  being  sufficiently  assured 
by  commercial  usage.  The  necessity  for  any  special 
coordination  of  the  functions  of  each  with  those  of  the 
others  had  never  arisen  because  the  capabilities  of  each 
were  equal  to  the  strain  imposed  by  civil  movement  in 
peace.  It  remained  for  the  unprecedented  strain  im- 
posed by  the  Great  War  to  bring  out  clearly  that  some- 
thing more  was  needed  if  chaos  were  to  be  avoided,  and 
that  something  was  the  application  of  the  science  of 
transportation.  In  1914,  military  opinion  was  molded 
upon  civil  practice,  although  the  organization  put  into 
operation  for  the  movement  of  our  six  divisions  to 
France  was  in  effect  a  fine  example  of  coordinated 
movement. 

This  British  transportation  expert,3  whom  I  shall 
actually  quote  or  follow  closely  in  my  thought  and  in  use 
of  phrases  during  my  early  remarks  on  war-time  trans- 
portation, later  says  of  France: 

It  is  probable  that,  in  preparing  for  a  future  war. 
France  did  not  have  in  mind  quite  so  stupendous  an 
affair  as  that  which  actually  took  place,  and  so  for 
her  the  ports  would  not  have  appeared  of  so  vital  a 
concern  as  her  railways,  since  most  of  her  supplies 
would  have  to  be  drawn  from  internal  resources.  But 
the  point  I  would  like  to  indicate  is  that,  with  all  her 
experience  of  Continental  war,  with  all  the  study  she 
.  had  made  of  probable  requirements  of  modern  armies, 
even  France  had  not  realized  the  need  for  complete 
coordination  of  her  transport  services,  and  thus  had 
created  a  port  organization  quite  independent  of  her 
railway  control. 

In  the  United  States  the  lack  of  sea  transport,  the 
congestion  at  our  ports  and  even  on  our  great  railway 
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systems  is  well  known.  Certain  railroads  purchased  at 
low  prices  railroad  rolling-stock  they  did  not  need,  im- 
mediately in  the  early  part  of  the  war,  while  others 
waited  until  high  prices  arrived  and  then  were  unable 
to  buy  what  they  needed.  Then  there  was  a  sudden  growth 
of  motor  transportation,  paralleling  some  of  our  biggest 
railroads,  during  our  own  mobilization.  These  events 
showed  that  we  had  no  more  general  foresight  or  under- 
standing of  how  to  handle  the  greatly  increased  traffic 
of  war  than  had  England  and  France. 

For  the  allied  side,  at  least,  of  pre-war  transportation, 
we  have  the  picture  of  great  engineering  enterprises, 
highly  developed  along  lines  of  rail  and  water  transporta- 
tion, according  to  local  conditions  prevailing  in  the  dif- 
ferent countries.  Highway  transportation  as  an  organized 
service  was  non-existent.  Specialized  transportation,  ex- 
cept highway  transport,  was  assuredly  developed  to  a 
high  degree.  The  science  of  transportation  or  logical 
combination  and  coordination  of  the  different  specialized 
agencies  of  transportation,  however,  does  not  appear 
to  have  been  generally  understood  in  any  part  of  the 
world,  unless  a  study  of  Germany's  transport  during 
mobilization  shall  reveal  a  better  understanding.  For 
the  Allies,  the  meaning  of  transportation  remained  to  be 
developed  through  evolution  in  the  British,  French  and 
American  Armies,  under  the  excessive  pressure  of  war- 
time movements  and  the  forge-like  hammering  of  heavy 
guns. 

War-Time  Transportation 
It  is  a  well  recognized  fact  that  entire  nations,  not 
merely  armies,  fight  modern  wars.  In  a  war  such  as  we 
have  recently  passed  through,  not  only  do  the  resources 
of  a  nation  have  to  be  mobilized  at  home  but  a  vast  por- 
tion has  to  be  further  mobilized  in  international  action. 
Our  mobilization  during  the  World  War  passed  over 
highways,  inland  waterways  and  railways  at  home,  then 
overseas,  and  finally  over  railways,  inland  waterways 
and  highways  again  in  foreign  lands.  During  war,  the 
products  of  man's  industrial  work  in  the  fields  of  agri- 
culture, mines  and  manufacture,  pass  through  these  great 
processes  in  movement  which  he  builds  up,  only  to  be 
scattered  over  other  fields,  the  fields  of  battle.  The 
channels  of  these  great  war-time  movements,  which  we 
have  so  lately  known,  are  the  same  channels  through 
which  our  future  national  and  international  traffic  must 
flow  in  the  more  sluggish  but  ever  increasing  streams 
of  commerce.  One  can  imagine  these  channels,  in  the 
not  distant  future,  choked  again,  as  in  the  war,  with 
the  great  movements  required  by  a  reawakened  world. 
Whether  that  reawakening  be  for  future  war  or  world 
reconstruction  matters  not,  so  far  as  transportation  is 
concerned.  The  important  thing  is  to  recognize  just  how 
our  highway  transport,  for  instance,  fits  in  with  our 
national  scheme  of  transportation,  and  how  our  national 
system  will  operate  to  advance  our  interests  in  world 
movements. 

Visualize  in  your  minds  the  network  of  waterways, 
railways  and  highways  that  extended  over  that  part  of 
the  world  in  which  the  allied  nations  were  active  during 
the  war.  Inland  waterways,  roads  and  highways  and 
the  railroads  formed  interlacing  meshes  covering  ex- 
tensive areas,  while  the  seaways  and  many  of  the  long 
transcontinental  railways  were  like  connecting  chains, 
joining  up  the  whole  world  system. 

Again  let  me  quote  Colonel  Taylor,  the  assistant  di- 
rector of  British  movements.3  In  speaking  of  the  war 
he  says: 

I  should  like  to  remind  you  that,  while  one  may  con- 
sider transportation  problems  as  they  arose  in  any  par- 
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ticular  theater,  the  fact  must  never  be  ignored  that 
these  problems  were,  as  a  rule,  merely  manifestations 
of  causes  which  arose  at  places  possibly  remote  from 
the  theater  in  question.  Transportation  in  any  area  is, 
in  other  words,  merely  a  link  in  a  chain,  or  rather  a 
small  area  in  a  network,  of  processes  which  proceed 
simultaneously  in  many  widely  separated  parts  of  the 
world.  Any  disturbing:  cause  in  one  part  of  this  net- 
work is  bound  to  have  its  repercussion  in  the  particular 
locality  under  consideration,  and  the  delicacy  of  the 
machinery  involved  is  such  that  a  slight  maladjustment 
in  one  process  may  have  a  considerable  and  even  a  dis- 
proportionate effect  for  evil  in  the  supply  of  an  army. 
Perhaps  you  may  incline  to  the  view  that  I  labor  this 
point  unduly,  but  I  cannot  help  feeling  that  when  it  is 
possible  to  study  the  Great  War  as  a  whole,  and  as  a 
matter  of  history,  it  will  be  found  that  many  of  our 
earlier  troubles  in  the  struggle  were  due  to  an  imper- 
fect grasp  of  this  truth.  Transportation  was  the  cause 
of  our  great  difficulties;  not  fighting  power,  leadership, 
or  the  more  active  side  of  military  training. 

If  this  commentary  is  true,  and  it  is  certainly  cor- 
roborated by  our  own  experience,  then  a  nation's  best 
safeguard  and  most  practical  method  of  preparing  for 
national  defense  lies  in  the  development  of  her  national 
system  of  transportation.  Rapid  mobilization,  well  regu- 
lated supply,  quick  maneuvers  in  combat,  all  most  vital 
factors  in  warfare,  are  dependent  upon  the  capacity 
of  the  whole  network  of  transportation  for  making  ef- 
fective coordinated  movements  rather  than  upon  the 
number  of  railroads,  ships  or  trucks  which  a  nation  may 
possess.  In  commerce,  rapid  collection  and  delivery  of 
passengers  and  freight,  regulation  of  supply  and  de- 
mand, quick  movements  in  relation  to  collection  of  peak 
loads  and  distribution  to  markets  mean  exactly  the  same 
things.  Transportation  is  blind  as  to  peace  and  war. 
It  is  a  matter  of  making  and  coordinating  movements  re- 
gardless of  what  movements  are  for. 

After  the  strain  of  early  mobilization  and  the  sudden 
expansion  of  the  French  motor-transport,  which  resulted 
in  the  successful  turning  movement  that  stopped  the 
German  advance  on  Paris  in  1914,  allied  transportation, 
still  of  a  pre-war  character,  seemed  to  operate  smoothly 
enough  during  the  long  period  of  stationary  warfare 
which  followed  the  first  battle  of  Ypres.  With  the  Somme 
offensive,  however,  in  1916,  the  weak  points  in  the  Allies' 
transportation  showed  up.  At  first  there  was  a  lack  of 
trucks  at  loading  points.  Next  railroad  trains  had  to 
be  strictly  limited  in  number  below  the  capacity  of  trunk 
lines,  because  of  lack  of  engine  power,  lack  of  drivers 
and  lack  of  coal.  "Then  came  a  reduction  in  the  capacity 
of  the  lines  themselves,  because  the  shortage  of  main- 
tenance labor  and  material  made  it  impossible  to  keep 
them  in  condition."  In  short,  the  railroad  service  in 
France  began  breaking  down.  One  trouble  bore  heavily 
upon  another  with  the  effect  of  beating  back  the  move- 
ment of  the  whole  system  upon  itself. 

The  ports  were  independent  of  the  railways.  The 
latter  failed  to  clear  away  the  imports,  yet  imports  came 
in  in  ever-increasing  quantities,  in  satisfaction  of  the 
requirements  of  the  troops  in  operations,  which  were 
planned  on  a  generous  scale.  Consequently  ports,  transit 
sheds,  quays  and  wharves  became  congested  with  material 
of  all  sorts.  Stores  could  not  be  moved  because  they 
became  buried  beneath  mountains  of  other  stores  not  yet 
required  forward.  Gradually,  movement  as  a  whole 
slowed  down,  and  complete  cessation  was  threatened. 
As  Colonel  Taylor  says:* 
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At  the  same  time  our  Allies  became  seriously  alarmed 
at  the  state  of  affairs  developing  behind  their  own 
armies  in  a  manner  exactly  similar  to  what  we  were 
experiencing.  They  were  dependent  upon  imports  to  a 
far  greater  extent  than  they  had  originally  contem- 
plated, owing  to  the  great  excess  of  demand  over  the 
productive  capacity  of  the  country  made  by  modern 
methods  of  warfare.  Consequently,  the  imminent 
breakdown  of  the  railways  of  France  was  not  a  local 
affair  threatening  one  army  alone,  it  was  universal,  a 
matter  of  miscalculation  of  capacity  or  of  faulty  or- 
ganization. For  the  French  it  was  the  former;  for  us, 
as  we  began  to  think,  the  latter. 

This  state  of  affairs  was  followed  by  the  importation 
from  England  into  France  of  trucks,  engines,  railway 
men  and  fuel.  England  also  sent  over  a  man  of  experi- 
ence and  reputation  to  set  British  transportation  to 
rights,  to  connect-up  ships,  ports,  railways  and  roads, 
and  to  put  the  whole  affair  on  a  working  basis.  This 
all  happened  during  the  battle  of  the  Somme,  up  to  that 
time  the  greatest  battle  ever  fought;  it  happened  at  a 
time  when  the  Allies  were  committed  to  action  and  could 
not  back  out  without  the  most  serious  consequences. 
This  British  writer'  laments:  "The  truth  cannot  be 
evaded  that  it  could  all  have  been  foreseen  and  corrective 
measures  taken  before  the  battle,  had  the  science  of  trans- 
portation and  its  practicable  application  to  war  been 
studied  earlier." 

Sir  Eric  Geddes  was  the  man  sent  over  to  France  by 
England  to  solve  the  new  transportation  problem.  He 
saw  what  was  wrong  and  devised  the  full  organization 
for  transportation  which  was  required.  He  linked-Up 
ports  to  railways,  railways  to  roads  and  inland  waterways 
to  both.  He  secured  the  regulation  of  sea  transport  with 
direct  reference  to  port  capacities  and  to  the  possibilities 
of  clearance  from  the  ports  inland.  He  developed  ports, 
railways  and  roads  by  construction  until  they  could 
reasonably  be  expected  to  carry  out  the  work  required 
of  them,  and  he  brought  the  whole  under  one  unified 
control  responsible  for  coordination  of  effort.  He  showed 
what  transportation  meant,  and  how  each  variation  in 
one  process  of  movement  must  inevitably  have  its  effect 
on  the  others.  He  finally  became  Director-General  of 
Transportation,  took  command  of  the  new  organization, 
got  it  into  running  order,  and  controlled  its  operation 
until  it  found  its  own  feet.  With  the  exception. of  the 
German  spring  offensive  in  1918,  this  was  the  biggest 
crisis  of  the  war,  and  realization  of  the  importance  of 
combining  and  coordinating  sea,  rail  and  highway  trans- 
portation was,  without  a  doubt,  one  of  its  chief  and  most 
far-reaching  results. 

There  were  many  transportation  crises  between  1916 
and  the  end  of  the  war  in  1918,  that  caused  many  anxious 
periods.  Many  of  these'  we,  the  United  States,  shared 
with  our  Allies.  With  the  breaking  down  of  the  rail- 
roads, motor  transportation  sprang  into  great  promi- 
nence. So  long  as  the  railroads  operated  satisfactorily, 
the  motor  transport  which  had  been  provided  and  main- 
tained in  France  was  amply  sufficient,  if  it  was  not  called 
upon  to  undertake  an  undue  proportion  of  long-distance 
work  to  relieve  railways.  As  a  natural  result,  however, 
of  the  railroad  breakdown,  motor  transport,  even  for 
really  long  distances,  began  to  be  regard  as  the  most 
reliable  form  of  overland  transport. 

The  British  admit  that  their  motor  transport  was 
therefore  greatly  overworked,  and  it  gradually  deterior- 
ated. This  deterioration,  so  far  as  the  vehicles  were 
concerned,  was  not  very  marked  in  the  early  stages  and, 
in  1916,  and  early  1917,  the  course  of  events  was  not 
very  obvious,  except  to  the  directors  of  motor  transport 
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who  were  responsible  for  the  provision  and  upkeep  of 
the  vehicles.  The  result,  which  tvas  clearly  obvious, 
was  the  effect  on  the  roads  due  to  the  heavy  use  of  motor 
vehicles.  The  provision  of  stone  for  repair  became  a 
serious  factor  of  rail  transportation.  To  a  certain  de- 
cree the  increased  use  of  road  transport,  due  to  the  lack 
of  railway  facilities,  was  thus  responsible  for  an  increased 
use  of  the  railways;  it  therefore  partially  defeated  its 
own  object  of  relieving  the  railways. 

The  alarm  caused  by  the  deterioration  of  the  vehicles 
and  the  roads  had  its  effect  in  promoting  the  use  of  light 
railways.  These  saved  the  wear  and  tear  on  both  motor 
trucks  and  roads.  About  the  time  this  system  of  trans- 
portation got  fairly  well  going,  the  Germans  demon- 
strated how  easy  it  was  to  cut  light  railway  lines  with 
shell  fire,  and  then  shoot  to  pieces  the  rolling  stock  and 
supplies  that  became  stalled.  Inasmuch  as  motor  trucks 
could  manage  to  go  around  shell  holes  and  keep  moving, 
unless  actually  hit,  motor  transportation  proved  to  be 
much  less  vulnerable  than  railway  transport.  The  policy 
of  transportation  therefore  turned  back  toward  standard- 
gage  railroads,  with  supplementing  road  transport,  in 
forward  areas.  Light  railways  were  to  be  used  as  much 
as  possible  in  unexposed  positions,  to  save  wear  and  tear 
on  roads  and  motor  vehicles. 

In  1918  the  French  railroads  had  been  brought  back 
to  life,  but  British  motor  transport,  in  consequence  of 
overuse,  was  going  from  bad  to  worse.  Due  also  to 
German  submarine  activities,  the  gasoline  supply  was 
threatened  sufficiently  to  cause  added  anxiety  and  need 
for  economy. 

In  the  British  Army,  as  later  practised  in  the  American 
Army,  motor  vehicles,  instead  of  a  motor-transport  ser- 
vice, had  been  furnished  to  small  organizations.  These 
adverse  conditions,  however,  forced  the  withdrawal  of 
every  motor-transport  vehicle  that  could  be  spared  from 
military  units  for  reconditioning,  and  their  further  use 
after  reconditioning  in  what  the  British  called  "general- 
purpose  companies"  which  were  assigned  to  a  "general 
headquarters,  motor-transport  reserve,"  for  centralized 
control.  This  was  the  beginning  of  the  development  of 
a  British  highway-transport  service,  as  opposed  to  a 
service  organized  simply  to  supply  and  maintain  motor 
vehicles.  The  motor  truck  started  off  on  the  wrong  foot 
in  all  countries  following  the  lead  of  its  elder  brother, 
the  so-called  "pleasure"  car,  which  is  essentially  an  arti- 
cle of  supply  furnished  to  individuals  primarily  for  their 
pleasure.  Effective  movements  and  economy  in  supply 
and  maintenance  ordinarily  are  secondary  matters  with 
such  cars,  but  they  are  vitally  important  with  trucks 
and  other  motor-transport  vehicles  operating  in  a  public 
or  commercial  service.  Vehicles  of  the  passenger-car 
type  used  in  a  public  service  or  in  commerce  are  not 
pleasure  cars,  and  the  operation  of  so-called  pleasure 
cars,  as  such,  should  never  be  confused  with  that  of  motor 
or  highway  transport.  They  should  be  termed  "pas- 
senger cars." 

These  British  general-purpose  motor-transport  com- 
panies were  allotted,  as  in  the  French  army,  by  G.  H.  Q. 
(General  Headquarters),  to  formations  which  required 
them,  but  only  for  so  long  as  they  were  actually  required. 
Decentralization  and  loss  of  control  were  not  permitted. 
There  is  indicated  in  this  British  action  recognition  of 
a  basic  principle  in  highway  transportation.  Control 
over  the  operation  of  motor  transport  must  be  central- 
ized under  the  same  executive  authority  that  dictates  the 
means  of  maintaining  the  vehicle  equipment  at  all  times 
in  a  reliably  serviceable  condition,  with  reasonable  econ- 
omy.    I  shall  refer  later  to  a  similar,  though  arrested, 


movement  in  our  own  Army,  and  again  I  shall  recom- 
mend this  principle  as  one  of  great  importance  in  the 
development  of  commercial  highway-transportation  as 
an  integral  factor  in  general  transportation. 

Military  highway-transportation  became  a  matter  of 
building  up  a  motor-transport  service  to  handle  general 
road  movements,  under  centralized  control,  rather  than 
a  service  for  supplying  and  maintaining  motor  vehicles 
which  were  issued  to  supply  and  combat  organizations 
for  them  to  operate  exclusively  in  making  their  own 
movements. 

It  is  interesting  to  note  that  the  British  entered  the 
1918  campaign  that  ended  the  war  on  a  policy  of  coordi- 
nating sea,  rail  and  highway  transportation.  Due  to 
forming  a  general  motor-transport  service,  they  made  an 
immediate  saving  of  4000  motor-truck  drivers  who  were 
thus  released  for  fighting.  They  also  made  rapid  progress 
in  reconditioning  their  deteriorated  roads  and  motor 
vehicles.  The  Assistant  Director  of  British  Movement, 
in  referring  to  this  policy  of  coordinating  land  trans- 
portation, says,  "Thanks  to  the  policy  adopted,  we  were 
able  to  draw  the  fullest  advantage  from  our  road  trans- 
port." 

The  French  had  already  a  well  organized  and  smoothly 
running  Motor-Transport  Service  which  was  centrally 
controlled  and  dispatched  for  general  road  movements. 
It  was  coordinated  with  railroad  movements.  In  the 
French  Army,  the  operation  of  motor  transport  reached 
the  highest  degree  of  efficiency.  The  highways  which 
were  organized  for  motor-transport  movements  of  per- 
sonnel and  materiel  which  were  made  over  them  reached 
enormous  proportions.  The  French  railway  system  and 
the  French  highway  system  were  separately  organized, 
but  operated  as  a  coordinated  whole. 

In  May,  1918,  as  a  result  of  the  final  effort  of  the 
German  Armies  to  capture  Paris,  French  railroads  were 
again  so  disorganized  as  to  be  rapidly  approaching  a  state 
in  which  they  could  be  disregarded  as  a  factor  in  the 
military  situation  for  large  movements.  It  was  only  the 
work  of  the  road-transport  service  which  enabled  the 
allied  force  to  be  maintained.  Had  the  policy  of  supply- 
ing motor  vehicles  to  field  units  not  changed  in  the 
French  and  British  Armies  to  a  policy  of  supplying  or- 
ganized highway  transportation,  the  German  spring  of- 
fensive would  have  encountered  the  same  weakness  of 
movement  behind  the  allied  lines  that  existed  during  the 
allied  Somme  offensive.  Being  on  the  offensive,  however, 
in  1918  she  must  surely  have  felt  any  such  great  weak- 
ness in  transportation  as  that  of  1916,  and  pressed  the 
harder  for  a  final  decision.  Highly  organized  highway 
transport  in  the  French  and  British  Armies  was  the  prin- 
cipal agency  of  movement  that  enabled  the  Allies  to 
stop  the  German  drive  in  1918,  just  as  the  crudely  or- 
ganized motor  transport  in  the  French  Army  enabled  the 
Allies  to  stop  a  similar  German  drive  in  1914.  The  re- 
peated imminence  of  world  disaster,  due  to  faulty  trans- 
portation policies,  in  1914,  1916  and  1918,  is  only  too 
apparent. 

It  would  be  useless  to  review  war-time  transportation 
with  the  idea  of  using  its  lessons  profitably  in  any  post- 
war reorganization  or  establishment  of  national  policies, 
without  facing  our  errors  with  honesty  and  boldness. 
Every  foreign  government  knows  that,  in  1916,  the 
United  States  was  disgracefully  unprepared  for  even  any 
effective  defense  in  its  homeland  against  the  attack  of 
any  first-class  power.  It  also  knows  that,  in  spite  of  this 
unpreparedness,  with  French  and  British  help  and  pro- 
tection, the  United  States  mobilized  its  resources  and 
arrived  in  France  with  sufficient  dispatch  and  force  to 
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turn  the  rising  tide  of  defeat  away  from  her  Allies. 
With  the  exception  of  our  national  unpreparedness  we 
have  proud  records  as  a  Nation,  as  an  Army,  as  minor 
organizations  and  as  individuals.  At  home  and  over- 
seas, we  bent  our  energies  together  to  win  the  war. 
With  such  facts  behind  us,  it  seems  to  me  that  we  can 
and  should  focus  the  light  of  research  upon  our  errors. 
The  groups  or  individuals  who  were  personally  respon- 
sible for  errors  have  unusual  opportunity  to  render  con- 
structive services  of  unlimited  value  by  admission  and 
discussion. 

In  the  spring  of  1918,  we  in  the  American  Army  were 
supplying  vehicles  to  all  forward  units  in  very  much 
larger  numbers  and  truck-ton  capacity  than  the  French 
and  British  had  done.  Notwithstanding  this,  we  were 
also  receiving  assistance  from  the  organized  highway- 
transport  service  of  the  French  to  move  our  troops  and 
their  supplies  in  battle  maneuvers.  Although  our  vehi- 
cles were  all  practically  new,  rapid  deterioration  began 
to  cause  serious  anxiety.  Every  small  organization  in 
the  field,  equipped  with  motor  vehicles,  began  tearing 
down  its  disabled  vehicles  to  make  its  own  repairs.  Re- 
pair parks  with  field  units  were  littered  with  dismantled 
vehicles.  There  was  no  systematic  connection  between 
these  combat  and  supply  organizations  and  the  motor- 
transport  service  organized  and  equipped  for  general 
repair.  Out  of  every  two  or  three  motor  vehicles  requir- 
ing general  repair,  they  would  tear  down  all  and  then 
rebuild  one,  scrapping  what  was  left;  this,  mind  you, 
in  the  first  year  of  service  of  brand-new  vehicles.  It 
was  justified,  they  thought,  by  the  exigencies  of  military 
service. 

To  maintain  their  own  small  fleets  in  readiness  for 
field  movements  they  knew  would  come,  each  small  com- 
bat organization  and  decentralized  truck-train  started 
in  to  rob  disabled  vehicles,  wherever  they  were  found, 
of  the  spare  parts  of  which  they  could  be  dismantled. 
These  parts,  with  the  supplies  they  requisitioned  from 
automotive  depots  before  they  were  needed,  they  hoarded 
against  the  day  when  their  own  vehicles  would  need 
repair.  Every  truck  driver  in  the  Army  became  a  col- 
lector and  a  road  vulture  so  far  as  disabled  trucks  were 
concerned.  Small-fleet  operators  cannot  be  blamed  for 
these  uneconomical  practices.  They  were  incident  to  a 
system  of  decentralized  trucking. 

The  Motor-Transport  Service,  organized  only  for  auto- 
motive supply  and  repair,  was  bitterly  assailed  for  not 
having  the  spare  parts  required  by  hard-pressed  forward- 
units  under  these  conditions.  The  Motor-Transport 
Service  gave  up  all  the  supplies  it  had,  required  by  such 
units,  and  then  was  unable  to  make  the  repairs  for  which 
it  was  responsible  when  the  dismantled  and  stripped 
vehicles  finally  drifted  back  to  repair  parks. 

The  weakness  of  decentralized  control  in  motor  trans- 
portation was  not  lost  upon  General  Pershing  and  his 
staff.  After  our  St.  Mihiel  drive,  and  during  the 
Argonne,  in  October  and  November,  1918,  General  Staff 
officers  from  our  own  G.  H.  Q.  were  working  in  the  First 
and  Second  Armies,  drawing  out  about  60  per  cent  of 
all  divisional  motor-vehicle  equipment  to  form  a  general- 
service  motor-transport  reserve  to  be  placed  under  the 
control  of  Army  commanders.  This  would  have  been 
similar  to  reforms  in  motor  transportation  undertaken 
earlier  in  1918  by  the  British,  and  already  effective  with 
the  French.  With  the  signing  of  the  Armistice  and 
cessation  of  pressing  need,  this  movement  was  aban- 
doned, before  our  fighting  troops  and  supply  services 
could  experience  the  same  benefits  from  the  change  the 
French   and   British   had   experienced.       I    have   always 


looked  upon  this  arrested  centralization  as  a  great  mis- 
fortune, the  loss  of  a  wonderful  opportunity  for  our 
Country  to  experience  the  power  and  capacity  of  an 
organized  Motor-Transport  Service  as  against  the  use 
of  small  fleets  and  single  vehicles.  We  did  make  the 
change  from  the  decentralized  operation  of  motor  vehicles 
to  the  centralized  system  exactly  as  the  French  and 
British  had  done,  in  the  American  Service  of  Supply. 

Without  knowing  at  the  time  that  we  were  going 
through  the  same  phases  of  motor-transport  develop- 
ment that  the  French  and  British  had  gone  through,  we 
made  our  changes  to  meet  the  requirements  of  new 
emergencies  as  they  arose,  when  old  methods  failed. 
Perhaps  the  personal  touch  of  my  own  observations  and 
experiences  in  the  Advance  Section,  A.  E.  F.,  may  serve 
to  bring  out  the  fact  that  we  Americans  were  having 
the  same  experience  as  our  Allies  in  the  evolution  of 
transportation  that  was  going  on  everywhere  during 
the  war. 

Early  in  January,  1918,  I  was  appointed  Chief  Motor- 
Transport  Officer  for  this  Advance  Section,  from  which 
point  of  vantage  I  had  a  wonderful  opportunity  to  ob- 
serve the  operation  of  motor  transportation ;  first  in  the 
Supply  Services,  A.  E.  F.,  and  in  the  separate  Divisions 
as  they  arrived,  then  in  the  First  and  Second  Armies 
from  their  formation  after  Chateau  Thierry  to  the 
Armistice,  and  finally  in  the  Third  Army  during  its  ad- 
vance, without  railroad  service,  to  Coblenz  on  the  Rhine. 
I  also  observed  part  of  the  French  Motor-Transport 
Service  and  caught  glimpses  now  and  then  of  some  of  the 
British  and  German  motor  transport.  With  all  this 
transportation  operating  about  me,  I  was  busy  organiz- 
ing the  American  Motor-Transport  Service  in  the  Ad- 
vance Section.  Indeed,  most  of  the  vehicles  issued  to 
the  armies  in  our  front,  and  all  the  automotive  supplies, 
were  received  from  the  base  and  intermediate  section  and 
distributed  from  Advance  Section  parks  and  depots. 
In  addition  to  supplying  combat  and  supply  units  with 
the  vehicles  and  the  spare  parts  they  required,  we  were 
establishing  the  advance  automotive-supply  depots  and 
repair  shops  to  make  the  major  and  general  repairs  that 
would  be  required  by  about  100,000  motor  vehicles  oper- 
ating in  the  forward  zones. 

In  the  Motor-Transport  Service  which  I  personally 
commanded,  there  were,  roughly,  10,000  officers  and  men, 
many  of  them  highly  experienced  in  one  phase  or  another 
of  the  automotive  industry.  We  coordinated  my  knowl- 
edge of  the  Army,  and  that  of  the  three  or  four  regular 
officers  who  served  with  us  from  time  to  time,  with  their 
combined  knowledge  of  the  industry,  to  build  up  our 
service  to  meet  the  motor-transport  requirements  of  the 
war  as  it  developed  in  our  vicinity.  While  these  tem- 
porary officers  and  soldiers  were  learning  to  look  at 
motor  transportation  from  a  military  point  of  view,  they 
were  teaching  the  regular  Army  the  details  of  motor- 
truck operation  and  repair.  Together,  we  learned  about 
the  science  of  transportation  or  the  science  of  move- 
ments. The  military  mission  in  which  we  were  using 
this  science  was  a  temporary  situation,  an  incident  in 
the  history  of  transportation. 

The  weakness  of  decentralized  motor-transport  organi- 
zation in  a  crisis  is  illustrated  by  the  following  incident 
in  our  Advance-Section  experience:  The  general  order 
issued  from  G.  H.  Q.  in  December,  1917,  which  created 
and  described  the  Motor-Transport  Service  in  the  A.  E. 
F.,  distinctly  states  that  a  Motor-Transport  officer  is  not 
responsible  for  the  operation  of  motor  vehicles  after  they 
are  issued  to  units  and  other  services.  Certainly  the 
chiefs  of  other  services  took  this  view.    During  a  serious 
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emergency,  when  it  was  perfectly  apparent  that  some 
one  Motor-Transport  officer  had  to  act  to  direct  road 
movements  over  the  entire  Advance  Section,  I  was  forced 
to  assume  this  responsibility  over  all  motor  vehicles  in 
the  section.  Although  not  recognized  by  official  orders, 
this  action  was,  nevertheless,  generally  recognized  as  the 
correct  solution  of  the  particular  problem  in  transporta- 
tion presented  by  the  emergency. 

On  May  30,  1918,  during  the  height  of  the  German 
drive  toward  Paris,  our  American  G.  H.  Q.,  with  con- 
siderable evidence  of  anxiety,  directed  me,  as  the  Ad- 
vance Section  Commander's  Motor-Transport  Officer,  to 
make  certain  road  movements  involving  the  use  of  several 
hundred  motor  trucks.  Having  very  few  trucks  left 
under  me,  as  a  result  of  the  above  quoted  order,  and 
realizing  that  the  order  carried  with  it  the  expectation 
that  I  would  meet  and  overcome  whatever  obstacles  were 
in  the  way  of  its  execution,  I  assumed  command  over  all 
motor  vehicles  in  the  section,  regardless  of  what  other 
services  they  might  belong  to,  and  sent  out  telegrams, 
dispatch  riders  and  officers  on  motorcycles  to  gain  actual 
control.  About  300  vehicles  were  dispatched  to  threat- 
ened points  within  a  few  hours  and  as  many  more 
mobilized  for  further  orders  from  G.  H.  Q. 

On  May  31,  the  Commanding  General  issued  orders 
that,  except  in  a  few  instances  where  the  vital  importance 
of  a  local  activity  made  it  inadvisable  to  ride  rough- 
shod over  its  commander's  objections  to  giving  up  his 
fleet,  all  motor  vehicles  would  be  turned  over  to  the 
Motor-Transport  Officer  for  operation.  In  accordance 
with  this  order,  vehicles  and  small  fleets  were  actually 
pooled  for  general  transportation  at  motor-transport 
centers  established  with  relation  to  rail-heads,  railway 
stops,  camps,  depots  and  other  activities,  and  the  control 
over  motor  transportation  and  maintenance  of  vehicles 
was  centralized  in  my  office. 

As  the  effectiveness  of  this  centralized  motor-trans- 
port service  became  more  and  more  apparent,  even  the 
exempted  vehicles  and  fleets  were  turned  over  to  us  by  the 
voluntary  action  of  their  local  commanders,  with  only 
one  noticeable  exception,  which  no  doubt  would  have 
followed  had  the  war  continued.  The  combined  fleet, 
which  was  finally  maintained  and  operated  from  these 
centers  under  my  general  direction,  numbered  about  3500 
vehicles  of  all  kinds.  In  the  St.  Mihiel  and  Argonne 
offensives,  this  fleet  not  only  carried  on  the  increased 
highway-transport  service  caused  by  these  drives,  without 
help  from  outside  sources,  but  it  gave  up  to  the  combat 
divisions  about  15  per  cent  of  its  vehicle  equipment  and 
many  of  its  officers  and  men.  Increased  effectiveness  and 
economy  in  motor  vehicles  and  maintenance  of  vehicles 
were  very  apparent  after  centralization. 

This  incident  showed  officers  at  G.  H.  Q.  that  they 
could  not  expect  action  in  road  transportation  if  they  had 
to  wait  for  orders  of  movement  to  be  given  to  from 
30  to  40  or  more  scattered  fleet  operators.  It  showed 
the  Commanding  General  of  the  Advance  Section  that 
he  could  not  meet  his  responsibilities  for  making  quick 
or  effective  road  movements  unless  he  centralized  control 
over  his  motor  vehicles  in  a  single  office,  vested  with 
authority  and  equipped  with  communications  to  carry  out 
his  orders  of  movement.  It  showed  us  in  the  Motor- 
Transport  Service  that  unless  we  hooked  up  the  func- 
tion of  operating  vehicles  with  the  function  of  main- 
taining them  in  a  systematic  manner,  there  would  be, 
in  a  comparatively  short  time,  no  movements  whatever  to 
speak  of,  with  the  rapidly  deteriorating  trucks  and  cars 
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with  which  we  stumbled  through  that  emergency.  It 
showed  us  that  anything  but  a  well  balanced,  centrally 
controlled  Motor-Transport  Service  is  dreadfully  waste- 
ful and  extravagant,  and  that  decentralized  trucking  will 
always  be  ruinous  to  many  private  operators  and  ex- 
tremely dangerous  to  any  important  enterprise  which 
relies  upon  it. 

Experiences  similar  to  these,  but  perhaps  less  empha- 
sized, are  being  encountered  in  commercial  transporta- 
tion at  present.  We  progress  in  circles;  war  transport 
follows  commercial  transport  which,  in  turn,  follows 
war  transport  again.  It  is  a  vicious  circle  when  we  pass 
on  bad  practices  or  fail  to  translate  the  teachings  of 
one  experience  to  the  next.  On  the  other  hand,  brilliant 
success  in  the  movements  of  war  and  commerce  should 
follow  a  nation's  intelligent  appreciation  and  application 
of  the  science  of  transportation  which  it  develops  in  its 
combined   experiences. 

See  how  closely  we  followed  our  pre-war  commercial 
experience  in  the  use  of  motor  vehicles.  During  the 
period  from  January  to  May,  1918,  every  officer  of  im- 
portance and  prominence  and  many  an  officer  who  was 
not  prominent  at  all,  except  for  his  continual  joy-riding 
presence  on  the  highway  in  a  high-powered  car,  thought 
he  had  to  operate  or  control  his  own  motor  car.  This 
idea,  that  each  officer  must  have  his  own  car,  is  directly 
traceable  to  our  "pleasure-car"  experience  at  home.  The 
idea  that  each  individual  citizen  of  this  Country  should 
own  and  operate  his  own  automobile  is  the  secret  of  the 
wonderful  rise  of  our  automotive  industry.  It  is  the 
reason  for  the  fact  that,  in  a  world  registration  of  cars 
and  trucks/  more  than  12,364.000  of  the  world's  14,750,- 
000  motor  vehicles  are  in  the  United  States.  Of  these 
12,364,000  motor  vehicles,  more  than  11,000,000  are 
motor  cars  and  motorcycles.  In  the  use  of  motor  cars, 
individual  pleasure,  personal  comfort  and  satisfaction  are 
the  primary  considerations,  even  when  business  and  busi- 
ness efficiency  are  claimed  as  the  real  reasons  for  ob- 
taining a  motor  car.  Effective  transportation  with 
economy  in  vehicle  operation  and  upkeep  is  a  secondary 
matter,  in  the  case  of  passenger-car  types  used  by  in- 
dividuals. This  is  so  in  civil  life;  so  it  was  in  the  Army, 
among  regular  and  temporary  officers  alike. 

Again  note  the  influence  of  pre-war  commercial  prac- 
tice on  military  transport.  Every  small  organization  in 
our  Army  was  issued  animal-drawn  and  motor-drawn 
vehicles  according  to  the  weight  and  cubic  measurement 
of  its  impedimenta,  and  the  ammunition,  food  and  other 
supplies  required  for  its  independent  road  movements 
and  action  for  a  given  number  of  days.  These  vehicles 
were  controlled  solely  by  immediate  commanders  who 
had  no  power  to  control  general  traffic,  except  to  gum 
it  up,  and  no  practical  knowledge  or  means  of  keeping 
their  vehicles  in  a  constant  state  of  mechanical  effi- 
ciency, with  economy  in  use  and  repair.  This  was  abso- 
lutely the  replica  of  commercial  practice  in  the  trucking 
game.  Here  in  the  United  States,  the  1,364,000  or  more 
trucks  which  have  been  built  so  far  are  held  in  compara- 
tively small  fleets  by  companies  that  cannot  afford  to 
combine  in  their  private  trucking  services  adequate 
means  for  complete  maintenance,  which  alone  is  capable 
of  reducing  the  costs  of  vehicle  operations  and  upkeep 
to  its  most  effective  and  most  economical  basis. 

The  number  of  small,  private  fleet-owners  who  have 
operated  trucks  without  realizing  potential  profits,  and 
even  at  a  loss,  is  better  known  in  the  automobile  indus- 
try than  anywhere  else.  There  have  been  some  interest- 
ing data  furnished  on  this  subject  by  the  Curtis  Pub- 
lishing Co.  and  other  sources.    Accurate  cost  accounting 
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in  trucking  has  not  been  practised  much  more  in  com- 
merce than  it  was  in  the  Army  during  the  war.  Vei-y 
few  companies,  I  venture  to  say,  know  exactly  how  their 
operating  and  maintenance  costs  compare  with  what  their 
vehicle  equipment  should  cost  to  operate  and  maintain, 
or  whether  revenues  realized  with  new  vehicles  will  con- 
tinue as  the  vehicles  deteriorate.  There  is  no  possible 
way  to  obtain  comprehensive  and  reliable  cost  accounts 
from  a  decentralized  system  of  trucking.  As  to  the  ex- 
ercise of  highway-traffic  control  and  the  coordination  of 
highway-transport  movements  with  rail  and  water  move- 
ments in  accordance  with  a  regulated  supply  and  de- 
mand, no  such  thing  was  practised  in  commercial  truck- 
ing and  therefore  none  was  practised  in  the  Army.  The 
problem  of  highway-traffic  control  is  bound,  in  the  near 
future,  to  become  fully  as  interesting  and  urgent  in  com- 
merce as  it  was  in  the  hectic  movements  of  war;  that  is, 
if  the  production  of  passenger  cars  and  the  construction 
of  highways  are  any  indication  of  what  the  next  5  years 
will  bring  forth  in  the  way  of  cargo-carrying  trucks  and 
tractors. 

In  dealing  with  the  growing  use  of  motor  trucks  in 
American  commerce  and  their  relation  to  the  railways, 
in  which  the  Country  has  vital  interests  of  a  financial 
and  a  practical  nature,  transportation  engineers  are  face 
to  face  with  the  same  questions  that  were  faced  in  war- 
time transportation.  Some  of  them  are  the  same  en- 
gineers who  wrote  into  our  military  laws  the  conception 
and  vision  which  in  1917  and  1918,  only  about  5  years 
ago,  they  had  concerning  motor  transportation.  It  will 
be  very  interesting  to  see  whether  their  vision  and  under- 
standing concerning  motor  transportation  have  developed 
at  all  since  then,  and  how  they  have  developed.  In  De- 
cember, 1917,  one  of  our  pioneer  motor-transport  officers 
submitted  to  G.  H.  Q.  a  draft  of  the  order  that  created 
the  Motor-Transport  Service.  An  engineer  on  the  Gen- 
eral Staff,  who  now  holds  an  important  position  as  a 
consulting  engineer  in  general  commercial  transporta- 
tion, revised  and  edited  this  draft  and  wrote  into  the 
order  the  following  vision  of  motor  transportation.  His 
conception  became  military  law  when  signed  by  the  Chief 
of  Staff,  who  needs  must  rely  upon  the  judgment  of  his 
engineers  in  such  matters.    The  order  states 

The  Motor-Transport  Service  has  no  responsibility 
in  connection  with  the  operation  of  authorized  M.  T.  S. 
vehicles  and  units  after  their  assignment  by  competent 
orders  to  units  or  to  other  services.  All  movements  of 
transport  so  assigned  are  controlled  directly  by  appro- 
priate commanders.  .  .  .  The  principles  enunciated  in 
(/)  (this  refers  to  sentences  just  read),  are  further 
emphasized  by  the  following  simile:  An  authorized 
automobile  or  automobile  unit,  after  assignment  to  an 
organization,  is  exactly  on  the  basis  of  a  horse,  mule 
or  field  train  assigned  to  a  regiment,  and  therefore  the 
authority  of  the  M.  T.  S.  over  the  vehicle  or  unit  so 
attached  does  not  exceed  the  corresponding  authority 
of  the  remount  or  other  service  over  the  animals,  ve- 
hicles and  transport  units  similarly  assigned. 

This  idea  that  an  automobile  took  the  place  of  an  of- 
ficer's charger  and  that  a  truck  took  the  place  of  the 
old  Army  mule  is  stamped  indelibly  upon  the  minds  of 
many  Army  officers.  It  also  prevails  outside  of  the  Army, 
where  the  family  phaeton  and  "Old  Dobbin"  have  given 
place  to  phaeton  and  sedan  motor  cars.  The  rich  man's 
coach  is  replaced  by  his  limousine.  Every  conceivable 
kind  of  a  mule  or  horse-drawn  cart  or  wagon  has  been 
replaced  by  a  similar  motor-driven  vehicle  under  the 
same  kind  of  decentralized  ownership  as  in  the  case  of 
its  animal-drawn  predecessor. 

Individually    operated    vehicles    and    small    fleets    can 


never  give  an  effective  and  economical  highway-transport 
service  in  commerce,  any  moi-e  than  they  did  in  the  war. 
Already  they  are  combining  into  larger  services.  Wit- 
ness the  taxicab  companies,  the  American  Railway  Ex- 
press Co.,  and  others.  These  are  steps  in  the  right  direc- 
tion, but  we  need  to  speed  up  the  process.  Transporta- 
tion requires  larger  trucking  companies  in  closer  com- 
bination with  railways  and  waterways. 

Shortly  after  the  issue  of  the  December,  1917,  order, 
which  damned  the  motor  truck  as  a  muleish  thing  and 
the  Motor-Transport  Service  as  nothing  more  than  a  hos- 
pital service  for  trucks,  the  author  of  that  limited  idea 
moved  out  of  the  sphere  of  direct  influence  on  military 
motor  transportation.  An  order  was  then  issued  from 
G.  H.  Q.  which  created  the  Motor-Transport  Corps  in 
the  A.  E.  F.  This  order  showed  greater  vision  and  a 
growing  understanding  in  that  it  gave  this  specialized 
corps,  equipped  to  operate  motor  vehicles,  operating  con- 
trol over  some  of  the  motor  vehicles  in  the  A.  E.  F. 
It  provided  for  the  organization  of  motor-transport  units 
for  general  trucking  purposes.  The  majority  of  motor 
vehicles  were  issued  to  other  services,  however,  and 
therefore  exempted  from  being  included  in  the  organi- 
zation of  a  Motor-Transport  Service. 

Although  the  order  of  May,  1918,  was  a  great  step 
forward  over  the  order  of  December,  1917,  the  substitute 
of  a  truck  for  a  mule  idea  which  had  been  given  the 
Army  interfered  with  all  subsequent  efforts  to  centralize 
and  coordinate  motor  transportation.  Even  under  the 
May  order,  no  one  authority  could  be  held  responsible 
for  conducting  satisfactory  road  movements.  Always, 
although  we  had  more  trucks  than  the  French,  we  had 
to  have  help  from  them  in  moving  our  troops  in  battle. 
We  were  not  experiencing  a  saving  of  4000  truck  drivers 
and  "drawing  the  fullest  advantage  from  our  road  trans- 
port" which  followed  the  British  centralization  of  con- 
trol over  motor  trucks. 

Highway-traffic  control,  at  this  period,  was  looked  upon 
as  a  matter  of  giving  orders  to  combat  and  supply  organi- 
zations to  make  road  movements,  and  then  of  giving 
further  orders  to  military  police  to  stand  at  the  cross- 
roads like  traffic  officers  in  America  to  keep  the  vehicles 
moving.  The  railroad  idea  of  traffic  control,  with  its 
comprehensive  inclusion  of  coordinated  movements  of 
passengers  and  freight,  made  by  an  operating  service 
and  supported  by  organized  maintenance  of  way  and 
equipment,  came  very  slowly.  The  still  more  advanced 
idea  of  general  traffic  control,  that  is,  controlling  and  co- 
ordinating the  required  movements  of  passenger  traffic 
and  freight  traffic  through  terminals  and  ports,  over  rail- 
ways, waterways  and  highways,  each  service  made  up  of 
its  own  specialized  branches  of  Operation  and  of  Main- 
tenance, was  not  to  be  expected  until  the  threat  of  im- 
pending disaster  to  most  important  missions  became  a 
compelling  factor  in  the  general  situation.  It  would  re- 
quire a  very  large  book  to  hold  all  there  is  to  tell  about 
the  evils  of  decentralized  motor  transportation,  and  of 
failure  to  realize  the  necessity  of  coordination  and  con- 
tinuity of  movements  throughout  the  network  of  general 
transportation. 

As  an  example  of  the  result  of  broken  continuity  in 
general  transportation,  I  will  refer  to  the  report  of  E.  A. 
Halblieb  and  J.  W.  Tracey,  who  were  sent  to  Europe 
by  Dodge  Bros,  in  the  fall  of  1918.  Dodge  cars  were 
facing  a  general  breakdown,  although  the  Dodge  company 
had  supplied  all  the  spare  parts  requisitioned.  We  had 
mountains  of  Dodge  parts  in  the  Advance  Section,  but 
certain  vital  parts,  required  in  extraordinary  quantities 
as  a  result  of  the  unforeseen  and  excessive  demands  of  the 
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decentralized  trucking  system  in  the  armies,  were  not  in 
France.  Other  makes  of  vehicle  were  also  approaching 
a  general  breakdown  and  need  of  overhaul.  With  a  break- 
down in  our  motor  transport,  unless  French  and  British 
transport  could  have  been  substituted,  the  American 
offensive,  then  rolling  back  the  Hindenburg  line,  would 
have  been  halted.  Forward  units  could  not  have  ad- 
vanced, rail-heads  and  dumps  could  not  have  been  cleared, 
rail  trunk-lines  and  ports  would  have  been  hopelessly 
congested,  rail  movements  at  home  and  overseas  ship- 
ments, expanded  to  support  our  offensive  campaign,  would 
have  further  flooded  the  already  congested  ports.  The 
whole  general  system  of  overseas  movements  was  threat- 
ened by  the  spare-parts  situation  in  motor  transportation. 
Had  the  war  and  our  decentralized  system  of  trucking 
continued  a  few  weeks  longer,  we  would,  I  am  confident, 
have  encountered  this  very  serious  situation.  It  would 
have  been  similar  to  the  British  experience  during  the 
Somme  offensive  in  1916,  and  the  work  of  coordinating 
our  overseas  movements,  the  greatest  transportation  un- 
dertaking the  world  has  ever  seen,  would  have  been  harder 
and  would  have  taken  longer  than  it  did  with  the  British, 
because  of  the  greater  distances  and  difficulties  of  com- 
munication. The  British  transportation  expert,  whom  I 
quoted  earlier  in  my  paper"  might  have  been  writing  of 
the  American  transportation  situation  when  he  said: 

While  one  may  consider  transportation  problems  as 
they  arose  in  any  particular  theater,  the  fact  must 
never  be  ignored  that  these  problems  were,  as  a  rule, 
merely  manifestations  of  causes  which  arose  at  places 
possibly  remote  from  the  theater  in  question.  Trans- 
portation in  any  area  is,  in  other  words,  merely  a  link 
in  a  chain,  or  rather  a  small  area  in  a  network,  of  pro- 
cesses which  proceed  simultaneously  in  many  widely 
separated  parts  of  the  world:  Any  disturbing  cause  in 
one  part  of  this  network  is  bound  to  have  its  repercus- 
sion in  the  particular  locality  under  consideration,  and 
the  delicacy  of  the  machinery  involved  is  such  that  a 
slight  maladjustment  in  one  process  may  have  a  con- 
siderable and  even  a  disproportionate  effect  for  evil  in 
the  supply  of  an  army. 

In  looking  toward  the  future  of  motor  trucking  and  in 
adopting  a  national  policy  of  transportation,  this  estab- 
lished truth  should  not  be  overlooked.  It  is  not  only 
essential  to  preserve  this  broad  vision  of  world  trans- 
portation in  formulating  national  policies,  it  is  also  neces- 
sary for  the  automobile  industry,  the  railroads  and  the 
truckers  to  build  in  harmony  with  it,  if  they  wish  to 
build  on  solid  foundations  that  will  withstand  the  strains 
of  increased  movements  due  to  war  or  national  expan- 
sion. 

Post-War  Transportation 

I  have  barely  touched  upon  pre-war  transportation, 
but  enough  to  show  that  it  was  one  of  uneven  and  un- 
coordinated development  of  specialized  services.  Sea 
transport  dominated  in  Great  Britain,  railroad  trans- 
port dominated  in  Europe  and  the  United  States. 
Canal  and  river  transport  flourished  in  Europe  until 
interrupted  by  the  war.  Highway  transport  was  every- 
where a  matter  of  supplying  and  operating  individual 
vehicles,  or  small  independent  fleets. 

I  have  shown  more  at  length  the  evolution  of  trans- 
portation throughout  the  war,  the  similar  experiences 
of  the  French,  British  and  American  Armies  with  regard 
to  motor  transportation  and  its  development  as  an  or- 
ganized service  for  general  purposes.  I  have  indicated 
the  development  of  coordinated  waterway,  railway  and 


8  See  Journal  of  the  Royal    United  Service  Institution    (London), 
November.    1921,   p.    699. 


highway  transportation  as  a  result  of  war-time  traffic, 
with  its  probable  effect  upon  the  world's  history  in  the 
part  it  played  during  the  Somme  offensive  and  the  drives 
of  1918. 

We  have  done  with  war,  so  far  as  this  generation  is 
concerned,  I  hope.     So  far  as  future  wars  are  concerned, 
our  armies  will  enter  them  with  whatever  transportation 
practices    are   general    in    commerce   at   the   time.     We 
cannot  afford  to  create  a  national  transportation  system 
for  war  alone.     Ideas  of  special  preparedness  measures 
in  transportation,  contrary  to  commercial  interests,  are 
entirely   impractical.     As  the  history  of  transportation 
is  reviewed  50  to  100  years  from  now  by  students  who 
are  interested  in  its  development,  the  influences  of  the 
World  War  will  be  seen  more  clearly  than  they  are  at 
present.    We  are  still  too  near  the  war  for  every  one  to 
gain  a  clear  perspective  easily.     Those  who  know  have 
not  yet  completed  writing  the   full,   comprehensive   ac- 
counts that  will  make  up  the  history  of  the  world's  war- 
time transportation.     This  much  can  be  said,  however, 
as  it  has  happened  in  every  other  great  human  activity, 
as  it  happened  in  Europe  after  the  Franco-Prussian  War 
in  regard  to   railroad  transportation;   the  war  will   in- 
fluence post-war  development  of  transportation  in  direct 
proportion   to   the   intensity  of  suffering   or  of   success 
which  attended  war-time  experience.     England  will  not 
forget  the  Somme.    France  knows  the  importance  of  or- 
ganized highway  transport,  as  it  undoubtedly  saved  Paris 
in   1914  and   1918.     Germany  will  remember  that  when 
her  advanced  armies  were  almost  in  sight  of  Paris  they 
could  not  go  on,  or  even  hold  their  ground,  because  the 
extended  German  transportation  system  failed  to  move 
up  the  required  supplies. 

The  United  States,  saved  from  suffering  any  reverses 
or  extreme  anxiety  by  an  armistice  that  was  signed 
within  6  months  after  serious  American  fighting  began, 
is  more  apt  to  miss  the  significance  of  the  war's  great 
teachings.  Already  we  have  shown  that  we  do  not  con- 
sider it  necessary  to  control  the  overseas  transportation 
of  our  imports  and  exports.  The  relation  which  a  sea 
transport,  when  coordinated  with  our  railways  and  high- 
ways, might  bear  toward  regulating  the  overproduction 
on  our  farms  with  the  starvation  which  has  been  rampant 
in  foreign  countries,  has  not  been  understood.  Perhaps 
those  millions  who  starve  could  not  have  paid  for  our 
supplies  and  transportation.  Certainly  those  who  die 
can  never  trade  with  us  in  the  future.  Perhaps  it  is 
just  as  well  for  us  to  let  the  sea  and  foreign  markets 
take  care  of  themselves  until  we  have  solved  the  problem 
of  our  continental  transportation.  Here  we  have  live 
questions  of  overland  and  inland-waterway  transport  to 
settle.  Shall  they  continue  as  separate,  independent 
establishments  competing  with  each  other,  destroying 
valuable  public  investments  of  yesterday  to  enhance  the 
value  of  new  investments  of  today,  or  shall  tomorrow's 
investments  be  combined  and  coordinated  with  those  of 
today  and  yesterday  to  save  our  capital,  produce  new 
earning  power  and  build  for  us  a  system  of  freer  move- 
ments that  shall  effect  greater  savings  and  profits  for 
carriers  and  shippers,  for  labor  and  capital,  for  the  entire 
population  of  our  Country? 

I  certainly  believe  that  all  this  can  be  done,  not  by 
killing  competition,  not  necessarily  by  Government  own- 
ership, but  by  private  enterprises  that  are  joined  to  effect 
powerful  combinations  in  rail,  water  and  highway  trans- 
port. 

The  experiences  of  war  which  I  have  recounted  to 
you  and  recent  happenings  in  regard  to  commercial 
transportation  give  ample  evidence  as  to  how  these  bene- 
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fits  may  come  to  us.  On  Jan.  27,  1923,  a  distinguished 
group  of  transportation  executives  met  in  New  York 
City  at  the  call  of  Julius  H.  Barnes,  president  of  the 
Chamber  of  Commerce  of  the  United  States.  The  Sec- 
retary of  Commerce,  Herbert  Hoover,  was  present.  The 
resolutions  drawn  up  at  this  meeting  have  been  pub- 
lished' and  are  familiar  to  all  transportation  men.  They 
provide  for  a  comprehensive  study  of  the  whole  question 
of  national  transportation  with  a  view  to  formulating 
a  "coordinated  national-transportation  policy." 

Our  cabinet  ministers  have  been  discussing  national 
transportation.  At  a  recent  meeting,  I  am  informed, 
the  subject  of  our  coast-to-coast  traffic  came  up  for  con- 
sideration. Government  figures  indicate  that,  if  the 
traffic  which  passes  through  the  Panama  Canal  continues 
to  increase  at  the  present  rate,  the  capacity  of  the  canal 
will  be  reached  in  a  comparatively  few  years.  The  ques- 
tion of  enlarging  the  Panama  Canal  or  of  establishing 
a  new  and  shorter  route  by  digging  the  Nicaraguan 
Canal  arises,  the  idea  being  to  relieve  congestion  on  the 
transcontinental  railroads.  This  is  another  long  link  in 
our  national  network  of  transportation  which  must  be  co- 
ordinated with  railway  and  highway  transportation. 

On  Dec.  7,  1922,  President  Harding,  in  his  message 
to  Congress  said: 

Manifestly,  we  have  need  to  begin  on  plans  to  coor- 
dinate all  transportation  facilities.  We  should  more 
effectively  connect-up  our  rail  lines  with  our  carriers 
by  sea.  We  ought  to  reap  some  benefit  from  the  hun- 
dreds of  millions  expended  on  inland  waterways,  prov- 
ing our  capacity  to  utilize  as  well  as  expend.  We  ought 
to  turn  the  motor  truck  into  a  railway  feeder  and  dis- 
tributor instead  of  a  destroying  competitor.  .  .  . 
Costly  highways  ought  to  be  made  to  serve  as  feeders 
rather  than  competitors  of  the  railroads,  and  the  motor 
truck  should  become  a  coordinate  factor  in  our  great 
distributing  system. 

The  Army  has  been  working  along  these  lines  for 
several  years  and  already  has  such  a  plan  which  it  is 
ready  to  present  as  a  peace-time  industrial-service  and 
a  step  forward  in  national  defense. 

THE  ARMY  PLAN  OF  HIGHWAY  TRANSPORT 

National  plans  for  coordinating  transportation  facili- 
ties in  the  United  States  and  for  developing  highway 
transport  in  commerce  as  the  coordinating  factor,  should 
be  based  on  the  best  and  broadest  practices  developed 
during  the  unusually  heavy  traffic  strains  of  war.  The 
motor-transport  organization  in  the  Service  of  Supply 
in  France  forms  a  very  definite  background  for  the 
study  and  planning  of  highway-transport  organization  in 
the  United  States.  Some  idea  of  the  plan  of  the 
centralized  Motor-Transport  Service  in  the  S.  0.  S.  in 
France  can  be  gained  from  a  map,  which  is  reproduced 
in  Fig.  1,  showing  the  motor-transport  repair-activities 
in  the  Service  of  Supply,  A.  E.  F.,  as  they  existed  on 
Nov.  11,  1918. 

The  resemblance  of  this  motor-transport  mainte- 
nance organization  in  the  Service  of  Supply,  A.  E.  F.,  to 
the  plan  of  a  National  Motor-Transport  Service  in  the 
United  States  is  striking.  See  Fig.  2.  The  concentra- 
tion of  population  and  motor  vehicles  and  the  close  net- 
work of  improved  highways  and  motor-transport  centers 
in  the  northeastern  portion  of  both  maps  make  the  two 
problems  appear  much  alike. 

The  Army  plan  for  organizing  a  National  Highway- 
Transport  Service  in  this  Country  and  for  coordinating 
it  with  Railway  and  Waterway  Transportation  has  been 


developed  in  several  recent  studies  which  have  been  in- 
corporated into  a  base  plan  for  the  United  States.  This 
plan  of  a  nation-wide  motor-transport  service  might  be 
developed  privately  in  commerce  or  publicly  for  war  or 
other  emergency,  wherein  the  objects  sought  are  freedom 
of  movement  in  general  transportation  with  the  greatest 
effectiveness  and  economy  of  effort  and  capital  invested. 

This  is  not  an  academic  study  for  war  or  other 
emergency.  It  is  true  that  it  will  serve  in  such  events 
as  a  basic  plan,  from  which  to  construct  operating  plans 
to  fit  the  general  circumstances  and  special  require- 
ments of  whatever  emergency  may  arise.  The  primary 
purpose  of  this  presentation  is  purely  for  the  benefit  of 
commerce  and  public  economy.  The  benefits  of  this  plan, 
which  will  first  be  felt  among  the  truckers  in  making 
operation  and  maintenance  financially  safer  and  more 
lucrative,  will,  I  confidently  believe,  quickly  spread  to 
railway  and  waterway  carriers,  and  thereby,  with  multi- 
plying effect  to  transportation  capital,  transportation 
labor,  the  shipping  and  traveling  public  and  finally  the 
Country  generally.  This  plan  suggests  organization  of 
highway  transport  as  the  coordinating  factor  in  general 
transportation.  Its  details  are  not  complete,  but  its 
principles  have  been  sufficiently  tested  to  prove  their 
value  as  a  foundation  upon  which  to  build. 

This  plan  will  serve  as  a  basis  upon  which  trucking 
companies  can  combine   in  any  city,  state  or  group  of 


'See  Automotive  Industries,  March   8,   1923,  p.   578. 


FiQ-  1 — Location  op  Motor  Transport  Corps  Repair  Activities  in 
the  Service  of  Supply,  A.  B.  F.,  as  They  Existed  Nov.  11.  1918 

These  Activities  Embraced  All  Automotive  Repairs  for  the  Entire 
A.  E.  P.,  except  Minor  Repairs  of  Vehicles  Made  by  the  Combat 
Divisions  in  Battle  Areas.  Rail-Heads  and  Motor-Transport  Centers, 
in  Other  Words  Traffic  Centers,  Were  in  the  General  Vicinity  of 
These   Repair  Activities 
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states  in  the  larger  organization  of  highway  transporta- 
tion, found  in  war-time  service  to  be  the  only  kind  of 
motor-transport  organization  that  would  permit  the 
realization  of  very  great  economies  in  operation  and 
maintenance.  These  larger  organizations  produce  more 
effective  and  therefore  more  profitable  traffic  operations. 
They  permit  a  reduction  in  vehicles  in  congested  streets 
without  restricting  the  general  production  and  sale  of 
vehicles  throughout  the  Country.  Many  of  the  congested 
traffic  problems,  now  puzzling  city  engineers,  will  auto- 
matically disappear  under  good  centralization  in  or- 
ganizing highway  transport.  The  plan  will  serve  as  a 
basis  for  combining  railway,  waterway  and  highway- 
transportation  companies,  for  the  realization  of  even 
greater  economies  in  joint  operation  and  maintenance 
than  are  possible  in  separate  operation  and  maintenance. 
The  plan  is  particularly  applicable  and  interesting  in 
the  study  of  national-transportation  policies  which  are 
being  contemplated  with  a  view  to  coordinating  all  trans- 
portation facilities.  Lines  of  thought  and  effort  in  all 
the  different  activities  that  go  to  make  up  our  national 
scheme  of  supply  and  transportation  can  be  given  a 
general  direction  and  coordination  by  the  adoption  of  a 
basic  plan  like  this  in  private  enterprise,  industrial  com- 
merce or  public  emergency. 

On  the  map  of  a  "National  Motor-Transport- 
Service,"  shown  in  Figs.  3  and  4,  traffic  centers  are  in- 
dicated by  small  circles  drawn  with  a  radius  of  10  miles, 
as  per  map  scale.  These  have  been  established  by  many 
Army  engineers  working  in  the  field  on  this  study.  They 
are  tentative  centers  only  and  may  be  abandoned  or  re- 
placed by  others  as  the  study  proceeds  or  changes.  The 
principles  which  apply  to  the  selection  of  traffic  centers 
are  as  follows:  Highway-traffic  centers  should  coincide 
with  railway  and  waterway-traffic  centers  to  make  pos- 
sible the  practical  coordination  of  terminal  and  line 
operations,  in  all  three  transportation  systems.  The 
general-traffic  centers  thus  formed  should  be  reduced  to 
a  minimum  and  located  so  as  to  permit  the  reduction  of 
terminal  operations  and  overhead  costs,  with  the  maximum 
control  over  traffic  in  all  three  systems,  using  rail  and 
water  transport  for  long  hauls  and  highway  transport 
for  collection  and  delivery  and  for  short  and  broken  hauls. 

The  following  important  requirements  are  fulfilled 
in  the  National  Highway  Transport  Service  planned  by 
the  Army  in  its  proposed  general  plan  for  coordinating 
our  national  transportation  facilities.  The  principal  rail- 
way systems  of  the  United  States  pass  through  and  con- 
nect the  principal  general-traffic  centers  tentatively 
selected.  The  principal  Coast  and  Lake  ports  coincide 
with  important  general-traffic  centers.  The  navigable 
rivers  and  canals,  shown  in  our  river  and  harbor  projects, 
also  pass  through  the  principal  centers  located  in  the 
vicinity  of  such  waterways.  Most  of  the  highways  shown 
in  our  federal-highway  project,  a  project  of  the  greatest 
national  interest  and  importance,  pass  through  the  prin- 
cipal general-traffic  centers.  The  principal  highways 
already  in  existence,  improved  and  unimproved,  as  shown 
by  the  Automobile  Blue  Book  and  American  Automobile 
Association  maps,  pass  through  and  connect  almost  all 
of  these  general  traffic  centers.  The  principal  Blue  Book 
routes  are  the  ones  used  in  this  particular  study. 

The  majority  of  these  general-traffic  centers,  as  they 
now  stand,  occupy  positions  of  great  strategic  value  in 
our  national  commerce,  and  in  any  scheme  of  national 
transportation  which  may  be  considered.  Highway  trans- 
port organizations  established  at  these  points  will  be  able 
to  participate  in,  if  not  control,  most  of  the  highway 
movements  of  the  Country.    They  are  in  close  proximity 


to  the  great  markets  and  storage  centers,  and  within  easy 
trucking  distances  of  all  the  collecting  and  delivery  points 
in  the  fields  of  our  principal  industries;  agriculture, 
transportation,   manufacturing  and  mining. 

If  any  serious  disaster  ever  threatened  this  Country, 
an  emergency  transportation  system  could  be  organized 
quickly  on  these  points  with  absolute  certainty  of  estab- 
lishing a  basic  network  upon  which  to  hold  our  Nation 
together,  with  sufficient  means  of  movement  to  assure 
our  people  of  a  regular  supply  of  food,  fuel  and  other 
necessaries  of  life.  If  commercial  war  between  railroad 
transportation  and  highway  transportation  should  un- 
happily result  from  a  failure  to  find  and  adopt  a  general 
plan  for  coordination  and  cooperation  in  overland  trans- 
portation, these  or  similar  points,  because  of  their  relation 
to  the  general  traffic  of  the  Country,  will  prove  to  be 
commanding  points  in  the  contest.  Until  other  centers 
are  added  or  substituted,  these  will  serve  for  further 
study. 

If  the  science  of  transportation  is  the  same  in  com- 
merce and  war,  and  success  in  applying  such  a  science 
depends  upon  the  superiority  with  which  the  factors 
that  enter  into  transportation  are  combined  and  operated, 
we  can  dismiss  the  thought  that  this  plan  smacks  of  war 
and  emergency  and  confine  our  thoughts  solely  to  com- 
mercial requirements,  content  that  it  has  been  proved  in 
war  and  will  work  for  the  public  good  in  emergencies. 
We  will  turn  our  thoughts  toward  solving  the  transpor- 
tation problem  for  expanding  traffic,  future  railroad- 
blocks  and  congestion  due  thereto,  unsatisfactory  financial 
conditions,  riddles  in  truck  and  highway  development 
and  the  troublesome  question :  "How  will  motor  transport 
affect  the  railroads?"  The  details  of  just  howT  this  or  any 
other  national  plan  of  transportation  will  be  developed 
in  commerce  must  be  left  to  commerce.  The  Army  can 
simply  outline  general  procedure  of  a  cooperative  nature. 

To  demonstrate  this  study  fully,  it  will  be  necessary 
to  assume  certain  steps  and  actions.  Assume  that  the 
Pennsylvania  Railroad  and  other  large  railroad  systems 
called  meetings  of  the  leading  truckers  along  their  lines 
to  consider  ways  and  means  of  developing  a  highway 
transport,  to  operate  from  traffic  centers,  mutually  estab- 
lished at  strategic  points,  in  a  service  of  highway  collec- 
tion and  distribution,  primarily,  with  regard  to  railroads, 
and  assume  that  they  all  used  this  Army  plan  as  a  basis 
upon  which  to  work  up  their  resolutions.  It  would  not 
matter  vitally  whether  the  railroads  established  owner- 
ship over  the  highway-transport  organizations  which 
might  be  formed  at  these  traffic  centers,  or  simply  agreed 
to  do  business  with  them  if  they  combined  and  subscribed 
to  contracts  which  would  establish  a  means  of  coordina- 
tion and  avoid  unscientific  competition  and  consequent 
economic  waste. 

Assume,  if  you  will,  that  the  Society  of  Automotive 
Engineers  or  the  Chamber  of  Commerce  of  the  United 
States  called  such  a  meeting,  or  several  meetings,  of 
truckers  throughout  the  Country  to  consider  ways  and 
means  of  organizing  highway-transport  centers  under 
this  general  plan.  Such  companies  might  combine  along 
the  principal  railroad  systems  or  within  a  state  or  group 
of  states,  and  then  effect  business  contracts  with  rail- 
roads, steamship  lines  and  industrial  and  mercantile  firms 
to  handle  terminal  operation,  less-than-carload  freight 
and  door-to-door  services. 

Many  such  highway  or  motor-transport  companies 
might  form  in  these  or  other  centers.  Their  organization, 
if  in  conformity  with  this  or  any  other  general  plan, 
would  constitute  a  national  system  of  coordinated  trans- 
portation.    All  transportation   agencies  might  not   sub- 
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scribe  to  this  or  any  general  plan.  The  fact  that  a 
number  throughout  the  Country  did  subscribe  or  conform 
to  a  general  plan  which  would  provide  for  centralizing 
coordinating  functions  over  their  general  transportation 
systems  would  be  sufficient  to  establish  a  skeletonized, 
national,  coordinated  transportation  service.  The  forma- 
tion of  such  organizations  would  not  stifle  the  principle 
of  competition.  It  would  tend  by  natural  methods  to 
enforce  the  adoption  of  similar  or  better  principles 
under  the  stress  of  business  competition,  just  as  it  did 
under  military  competition  in  war.  General  adoption  of 
such  a  plan  would  enable  all  conforming  transportation 
companies  to  join  quickly,  for  a  temporarily  combined 
service,  under  Government  direction  or  coordination,  in 
emergencies,  without  the  confusion,  waste  and  injury  to 
private  ownership  that  has  attended  past  emergencies. 
Conforming  companies  could  fit  quickly  into  the  general 
network  of  national  transportation,  and  could  operate 
with  their  normal  personnel  and  machinery  under  a  com- 
mon plan,  the  general  principles  of  which  were  not  differ- 
ent from  their  habitual  practices. 

Even  if  no  such  combination  as  this  plan  suggests 
were  ever  made  between  railway,  waterway  and  high- 
way-transport companies,  the  principles  of  the  Army  plan 
might  be  made  to  render  a  great  public  service  by  co- 
ordinating the  policies  of  railroad  and  highway  develop- 
ment. It  forms  a  reference  on  file  in  Washington  which 
the  two  great  transportation  industries  can  use  to  work 
out  amicably  and  with  mutual  benefit  problems  of  high- 
way construction,  maintenance  and  taxation.  It  shows 
definitely  how  motor  transport  can  be  organized  to  aid 
and  not  injure  railroad  transportation.  There  could  be 
no  material  differences  or  commercial  war  between  the 
two  industries,  were  they  to  adopt  such  a  coordinating 
plan  as  this  and  cooperate  with  each  other  as  it  provides. 

In  the  construction  of  highway  systems  alone,  some 
national  coordinating  plan  like  this  is  needed  before  we 
expend  hundreds  of  millions  of  dollars  on  highways  that 
may  not  be  in  accord  with  national  policies  affecting 
general  transportation.  The  railroad  companies  as  a 
whole  are  interested  in  the  general  character  of  the 
highways  that  are  to  be  constructed.  If  truck  highways 
are  to  be  long  trunk-line  affairs  paralleling  the  railroads 
and  suggesting  competition  with  them  in  long  hauls,  we 
may  be  sure  there  will  be,  sooner  or  later,  a  commercial 
war  between  the  railroads  and  the  truckers.  If  highways 
generally  radiate  for  comparatively  short  distances  from 
railway  terminals  and  stops,  obviously  to  provide  high- 
way transportation  for  the  collection  and  the  distribution 
of  railroad  cargoes,  the  railroads  must  soon  give  hearty 
support  to  such  a  program  of  highway  construction. 

We  need,  of  course,  long  highway  routes  from  the 
East  coast  to  the  West  and  from  Canada  to  Mexico, 
for  touring,  for  national  defense  and  for  supplementing 
railroad  transportation  in  periods  of  railroad-traffic  blocks 
and  other  transportation  emergencies.  These  will  not  be 
opposed  by  the  railroads  in  any  such  national  plan  as 
this,  which  emphasizes  the  importance  of  radial  and  belt- 
line  highways  constructed  with  reference  to  railway-traffic 
centers. 

Nothing  could  be  worse  from  the  point  of  view  of 
the  automotive  industry,  or  the  public,  than  to  spend 
many  millions  of  dollars  of  public  funds  in  constructing 
highways  that  failed  to  show  a  reasonable  profit  in  com- 
mercial use.  It  would  not  be  long  before  there  was 
developed  a  situation  wherein  capital  for  road  and  truck 
construction  would  be  hard  to  get.  Such  a  situation 
would  surely  follow  a  successful  fight  by  the  railroad 
interests  against  the  construction  and  the  commercial  use 


of  automobile  highways.  The  railroads  themselves  would 
lose,  potentially,  very  heavily  were  they  forced  to  take 
such  defensive  action  through  an  unwise,  blind  or  un- 
coordinated and  competitive  policy  in  highway-transport 
development. 

Development  of  the  Army  Plan 

You  will  find  the  successive  steps  taken  in  develop- 
ing this  plan  both  interesting  and  clarifying.  The  sub- 
ject is  too  immense,  of  course,  to  show  much  of  any  detail 
in  a  map  of  a  nation-wide  transportation  system.  I  will 
begin  with  a  city  and  work  up  to  this  national  plan. 
Shortly  after  my  return  from  France,  in  March,  1919, 
I  was  assigned  as  Motor-Transport  Officer  of  what  was 
then  the  Eastern  Department,  on  the  staff  of  the  Com- 
manding General  at  Governors  Island,  N.  Y.  The  area 
was  a  large  one,  embracing  all  military  activities,  in  the 
states  of  New  York,  New  Jersey,  Delaware,  Pennsyl- 
vania, Maryland  and  Virginia,  including  the  City  of 
Washington.  The  Army  Motor-Transport  Service  in 
that  area  in  March,  1919,  was  completely  decentralized, 
and,  in  consequence,  suffering  from  the  same  evils  and 
extravagances  we  had  experienced  in  our  early  service 
in  the  A.  E.  F.  The  centralization  of  automotive  repair 
and  supply  in  large  depots  like  Camp  Holabird,  Md., 
Camp  Jesup,  Ga.,  and  Camp  Normoyle,  Tex.,  was  under- 
stood as  completing  the  organization  of  the  Motor-Trans- 
port Service.  Organization  of  the  traffic  or  operation 
branch  and  the  organization  of  centralized  administration 
had  not  been  accomplished.  With  the  decision  of  the 
Commanding  General  of  this  area,  so  important  from  a 
transportation  point  of  view,  to  organize  a  centralized 
service  of  motor  transport  there  was  presented  an  ex- 
ceptional opportunity  to  make  a  practical  study  of  the 
transportation  problem  here  in  the  United  States,  im- 
mediately following  the  completion  of  the  A.  E.  F.  ex- 
perience. 

The  "Port  of  Embarkation"  situated  in  New  York 
City,  in  Brooklyn  and  in  Hoboken,  N.  J.,  had  a  very  active 
and  extensive  motor-transport  service  but,  because  of 
its  separation  from  all  surrounding  motor-transport 
activities,  it  was  also  a  very  expensive  one,  absorbing  all 
the  funds  allotted  for  its  operation  that  should  have 
taken  care  of  many  near-by,  small,  isolated  fleets  of  Army 
vehicles  over  which  there  was  no  effective  supervision. 

The  plan  of  centralized  service  was  applied  as  well 
as  it  could  be,  except  to  the  New  York  Port  of  Embarka- 
tion, during  the  difficult  period  of  rapid  demobilization  of 
1919  and  1920  and  the  consequent  loss  of  experienced 
motor-transport  officers  and  men  belonging  to  the 
temporary  forces.  In  February,  1920,  the  entire  motor- 
transport  service  of  the  Port  of  Embarkation,  which  had 
been  operating  independently  at  a  cost  of  about  $1,000,- 
000  per  year,  was  turned  over  to  the  centralized  motor- 
transport  service  of  the  Second  Corps  Area,  operated 
from  Governors  Island,  with  instructions  from  the  War 
Department  to  reorganize  it  within  the  month  as  part 
of  our  centralized  service.  We  were  informed  that  it 
would  be  necessary  to  operate  the  entire  service,  in  all 
five  States,  including  the  Port,  for  $78,000  per  quarter, 
beginning  March  1,  1920.  Such  a  radical  change  could 
not  have  been  accomplished  without  great  confusion 
under  any  other  plan  than  this  plan  of  centralization. 
With  the  wholesale  laying-up  of  motor  vehicles  and  the 
discharge  of  drivers  and  mechanics  that  was  immediately 
necessary,  transportation  problems  were  greatly  compli- 
cated. The  change  was  accomplished,  however,  without 
exceeding  the  greatly  reduced  allotment  and  without  un- 
due confusion. 
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Under  this  plan,  motor-transport  centers,  or  pools, 
as  they  were  called,  were  established  in  or  near  the  cities 
of  New  York,  Trenton,  Philadelphia,  Baltimore,  Wash- 
ington and  Norfolk.  Experienced  motor-transport  officers 
were  put  in  charge  and  given  authority  to  supervise  the 
organization  of  all  motor-transport  operations  and  main- 
tenance of  fleets  located  within  areas  designated  as 
belonging  to  their  pools.  The  more  important  points 
in  the  vicinity  of  these  cities  were  called  sub-pools,  and 
the  garages  and  fleets  in  their  vicinity  attached  to  them 
for  supervision.  The  entire  system  was  then  adminis- 
tered generally  and  coordinated  from  the  central  office  at 
Governors  Island,  N.  Y. 

Notwithstanding  the  continued  loss  of  experienced 
personnel  by  demobilization  and  increase  of  work  to  the 
reduced  forces,  there  was  a  steady  improvement  in  the 
condition  of  vehicles  and  a  marked  economy  in  their 
use  and  repair.  By  these  improvements,  quickly  and 
easily  effected  through  center  or  pool  executives,  and 
by  coordination  with  rail  and  water  transport,  the  volume 
of  movements,  which  could  not  be  stopped  at  once  with 
demobilization,  was  taken  care  of,  the  cut  and  change  of 
service  being  made  within  less  than  one  monrh  from  the 
time  orders  were  issued  in  Washington. 

Traffic  Center  of  New  York 

Greater  New  York  was,  of  course,  the  most  inter- 
esting point  in  this  centralized  motor-transport  service. 
A  brief  description  of  the  New  York  service  will  serve 
as  an  example  of  the  service  indicated  in  each  one  of 
these  traffic  centers,  proposed  in  the  Army  plan. 

The  motor-transport  executive  who  controlled  the 
New  York  center  or  pool,  as  it  was  then  called,  had  an 
office  at  the  corner  of  Eighth  Avenue  and  33rd  Street. 
Here  was  a  typical  setup  of  a  Motor-Transport  Center 
office  described  in  the  Army  plan.  The  administrative 
functions  for  the  whole  group,  consisting  of  the  New 
York  center  and  near-by  sub-centers,  that  is,  all  matters 
pertaining  to  personnel,  finance,  internal  coordination  and 
general  business  with  outside  agencies  were  centralized 
here.  The  Operation  of  Traffic  branch  had  its  main 
office  here  under  close  executive  supervision.  The  chief 
dispatcher  of  the  New  York  center  operated  from  this 
office,  directing  by  telephone  the  movement  of  aH  vehicles 
from  garages  located  at  59th  Street,  Tenth  Avenue, 
Governors  Island  and  one  or  two  other  points  on  Man- 
hattan. Through  branch  offices  and  assistant  dispatchers 
at  the  Army  Base  in  Brooklyn  and  at  Hoboken,  he  also 
directed  the  movement  of  all  vehicles  from  garages 
located  across  the  two  rivers. 

The  location  of  Army  garages,  shops  and  service 
stations  and  all  railroad  yards,  docks  and  routes  and  the 
general  points  of  Army  collection  and  delivery,  were 
shown  on  the  dispatcher's  map.  All  vehicles  were  posted 
on  his  control  boards  and  their  location  and  duties  and 
status  were  shown  at  all  times.  Officers  and  men  skilled 
in  loading  trucks  and  handling  freight  went  constantly 
to  freight  yards  and  steamship  docks  to  supervise  and 
expedite  the  loading  or  unloading  of  freight.  These 
officials  are  described  in  the  Army  plan  as  "Cargo  Spot- 
ters." The  loss  of  time  and  the  confusion  at  docks  and 
yards,  due  to  the  lack  of  coordination  between  the  rail- 
roads and  the  steamship  companies  and  the  outside 
trucking  corporations,  was  the  most  outstanding  feature 
of  this  part  of  the  service.  It  showed  the  need  of  creating 
cargo  spotters  in  the  Motor-Transport  Service  to  work 
with  railroad  officials  in  expediting  the  exchange  of  car- 
goes between  rail,  water  and  highway  transport.  In 
addition   to   this    freight   service,    an    extensive   taxicab 


service    and    a    motorcycle    mail-and-messenger   service 
were  also  operated. 

All  calls  for  the  movement  of  passengers  and  freight 
were  telephoned  to  the  chief  dispatcher,  although  they 
might  be  received  originally  in  branch  offices  or  garages. 
The  chief  dispatcher  consolidated  and  coordinated  them, 
arranging  for  collections  and  deliveries  and  the  hauling 
of  full  loads  and  return  loads.  Cargo  spotters  supervised 
proper  loading.  The  chief  dispatcher  issued  his  trip 
tickets  and  way-bills  and  directed  the  necessary  move- 
ments much  as  though  he  were  a  railroad  dispatcher. 

The  chief  dispatcher  was  furnished,  from  other  sec- 
tions of  the  operating  office,  all  necessary  information 
regarding  vehicle  equipment,  passengers  and  cargoes, 
their  origin,  destination  and  description,  and  terminal 
and  road  conditions.  He  fitted  these  factors  together 
in  making  up  his  plans  of  operation  and  orders.  With 
the  necessary  assistants  in  his  office  and  in  the  field, 
through  a  well  arranged  system  of  telephone  communica- 
tions, he  rendered  passengers,  shippers  and  consignees 
a  very  effective  and  economical  highway-transport  serv- 
ice. Under  the  traffic  engineer,  the  chief  dispatcher  was 
in  actual  control  of  Army  highway  traffic  at  all  hours  of 
the  day  or  night. 

The  Maintenance  Branch  of  this  New  York  Motor- 
Transport  Service,  although  under  the  jurisdiction  and 
a  part  of  the  center  executive's  office  establishment,  ac- 
tually had  its  office  in  another  building  with  its  main 
repair  shop.  What  we  call  overhaul  jobs,  that  is,  any 
job  requiring  a  vehicle  or  unit  to  be  knocked  down  and 
disassembled,  all  battery  and  magneto  repairs,  body  and 
upholstery  work  and  tire  repair  of  a  general  character, 
all  these  were  centralized  at  the  overhaul  park  or  shop, 
located  while  under  the  Port  of  Embarkation  in  the  heart 
of  the  city,  but  later  removed  to  Sandy  Hook,  N.  J., 
for  economy. 

This  was  a  very  good  city  service  organized  and  de- 
veloped during  the  war  by  Port  of  Embarkation  authori- 
ties and  reorganized  later  to  embrace  outside  activities 
on  this  plan  of  centralization.  It  was  not  perfect  under 
the  difficulties  of  demobilization  that  hampered  its  re- 
organization and  operation,  but  it  had  distinct  advantages 
over  the  prior  decentralized  service.  These  were  suffi- 
ciently obvious  to  receive  enthusiastic  support  from  Gen- 
eral Bullard,  who  commanded  at  Governors  Island,  and 
from  the  War  Department  which  was  chiefly  interested 
in  gaining  effective  and  economical  transportation  with 
its  greatly  reduced  means.  The  City  of  Washington  also 
had  an  excellent  city  service  of  zoning  and  dispatching 
vehicles,  and  of  coordinating  highway  transport  with 
rail  transportation.  Col.  G.  A.  Green,  then  with  the  Fifth 
Avenue  Coach  Co.  in  New  York  City,  showed  me  an 
extremely  well  planned  system  of  operating  and  main- 
taining a  city  bus  service,  wherein  a  fleet  of  less  than 
300  buses  gave  a  general  impression  that  there  were 
10  times  that  number.  The  principles  of  organization  in 
that  company,  especially  relating  to  the  coordination  of 
traffic  and  maintenance  functions  under  one  head,  were 
in  accordance  with  the  best  practices  in  war-time  motor 
transport  in  France  and  with  this  Army  plan  of  a  National 
Motor-Transport  Service.  There  are  several  commercial 
plans  for  operating  the  motor-transport  service  of  a  city 
bus,  taxicab  or  trucking  service  which,  in  many  features, 
are  better  and  more  complete  than  any  we  have  ever 
had  in  the  Army,  I  am  sure.  The  best  should  be  avail- 
able for  any  national  plan.  I  will  not  attempt  to  go 
further  into  the  details  of  city  or  small-fleet  operations. 
It  should  be  enough  to  know  that  the  Army  can  furnish 
the  details  of  a  very  satisfactory  local  service  if  required, 
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upon  which   to  develop  the   details  of  a  city  or  center 
motor-transport  service. 

Commercial  Organization  Under  the  Army  Plan 

Assume  that,  say  in  Cleveland  and  its  vicinity, 
a  dozen  of  the  principal  trucking  companies  were  to 
combine  under  the  name  of  the  Cleveland  National  High- 
way Transport  Service.  This  corporation,  we  will  as- 
sume, acquires  enough  garages  and  vehicles  to  cany  on 
an  extensive  service  of  highway  transportation,  not  only 
within  the  city  of  Cleveland  but  through  the  outlying 
country  for  a  distance  of  several  hundred  miles  in  any 
direction.  At  Painesville,  Ashtabula,  Youngstown, 
Canton,  Akron  and  Lorain  there  are  established  fleets 
of  the  corporation's  motor  vehicles.  Capitalization, 
franchises,  contracts  with  other  carriers  for  coordinated 
services  and  contracts  with  shippers  and  consignees  are 
provided  for,  we  will  assume.  With  the  standardization 
of  equipment  it  will  be  found  that  this  corporation  can 
make  all  its  own  major  repairs,  except  out-and-out  re- 
construction, better  and  more  cheaply  in  its  own  cen- 
tralized shop  at  Cleveland,  under  the  good  shop  manage- 
ment of  an  efficient  automotive  engineer,  than  it  could 
get  them  made  by  outside  agencies,  in  the  towns  named 
above. 

Say  that  this  automotive  engineer  located  in  Cleveland 
is  given  charge,  not  only  of  the  Cleveland  shop,  but  of 
the  whole  system  of  repair  and  supply  in  the  area  covered 
by  the  Cleveland  National  Highway-Transport  Service. 
He  prepares  to  keep  the  active  vehicle  equipment  through- 
out the  service  up  to  a  fixed  number  of  reliable  vehicles 
by  working  in  close  harmony  with  the  traffic  engineer 
of  the  company.  His  attention  is  centered  on  the  prob- 
lem of  maintaining  the  current,  capacity  and  power  of 
the  traffic  service  rather  than  the  repair  of  a  number  of 
vehicles  and  the  running  of  a  shop  and  warehouse. 
His  direct  responsibility,  however,  is  for  good  repairs 
and  good  shop  and  warehouse  management.  The  keynote 
of  his  repair  policy  is  "unit  replacement  to  all  operating 
fleets,"  centralizing  unit  repairs  at  the  Cleveland  shop. 

The  traffic  engineer  of  the  corporation  controls  all 
vehicles  considered  to  be  on  an  active  basis.  He  co- 
operates with  the  maintenance  engineer  at  garages  for 
the  regular  inspection  and  the  caretaking  of  active 
vehicles,  and  for  timely  adjustments  and  minor  repairs. 
He  cooperates  with  railway  and  waterway-traffic  man- 
agers at  railroad  yards  and  docks.  Through  his  dis- 
patchers he  operates  the  entire  terminal  and  highway 
service  as  I  have  indicated  in  describing  the  Army  Motor- 
Transport  service  in  New  York  City. 

Assume  further  that  the  two  engineers,  traffic  and 
maintenance,  are  controlled  and  coordinated  by  the  High- 
way-Transport Engineer  who  is  the  general  manager  of 
this  Cleveland  National  Highway-Transport  Service. 
This  official  should  combine  a  knowledge  of  both  depart- 
ments under  him,  of  cost  accounting  and  finance  and  the 
general  transportation  and  industrial  conditions  which 
affect  the  operation  of  his  combined  motor-transport 
service.  He  maintains  a  constant  supervision  over  traffic 
and  maintenance  matters  by  frequently  inspecting  all 
activities  in  both  branches.  He,  or  his  representative, 
and  his  inspectors  constantly  ride  over  the  area  covered 
by  the  Cleveland  corporation,  watching  operations  and 
gaining,  through  personal  contact,  first-hand  knowledge 
of  conditions,  internal  and  external  to  the  highway  trans- 
port service,  which  affect  its  welfare. 

The  management  of  all  offices,  garages,  vehicles,  shops 
and  all  elements  of  this  proposed  highway-transport 
service,  located  within  a  radius  of  approximately  50  miles 


of  Cleveland,  unless  the  service  becomes  too  large  to 
manage  from  one  office,  is  centralized  in  the  Cleveland 
office.  Under  the  Army  plan,  this  would  constitute  the 
Cleveland  Highway-Traffic  Center.  Where  the  service  at 
cities  like  Ashtabula,  also  a  traffic  center,  within  the 
approximate  50-mile  limit  requires  more  of  an  admini- 
strative supervision  than  that  given  by  a  garage  manager, 
a  branch  office  called  a  sub-center  is  established  from  the 
Cleveland  center.  Sub-centers  are  also  established  at 
traffic  centers  outside  of  the  50-mile  limit  like  Mansfield, 
Columbus  and  other  points,  and  all  highway-transport 
activities  belonging  to  the  Cleveland  company,  located 
within  50  miles  of  these  traffic  centers,  are  attached  to 
them  for  management  on  the  same  principles  as  governed 
the  organization  of  the  Cleveland  center,  except  in  the 
matter  of  major  repairs  and  general  administration. 
Maintenance  and  administrative  overhead  are  kept  down 
by  centralization  as  much  as  possible  at  Cleveland;  local 
traffic  administration  and  coordinating  control  only  are 
conducted  from  sub-center  offices.  In  the  Cleveland  High- 
way-Transport Group,  thus  built  up,  covering  perhaps 
an  area  of  10,000  sq.  miles  or  more  and  composed  of  one 
center  at  Cleveland  and  as  many  sub-centers  as  may  be 
found  to  be  necessary,  the  principal  features  are  these: 

(1)  Business  administration,  general  traffic  control  and 
detailed  maintenance  control  are  all  centralized  in 
one  office,  called  the  Cleveland  Highway-Transport 
Center 

(2)  Special  functions  pertaining  to  administration, 
maintenance  and  direct  control  over  local  traffic 
are  judiciously  decentralized  to  sub-centers  for 
execution  under  general  supervision  from  the  main 
office 

(3)  Fleets  and  garages  are  located  wherever  necessary 

(4)  A  "Reserve  Pool"  of  inactive  vehicles  and  units, 
located  at  convenient  points  within  the  area,  is 
established  under  center  or  sub-center  control. 
This  reserve  pool  forms  a  buffer  between  the 
operation  and  the  maintenance  programs.  Garages 
rotate  vehicles  in  operation,  6  days  active,  for  in- 
stance, and  1  day  inactive  for  adjusting  and  care- 
taking.  Vehicles  and  units  requiring  more  than 
minor  repairs,  necessitating  more  than  24  inactive 
hr>,  are  sent  to  a  service  shop  and  the  vehicle  or 
unit  is  replaced  from  the  center  or  sub-center  re- 
serve pool.  Maintenance  programs  work  on  these 
reserve  pools  by  the  system  of  unit  replacement 
mentioned  heretofore,  shipping  all  vehicles  and 
units  requiring  disassembling  to  the  main  shop  at 
Cleveland.  Mechanical  units  are  dismounted  from 
vehicles  at  service  shops  only.  No  dismounting  or 
dismantling  is  ever  allowed  at  garages 

Other  groups  similar  to  the  Cleveland  group  might  be 
formed  in  the  same  way.  If  they  belong  to  the  same 
corporation  or  combination  as  the  Cleveland  National 
Highway-Transport  Service,  they  should  centralize  their 
vehicle  procurement,  their  major  repairs  or  overhaul 
jobs,  warehousing  and  general  reserve  stocks  at  some 
central  point  such  as  Cleveland.  A  combination  formed 
along  the  Pennsylvania  Railroad  system  might  centralize 
at  some  point  more  central  for  the  larger  combination 
like  Columbus.  A  reconstruction  park  is  justified  only 
by  an  equipment  of  400  to  500  vehicles.  It  is 
designed  to  make  every  conceivable  repair  or  reconstruc- 
tion required,  without  outside  help.  The  radius  of  main- 
tenance control  exercised  from  such  a  central  power- 
plant  in  highway  transportation,  is  approximately  500 
miles.  It  may  establish  branch  shops  called  "Unit  Re- 
placement Shops"  at  other  points,  wherever  the  density 
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of  vehicles,  the  cost  of  transportation  or  any  other  good 
reason  calls  for  such  establishments.  Very  general  ad- 
ministrative and  coordinating  control  over  very  large 
areas,  particularly  with  regard  to  coordinating  with  rail- 
way and  waterway  transportation,  may  also  be  centralized 
at  one  of  these  Highway-Transport  Central-Power 
plants. 

These  consolidations  will  never  be  uniform  nor  shall 
we  be  apt  to  build  up  very  quickly  such  a  system  as  this 
plan  shows  if  they  are  left  to  form  from  the  bottom; 
that  is,  the  forming  of  natural  combinations  among  the 
smaller  trucking  companies,  without  any  guiding  plan 
indicating  definite  points  upon  which  to  concentrate. 
General-traffic  centers  should  be  decided  upon  by  leading 
transportation  engineers  in  the  Country  who  mean  to 
guide  our  destinies  into  general  coordination  rather  than 
competition.  Centralization  and  coordination  of  the  three 
services  should  be  worked  out  upon  such  points. 

The  grouping  of  motor  transportation  will  take  care  of 
itself.  Highway  traffic  is  subject  to  change  and  will 
always  fluctuate  with  changing  conditions  of  general 
traffic,  as  it  is  affected  by  peak  loads,  seasonal  changes 
and  changes  in  our  industries.  The  principal  railroad 
lines  and  natural-waterway  lines  should  form  the  arteries 
of  all  highway-transport  organization.  These  arteries 
should  be  protected  as  much  as  possible  from  sudden 
and  temporary  changes  in  transportation  conditions  by 
the  operation  of  highway  transport.  When  an  extensive 
organization  in  highway  transport  and  the  coordination 
of  general  transportation  is  accomplished,  concentration 
of  highway-transport  equipment  can  be  made  in  different 
parts  of  the  Country  to  bring  about  the  timely  move- 
ments of  peak  loads,  and  in  accordance  with  seasonal 
changes.  The  harm  done  by  "fly-by-night"  trucking 
companies  at  present  in  taking  the  cream  of  business 
away  from  local  companies  could  then  be  controlled.  Rail- 
roads and  steamships  could  be  used  to  help  such  truck 
concentrations. 

With  regard  to  the  successive  steps  in  developing  a 
nation-wide  plan,  the  Army  study  of  a  National  Motor- 
Transport  Service,  and  its  place  in  a  National  Coordi- 
nated Transportation  Service,  was  based  on  the  following 
premise:  "Motor  transportation  in  the  United  States  can 
never  either  in  an  emergency  or  in  daily  commercial 
practice  replace  the  long-haul  service  of  railroads." 

Location  of  Traffic  Centers 

As  a  first  step  in  the  Army  study,  an  important  central 
section  of  the  United  States  embracing  Indiana,  Ohio, 
Kentucky  and  West  Virginia,  was  selected.  Half  a  dozen 
railroads  running  through  this  territory  were  assumed 
to  have  combined  with  each  other  and  with  inland-water- 
way and  trucking  companies  to  develop  a  coordinated 
transportation  service.  It  was  assumed  that  they  agreed 
to  conduct  all  long  hauls  of  50  miles  or  more  by  railway 
or  waterway,  as  a  general  rule,  giving  the  public  the 
choice  of  the  various  benefits,  that  is,  speed  convenience, 
cheap  tariff,  door-to-door  service  and  the  like,  now  at  the 
command  of  the  combined  transportation  companies  be- 
cause of  their  water,  rail  and  highway  services.  They 
were  to  coordinate  the  three  services  so  as  to  reduce 
the  overhead  of  administration,  maintenance  and  terminal 
costs  among  themselves  and  feed  passenger  and  freight 
traffic  to  each  other  as  much  as  possible,  relying  on  the 
producing  of  new  business  and  on  savings  for  their  in- 
creased revenues  rather  than  on  high  tariffs.  Inasmuch 
as  short  hauls,  up  to  an  average  limit  of  50  miles,  were 
to  be  made  by  highway  transport,  railroad  terminals  and 
stops,  at  least   50  miles  apart,  were  selected  along  the 
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Fig.  5 — General  Traffic  Centers,  Indicated  by  the  Small 
Circles,  Are  Selected  Points  at  Which  Terminal  and  Port 
Facilities  Are  To  Be  Developed,  Similarly  to  the  Present 
Development  of  the  Port  of  New  York,  with  the  Basic  Idea  of 
Coordinating  All  Transportation  Facilities  by  the  Practical  De- 
velopment of  Cooperative  Terminal  Operations 

railroads  designated  for  study  to  form  general  "Traffic 
Centers."  At  these  points,  it  was  assumed,  terminal 
facilities  would  be  developed  with  a  view  to  cooperating 
to  the  fullest  extent  with  the  highway-transport  service. 
Intermediate  stops  and  terminal  operations,  especially 
with  regard  to  handling  less-than-carload  shipments  were 
to  be  eliminated  by  railroads.  Carload  collection  and  de- 
livery stations  might  still  be  provided  for,  when  shown  to 
be  cheaper  in  transportation  or  to  give  more  expeditious 
service.  Commutation  and  express  services  might  be 
arranged  for  by  rail  service,  bus  service  or  both. 

Water  transportation,  operating  from  Lake  ports  and 
along  the  Ohio  River,  was  treated  in  the  same  manner 
as  for  railways.  The  map  showing  the  first  phase  of  this 
study  appears  as  an  outline  railway-and-waterway  map 
with  very  few  stops  in  the  area  under  study ;  it  is  repro- 
duced as  Fig.  5. 

Formation  of  Highway-Transport  Centers 

The  second  phase  of  the  Army  study  concerns  the 
organization  of  the  highway-transport  service.  The  rail 
and  waterway  terminals  and  stops,  or  traffic  centers, 
constitute  foci  about  which  to  organize  local  motor-trans- 
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Fig.    6 — Highway    Transport    Centers    Are    Formed    about    All 

General  Traffic   Centers.  Shown   in   Fig.   5 
These    Are    the    Points    in    the    Highway-Transport    System    about 
Which  Highwav-Transport  Development  Should  Take  Place.     Three 
Clashes  of  Highway,  Arterial.  Radial  and  Belt  Line.   Are  Indicated 
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port  and  animal-transport  services,  and  from  which  to 
develop  a  system  of  radiating  highways  for  the  collection 
and  distribution  of  rail  and  waterway  cargoes.  These 
highways  must  be  coordinated  and  joined  by  arterial  or 
trunk-line  highways  connecting  all  traffic  centers  in  one 
comprehensive  highway  system.  All  important  traffic 
centers  should  be  provided  with  belt-line  highways  for 
transfer  services  and  to  provide  detours  for  all  through, 
non-stop  highway-transportation  so  as  to  avoid  adding 
to  the  congestion  of  city  streets.  To  organize  the  high- 
way-transport service  that  is  to  operate  from  these  traffic 
centers,  and  to  control  and  coordinate  highway  traffic 
with  relation  to  rail  and  water  transportation  operating 
in  the  general  transportation  service  under  development, 
a  circle  was  drawn  with  a  10-mile  radius  on  the  map  to 
indicate  the  establishment  of  a  highway-transport  center 
as  part  of  the  traffic  center  established  by  the  railroads. 
The  10-mile  circle  which  suggests  a  belt-line  highway 
also  indicates  the  average  limit  of  the  city  collection-and- 
delivery  service  for  each  traffic  center.     (See  Fig.  6.) 

The  average  limit  of  country  collection  and  delivery, 
in  motor  transportation  in  areas  over  which  the  highway- 
transport  service  is  to  operate  from  each  traffic  center, 
was  fixed  by  boundary  lines,  established  with  reference 
to  a  circumference  drawn  about  each  traffic  center  with 
a  radius  of  50  miles.  The  imaginary  circumference  itself 
might  be  used,  although  natural  boundaries  like  rivers, 
mountain  chains,  railroads,  highways  or  State  and  county 
lines  are  preferable.  In  selecting  these  boundaries  the 
50-mile  radius  was  used  as  a  general  guide  only.  Local 
conditions  govern  in  each  case. 

The  establishment  of  highway-transport  centers  and 
sub-centers  and  their  grouping  for  convenience  in  ad- 
ministration and  traffic  control,  as  described  for  the  as- 
sumed Cleveland  National  Highway-Transport  Service, 
was  indicated  by  the  approximately  50-mile  boundaries 
and  by  colors  as  shown  on  a  third  map  of  the  area  under 
study.     (See  Fig.  7.) 

The  organization  of  each  group  is  similar  to  that  which 
I  have  described  for  Cleveland  and  its  vicinity.  The 
vehicle  equipment  employed  at  each  center  depends  upon 
a  calculation  of  the  tonnage  and  the  character  of  the 
different  commodities  to  be  handled,  road  conditions, 
standardization  of  vehicles  and  other  highway-transport 
considerations,  presented  for  each  center  but  considered 
and  determined  for  the  entire  highway-transport  service, 
as  it  is  organized  and  developed. 

Amplification  of  the  Army  Study 

This  sample  initial  study  was  sent  to  all  the  principal 
Army  headquarters  in  the  United  States,  with  a  short 
pamphlet  of  instruction.  Transportation  engineers  at 
these  headquarters  were  directed  to  submit  to  the  War 
Department  highway-transport  map-studies  of  desig- 
nated areas,  to  be  made  in  accordance  with  the  princi- 
ples of  this  sample  study,  applied  to  actual  local  condi- 
tions. These  studies  have  all  been  received  and  reviewed 
in  the  War  Department.  In  some  cases  they  were  sent  back 
for  revision,  but  were  finally  accepted  and  combined  to 
make  a  single  map-study  of  highway  transport  for  the 
entire  United  States. 

In  the  original  joint  study,  made  by  officers  in  the 
Engineer  Corps,  the  Quartermaster  Corps  and  the  Gen- 
eral Staff,  both  in  the  War  Department  and  in  the  field, 
all  over  the  United  States,  the  principal  roads  shown 
in  the  well  known  Automobile  Blue  Books  were  used,  in 
order  that  we  might  all  work  on  the  same  highway  sys- 
tem, representing  roads  already  in  existence  and  in  some 
degree  suited  to  highway  transportation.     These  roads 


are  far  from  what  is  required  for  national  highway 
transportation,  but  they  are  better  than  Federal  and 
State  highway  projects  for  immediate  purposes.  Fur- 
ther studies  are  being  made  with  the  American  Auto- 
mobile Association  map-system  of  roads.  Here  again 
we  are  confronted  with  the  great  defect  in  our  network 
of  transportation.  The  absence  of  improved  roads  and 
bridges  suitable  for  highway  transportation  appears  as 
a  serious  weakness  in  our  national  transportation  system. 
Industrial  progress  in  unimproved  areas  is  seriously 
retarded.  Were  motor  transport  required  to  operate  over 
these  unimproved  roads  in  public  emergencies,  the  cost 
in  damage  to  motor-vehicle  equipment  would  be  incal- 
culable.    (See  Fig.  3.) 

The  problem  of  organizing  a  National  Highway-Trans- 
port Service  is  best  considered  for  the  present  by  leaving 
out  of  the  maps  illustrating  its  organization  all  high- 
ways and  even  the  basic  railroads  assumed  for  the  original 
study,  retaining  only  the  traffic  centers  and  the  grouping 
of  the  motor-transport  centers  and  sub-centers  deter- 
mined upon  by  the  combined  Army  study.  These  repre- 
sent most  of  the  commercially  strategical  points  in  any 
system  of  national  transportation  which  may  be  devised. 
They  are  near  enough  to  be  used  in  establishing  a  basic 
organization,  or  a  basic  policy. 

The  study  now  appears  as  a  highway-transport  traffic- 
map  showing  the  traffic  centers  in  the  field  of  operations 
for  the  Chief  of  the  Operation  or  Traffic  Branch. 
Through  these  traffic  centers  pass  most  of  the  railways, 
waterways  and  highways,  actual  and  projected,  which 
make  up  our  entire  national  network  of  transportation. 
Any  national  highway-transport  service  must  operate 
over  such  highways  as  already  exist  in  this  network, 
whether  they  operate  independently  in  decentralized 
trucking  or  systematically  in  organized  highway  trans- 
portation. Highways  that  exist  can  be  drawn-in  locally. 
Radiating  and  belt-line  highways  required,  as  well  as 
trunk-line  highways  urged  for  early  construction  under 
approved  State  and  Federal  highway  projects,  can  be 
drawn-in  by  each  private  company,  State  or  Federal 
group,  that  may  make  a  detailed  study  of  this  plan. 

This  study  of  the  organization  of  a  national  highway- 
transport  service  which  has  been  made  in  the  Army  from 
the  traffic  point  of  view  as  the  point  of  original  and  not 
the  automotive  procurement,  repair  and  supply  point  of 
view,  as  heretofore,  is  not  complete  and  would  never 
amount  to  a  row  of  pins  unless  supported  by  a  parallel 
plan  of  automotive  maintenance.  The  completed  traffic 
plan  was  therefore  submitted  by  me  as  the  Army's  Motor- 
Transport  Traffic-Engineer,  so  to  speak,  to  the  Army's 
Motor-Transport  Maintenance-Engineer,  Lieut-Col.  E.  S. 
Stayer,  who  has  in  turn  submitted  a  plan  of  automotive 
procurement,  repair  and  supply,  illustrating  the  organi- 
zation of  the  maintenance  facilities  to  maintain  this 
plan  of  a  National  Motor-Transport  Traffic-Service.  As- 
suming a  permanent  highway-transport  organization  of 
the  greatest  magnitude  to  emphasize  the  principle  of  cen- 
tralization which  produces  the  greatest  economies  in 
highway-transport  maintenance,  Colonel  Stayer,  who  has 
lately  succeeded  Col.  F.  H.  Pope  as  chief  of  the  Army 
Motor-Transport  Service  in  the  Office  of  the  Quarter- 
master General,  can  best  describe  the  details  of  all  main- 
tenance plans  and  operations.  I  will  point  out  its  prin- 
cipal features  to  show  its  relation  to  the  Operation  Ser- 
vice, which  is  of  primary  importance  in  all  transportation 
schemes. 

As  effective  and  economical  highway  traffic  and  prac- 
tical coordination  with  rail  and  waterway  traffic  were 
the   deciding  factors   in   centralizing  and   decentralizing 
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control  over  operating  functions  in  the  traffic  study,  so 
effective  and  economical  maintenance  and  the  coordina- 
tion with  traffic  functions  decided  the  centralization  and 
decentralization  of  control  over  maintenance  functions 
in  the  maintenance  study.  This  plan  of  maintenance  or- 
ganization differs  from  all  others  hitherto  known  in  the 
Army  in  that  it  is  designed  to  maintain  a  centralized 
highway-traffic  service,  not  merely  the  vehicles  operated. 
It  recognizes  the  necessity  of  a  highly  organized  traffic 
service  as  the  crux  of  the  whole  subject  of  highway  trans- 
portation, and  is  prepared  to  sustain  that  service  at  "the 
very  highest  possible  peak  of  efficiency  by  keeping  the 
reserve  mobility  of  the  traffic  service  as  near  the  maxi- 
mum as  possible,  the  maximum  reserve  mobility  being 
the  initial  point  of  starting  transport  operations  with 
an  equipment  of  entirely  new  vehicles  of  the  most  dur- 
able character. 

The  reserve  power  and  capacity  of  the  Motor-Trans- 
port Service  is  sustained  under  this  plan  by  maintaining 
a  pool  of  reserve  vehicles  and  assembled  units  between 
the  fluctuating  traffic  requirements  and  the  necessity  of 
maintaining  regular  repair  programs  in  shop  operation. 
By  a  rigid  system  of  rotating  all  active  vehicles  through 
the  reserve  pool  for  weekly  examinations  and  adjustments, 
and  by  the  replacing  of  vehicles  and  units  needing  more 
than  a  minor  repair  from  "ready-for-service"  inactive 
vehicles  and  units  in  the  reserve  pool,  the  active  vehicles 
in  traffic  are  always  operating  at  their  mechanical  best, 
with  reserve  mobility  to  carry  them  through  traffic  emer- 
gencies. In  the  meantime,  the  repair  programs  in  shops 
go  on  regularly,  economically,  with  uniform  and  standard 
workmanship,  unhurried  by  the  irregularities  of  fluctu- 
ating traffic  conditions. 

In  decentralized  trucking,  this  idea  of  making  unit  and 
vehicle  replacements  through  a  reserve  pool  is  merely 
a  theory.  It  has  never  worked  under  a  decentralized 
system.  Independent  truck  and  fleet  operators  will  never 
let  it  work.  Each  one,  as  a  rule,  operates  his  vehicles 
until  they  positively  cannot  be  operated  any  longer,  and 
then  he  forces  emergency  repairs  at  any  cost  under  a 
pressure  that  destroys  maintenance  programs  and  all 
chance  of  economical  practices.  It  is  a  matter  of  organi- 
zation and  engineering  administration.  It  involves  an 
economical  question  of  many  millions  of  dollars  every 
year  in  both  commercial  and  military  motor-transporta- 
tion. 

The  problems  of  organizing  motor-transport  traffic  and 
motor-transport  maintenance  are  very  different.  Control 
over  the  functions  of  these  two  divisions  should  not  be 
decentralized  to  the  same  degree.  Traffic  control  governs 
in  the  Operation  or  Traffic  Branch,  while  shop  and  ware- 
housing management,  and  control  over  procurement  and 
expenditure  of  equipment  and  supplies  governs  in  the 
Maintenance  Branch.  This  is  the  chief  internal  reason 
why  a  third  branch,  the  Administration  Branch,  is  neces- 
sary in  motor-transport  organization.  A  general  Ex- 
ecutive Branch  is  required  to  permit  specialization  in 
both  traffic  and  maintenance  and  at  the  same  time  to 
insure  their  amalgamation  and  coordination. 

Maintenance  Activities  in  the  Army  Plan 

The  maintenance  plan  in  this  Army  study  appears  on 
a  separate  map  without  traffic  features  that  is  reproduced 
in  Fig.  2.  At,  or  near,  centers  and  sub-centers,  estab- 
lished to  control  motor-transport  traffic  and  along  iso- 
lated highways  of  great  length,  service  shops  or  parks 
are  established,  indicated  on  the  maintenance  map  by 
squares.  These  shops  make  minor  repairs  which  re- 
quire the  vehicle  to  remain  inactive  more  than  24  hr. 
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Pig.  7 — A  Motor-Transport  Service  Formed  about  the  Highway- 
Transport  Centers  Shown  in  Fig.  6 
The  Average  Limit  of  Truck  Hauls  Is  Established  about  Each 
Center  by  Imaginary  or  Natural  Boundaries  Determined  by  an 
Approximate  Radius  of  50  Miles.  Motor-Transport  Centers,  or 
General  Administrative  Offices.  Having  Control  over  General  Busi- 
ness. Highway  Traffic  Control  and  Minor  Repair  Work,  Are 
Established  at  the  Most  Important  Traffic  Centers.  Nearby  Centers 
Are  Designated  as  Sub-Centers  and  Only  Traffic  and  Minor  Repair 
Functions  over  Local  Fleets  Are  Decentralized  to  Those  Branch 
Offices.  The  Service  Shown  bv  This  Map  Is  Divided  in  Eight 
Groups,  Each  with  One  Motor-Transport  Center  and  Several 
Sub-Centers 

They  also  remove  and  replace  all  engines  and  other 
mechanical  units  which  require  extensive  repairs.  They 
do  no  disassembling  of  vehicles  or  units,  but  ship  them 
to  unit  repair  shops  or  reconstruction  shops  in  exchange 
for  "ready-for-service"  vehicles  or  units. 

At  selected  points,  conveniently  located  to  groups  and 
centers,  where  vehicles  are  dense  and  the  volume  of  re- 
pair work  justifies,  unit  repair  shops  or  parks  are  estab- 
lished, indicated  by  hexagons.  Engines,  radiators,  bat- 
teries, magnetos,  rear-axle  assemblies  and  other  de- 
mountable units  removed  from  vehicles  at  the  service 
shop  and  sent  to  unit  repair  shops  for  all  repairs  re- 
quiring disassembling,  are  repaired  at  these  shops  on 
a  wholesale  plan,  or  plan  of  quantity  production. 

At  centrally  located  points,  having  excellent  supply 
and  transportation  facilities,  the  larger  shops  and  ware- 
houses of  the  reconstruction  parks  are  located.  These, 
as  I  have  said,  are  central  powerplants  in  motor  trans- 
portation. They  are  indicated  by  octagons.  The  prac- 
tical radius  of  activity  of  these  parks  is  about  500  miles, 
indicated  by  the  very  large  circles.  Where  service  parks 
and  unit  repair  parks  lie  outside  the  zone  of  activity 
of  a  reconstruction  park,  they  are  assigned  to  the  most 
convenient  one  for  supervision,  as  indicated  by  connect- 
ing radial  lines,  so  as  to  preserve  the  principle  of  cen- 
tralization of  control  over  all  maintenance  functions. 

Procurement  offices,  indicated  by  small  circles  on  this 
maintenance  map,  are  located  at  such  natural  automotive 
procurement  centers  as  Chicago,  Detroit,  Akron,  and 
New  York  City.  The  principal  maintenance  offices  are 
located  at  the  reconstruction  parks,  from  which  a  general 
control  over  automotive  repair  and  supply  is  exercised 
for  an  entire  system,  as  indicated  by  zones  and  radial 
lines  connecting  isolated  maintenance  points  with  the 
500-mile  circumference  of  a  reconstruction  park. 

Finally,  we  reach  the  map  of  the  completed  motor- 
transport  organization  in  our  Army  plan  of  a  National 
Highway-Transport  Service  reproduced  in  Fig.  4.  The 
traffic  and  maintenance  centers  are  brought  together  in 
one  comprehensive  plan.  The  administrative  officers  are 
assigned  to  stations,  according  to  the  importance  of  these 
grouped  activities,  to  govern  the  internal  motor-transport 
organization  and  apply  it  to  whatever  external  purposes 
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may  employ  its  service.  A  final  administrative  head  as 
for  instance  the  Chief  of  the  Army  Motor-Transport 
Service  in  military  transportation,  controls  and  coordi- 
nates the  entire  service  indicated  by  this  map,  in  true 
correlation  with  all  other  national  transportation  systems. 
In  final  coordination,  such  chief  executives  of  motor 
transport  should  operate  under  the  coordinating  control 
of  the  Director  General  of  whatever  combination  of  rail- 
way, waterway  and  highway  transportation  this  Motor- 
Transport  Service  is  a  part.  The  office  of  the  Director 
General  in  national  coordinated  transportation  might  be 
filled  by  a  Director  General  of  Transportation  or  by  a 
National  Board  of  Transportation,  or  both.  The  high- 
ways used,  or  to  be  used,  as  I  have  said  before,  can  be 
drawn-in  on  this  plan.  The  railways  and  waterways 
with  which  this  service  is  to  operate  in  a  national  system 
of  coordinated  transportation  can  also  be  drawn-in.  The 
map  then  becomes  a  general  map  of  coordinated  trans- 
portation for  use  in  general  traffic  control,  and  a  basis 
for  general  policies. 

This  study  is  purely  a  general  transportation  study 
with  especial  emphasis  on  the  question  of  organizing 
highway  transportation,  using  the  motor  vehicle  as  the 


principal  coordinating  factor.  It  forms  a  basic  plan 
upon  which  any  plan  of  military  or  commercial  trans- 
portation can  be  worked  out  in  detail.  A  study  of  the 
highway-transport  service  of  the  United  States  Post 
Office  Department,  the  Standard  Oil  Co.  or  any  general  or 
specialized  service  of  transportation  which  might  be 
proposed  for  organization,  would  look  the  same  in  general 
character  if  made  in  accordance  with  the  principles 
which  governed  in  this  study. 

That  the  principles  used  are  simple  and  broad  in  their 
scope  is  amply  proved  by  the  similarity  of  studies,  based 
upon  them,  which  have  been  submitted  by  Army  en- 
gineers in  New  England,  the  Middle  and  South  Atlantic 
States,  the  Northern  and  Central  States  and  the  Pacific 
coast.  The  study,  as  I  have  shown  it,  is  a  composite 
study  of  the  Nation's  network  of  transportation,  made 
from  many  angles  of  consideration,  all  based  on  the 
world's  greatest  experience  in  transportation.  It  is  of- 
fered by  the  War  Department  to  all  who  are  interested 
in  the  development  of  our  Nation's  transportation,  as  a 
piece  of  national  transportation  research  and  a  willing 
contribution  to  American  commerce  by  the  United  States 
Army. 


IRON  AND  SEMI-STEEL 


WROUGHT  iron  is  made  by  the  puddling  process  and  is 
the  purest  variety  of  commercial  iron,  usually  con- 
taining less  than  0.08  carbon  and  approximately  1.00  per  cent 
slag,  the  peculiar  orientation  of  which  is  responsible  for  its 
remarkable  resistance  to  corrosion  and  for  its  fibrous  struc- 
ture, allowing  a  large  degree  of  plastic  flow  or  movement 
within  its  crystal  aggregate  that  makes  it  weak  in  compres- 
sion. Wrought  iron  is  very  ductile  and  malleable,  bending 
through  an  angle  of  180  deg.  or  doubling  flat  on  itself  with- 
out breaking.  It  melts  at  a  temperature  of  1600  deg.  cent. 
(2912  deg.  fahr.)  and  is  still  sluggish  and  viscous  at  tempera- 
tures so  high  that  it  is  not  practical  to  cast  it  into  molds. 

Malleable  iron  is  cast  iron  of  a  special  chemical  composi- 
tion, melted  in  a  reverberatory  or  air-furnace,  and  on  rare 
occasions  in  a  cupola,  and  then  cast  into  molds  of  its  final 
form.  The  resulting  casting  is  entirely  white  or  all  carbon 
is  present  in  the  combined  form  as  iron  carbide,  cementite, 
Fe;:C.  Annealing  in  iron  scale,  Fe::0„  and  sand  packing  at  a 
temperature  of  from  760  to  925  deg.  cent.  (1400  to  1697  deg. 
fahr.)  for  a  period  of  40  to  60  hr.  changes  the  carbide  to  the 
free  amorphous  carbon  and  ferrite,  thereby  rendering  the 
casting  malleable  and  very  ductile  at  room  temperatures. 

Malleable  iron  is  lower  in  carbon,  silicon,  sulphur,  phos- 
phorus and  manganese  than  gray  cast  iron.  It  is,  therefore, 
more  viscous  and  must  be  cast  at  a  higher  temperature  than 
the  former;  consequently  it  requires  greater  skill  and  care, 
on  the  part  of  the  molder,  to  avoid  misruns  and  excessive 
washing  and  scoring  of  the  mold  from  the  highly  heated 
metal.  Malleable-iron  castings  combine  the  advantages  of 
ordinary  gray-iron  castings  with  respect  to  the  ease  of  pro- 
duction and  cost,  with  a  ductility  and  strength  approaching 
that  of  steel. 


Cast  iron  differs  markedly  from  wrought  iron  and  steel, 
chemically  as  well  as  in  physical  characteristics.  It  has  a 
coarse,  crystalline  grain  structure,  lacks  toughness  and  is 
brittle  at  all  temperatures  below  its  melting  point.  The 
tensile-strength  is  not  affected  at  temperatures  below  1000 
deg.  fahr.  but  falls  off  quickly  near  the  critical  range  and 
becomes  very  low  at  high  temperatures.  It  melts  at  a  low 
temperature,  2200  deg.  fahr.,  and  passes  suddenly  into  a 
very  fluid  state  and  fills  the  molds  well  when  cast. 

Gray  cast  iron  contains  a  large  amount  of  graphitic  car- 
bon, appearing  in  an  irregular  elongated  aggregate  of  crys- 
talline carbon  resembling  curved  flakes  or  plates  imbedded 
in  a  matrix  of  ferrite  and  cementite.  The  percentage  of  free 
graphite  or  graphitic  carbon  in  gray  cast  iron  depends  upon 
the  percentage  composition  of  the  other  chemical  con- 
stituents of  the  iron,  such  as  silicon,  manganese,  sulphur, 
phosphorus.  Silicon  more  especially  influences  the  separation 
of  graphite  on  the  cooling  of  the  iron  from  the  liquid  to  the 
solid.  However,  ordinary  machinery  iron  contains  approxi- 
mately 3.00  per  cent  carbon  and  0.50  per  cent  combined 
carbon. 

Semi-steel  is  gray  iron  of  such  composition  with  regard 
to  silicon  and  carbon  as  to  give  the  highest  possible  strength 
in  conjunction  with  the  other  properties  and  characteristics 
inherent  in  gray  cast  iron.  Properties  such  as  high  com- 
pressive strength,  low  coefficient  of  expansion,  rust-resisting 
qualities,  low  melting  point,  high  abrasive  resistance,  great 
hardness,  wearing  properties  and  others  are  obtained  by  melt- 
ing a  mixture  of  foundry  pig  iron,  gray  iron  scrap,  and  from 
10  to  40  per  cent  of  low-carbon  steel-scrap  in  a  cupola  and 
casting  the  liquid  iron  into  green-sand  molds. — From  an 
article  by  W.  J.  Merten  in  Forging  and  Heat-Treating. 
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The  Coordination  of  the  Motorbus 
and  the  Street  Railway 


By  C.  D.  Emmons1 


Cleveland  Automotive  Transportation  Meeting  Paper 


THE  author  believes  that,  except  for  aerial  naviga- 
tion, whatever  new  forms  of  transportation  may 
be  developed  must  be  auxiliaries  to  the  rail  lines,  and 
that  the  problem  is  to  bring  about  coordination  be- 
tween railroads  and  railways  on  the  one  hand  and  all 
remaining  forms  of  transportation  on  the  other.  He 
concentrates  upon  coordinating  motorbus  and  motor- 
truck service  with  rail  service. 

He  reviews  the  attempts  already  made  to  displace 
the  railways  and  substitute  motor-vehicle  service,  quot- 
ing statements  of  fact  and  of  opinion  from  the  press, 
discusses  the  limitations  of  motorbus  service  and  con- 
siders the  factors  of  expense  that  apply  to  the  motor 
vehicle  when  it  becomes  a  common  carrier.  The  ele- 
ments of  motor-vehicle  operation,  the  necessity  of  edu- 
cating the  public  to  understand  the  conditions  that 
control  the  cost  of  transportation,  destructive  competi- 
tion and  motorbuses  as  railway  auxiliaries  are  treated 
also  in  some  detail. 

IN  the  first  place,  it  is  well  recognized  that  no  form 
of  transportation  has  yet  been  devised  that  can  take 
the  place  of  the  railroads  for  long-distance  travel, 
in  speed  and  comfort,  and  that  of  the  electric  railways 
for  mass  transportation.  They  unquestionably  carry  the 
greatest  quantities  of  goods  and  the  largest  numbers  of 
people  at  the  lowest  cost.  Whatever  new  forms  of  trans- 
portation may  be  developed,  with  the  possible  exception 
of  vehicles  navigating  the  air,  must  be  auxiliaries  to 
the  rail  lines.  I  do  not  say  this  because  of  any  preju- 
dice favorable  to  railroads  and  the  electric  railways, 
but  because  this  finding  is  a  fact  that  has  been  amply 
demonstrated.  The  problem  before  everybody  interested 
in  transportation,  therefore,  is  to  bring  about  coordina- 
tion between  the  railroads  and  railways  on  the  one 
hand,  and  all  other  forms  of  transportation  on  the 
other.  At  this  time  we  can  leave  out  of  consideration 
airplanes  and  airships,  steamboats  and  canal  transport, 
and  concentrate  our  attention  upon  coordinating  motor- 
bus  and  motor-truck  service  with  rail  service. 

A  few  years  ago,  when  the  electric  railways  were 
suffering  from  the  effects  of  high  wages,  high  costs  of 
materials  and  depleted  man  power,  there  were  those  who 
thought  that  the  motorbus  or  jitney  could  take  the  place 
of  the  established  electric  railways.  Most  automotive 
engineers  are  well  aware  of  what  happened  in  several 
communities.  There  was  Des  Moines,  Iowa,  for  one 
example,  and  Bridgeport,  Conn.,  for  another.  In  both 
these  cities  the  motor  vehicles  that  were  pressed  into 
service  when  the  electric  railways  were  forced  to  stop 
operation  failed  to  serve  the  public.  I  am  not  saying 
that  motor  vehicles  properly  designed  for  handling  mass 
transportation  and  operated  by  an  organization  that  has 
had  adequate  transportation  experience,  could  not  take 
care  of  the  transit  problems  of  a  community  satisfactorily, 
but  I  do  say  that  no  motor  vehicle  that  has  been  de- 
signed so  far  can  give  the  public  the  service  that  it  has 

1  President.  American  Electric  Railway  Association.  New  York 
City  ;  also  president  United  Railways  &  Electric  Co.  of  Baltimore. 
Baltimore. 


2  See  Saturday  Evening  Post.  March    24.   1923.   i>    44. 


a  right  to  expect,  except  at  a  rate  of  fare  that  would 
be  very  much  greater  than  the  rate  charged  by  the  elec- 
tric railway  for  the  same  kind  of  service. 

It  is  interesting  to  look  back  upon  the  experience  of 
some  of  these  cities  where  the  attempt  was  made  to 
displace  the  railways.  In  Bridgeport,  Conn.,  the  public 
felt  so  certain  that  jitneys  and  motorbuses  could  give 
it  the  service  it  wanted  that  the  people  refused  to  recog- 
nize the  justice  of  any  argument  the  electric  railway 
might  advance.  Eventually  the  electric  railway  was  com- 
pelled to  stop  serving  the  people.  The  city  was  without 
street-car  service  for  several  weeks.  A  Bridgeport 
newspaper  that  had  been  antagonistic  to  the  electric 
railway  in  reviewing  this  situation   recently  said  that: 

The  substitute  motor  transportation  cost  the  mer- 
chants hundreds  of  thousands  of  dollars'  worth  of  busi- 
ness in  a  few  weeks'  time  simply  because  the  oeople 
from  outlying  sections  of  the  city  were  not  able  to  get 
into  the  city  for  trade.  There  were  thousands  of  peo- 
ple who  would  not  travel  at  all,  finding  it  better  to  put 
up  with  the  inconvenience  of  staying  at  home  than  to 
submit  themselves  to  the  danger,  annoyance  and  con- 
fusion of  crowded  and  unregulated  jitney  travel. 

This  is  a  mild  statement  of  the  facts.  Bridgeport,  like 
Des  Moines,  recognizes  that  the  backbone  of  its  trans- 
portation system  is  the  electric  railway.  Nevertheless, 
it  recognizes  the  value  of  the  motor  vehicle.  The  same 
newspaper  also  said : 

The  motorbus  properly  operated  has  come  not  only 
to  stay  as  a  transportation  factor,  but  to  play  an  in- 
creasing role  in  the  development  of  new  territory.  The 
right  system  would  include  a  combination  of  both  kinds 
of  service,  each  operating  in  the  field  to  which  it  is  best 
suited,  but  the  service  should  be  properly  coordinated 
under  one  management.  There  is  but  one  way  to  at- 
tain such  a  combination  in  Bridgeport.  That  is  for 
the  electric-railway  company  to  acquire  the  present 
motor-vehicle  lines  and  operate  both  trolleys  and  jit- 
neys under  the  supervision  of  the  Public  Utilities  Com- 
mission. 

In  an  article  entitled  Riding  on  Rubber,  Edward 
Hungerford  makes  the  following  statement: 

The  proponents  of  the  street  car  in  city  traffic  as 
against  the  motorbus  are  apt  to  make  much  of  the 
supposed  inability  of  the  latter  vehicle  to  handle  great 
numbers  of  people  within  a  reasonably  short  space 
of  time.  Yet  nightly  in  crowded  New  York  more  than 
180  motor  coaches  an  hour  are  operated  in  a  single 
direction,  or  on  a  headway  of  something  less  than  20 
sec.  Each  of  these  double-decked  buses  seats  51  per- 
sons, standees  are  never  permitted,  which  means  that 
in  the  course  of  an  hour  close  to  10,000  passengers  are 
picked  up  and  carried  north  through  New  York's  home- 
bound  rush  in  the  evening. 

This  statement  is  not  entirely  accurate.  During  a 
check  made  on  a  typical  week  day  in  March,  at  Fifth 
Avenue  and  43rd  Street,  New  York  City,  between  the 
hours  of  4:35  and  6:05  p.  m.,  or  1]2  hr.,  205  buses  were 
operated   northbound.     This   is  an  average  headway  of 
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26  1,  3  sec.  During  the  heaviest  5-min.  period,  an  in- 
terval of  17  sec.  was  maintained.  During  the  heaviest 
60  min.  of  travel,  the  average  headway  was  24.2  sec, 
or  149  buses.  For  the  entire  period,  the  205  buses  car- 
ried 7189  passengers. 

Now  compare  this  with  other  methods  of  mass  trans- 
portation. The  same  number  of  people  could  be  trans- 
ported in  7  subway  trains  of  10  cars  each,  with  approxi- 
mately 100  people  per  car  and,  at  the  minimum  headway 
operated  in  the  subway  of  1  min.  and  48  sec,  they  would 
have  completed  the  hauling  in  12  min.  and  36  sec.  This, 
of  course,  is  far  less  than  is  carried  in  these  trains  during 
the  rush-hours.  The  trains  evenly  spaced,  would  operate 
under  a  headway  of  about  13  min.  The  speed  at  which 
the  people  would  be  transported  to  their  destinations, 
of  course,'Would  be  very  much  higher.  Forty-five  modern 
two-car  surface  trains  could  have  carried  this  entire  num- 
ber of  people  and,  operating  on  a  45-sec  headway,  would 
have  handled  them  in  less  than  34  min.,  or,  if  spread 
over  the  lH-hr.  period,  on  a  2-min.  headway. 

In  the  instances  I  have  quoted,  some  standing  passen- 
gers are  provided,  but  one  can  easily  figure  that  the 
loads  proposed  in  the  subway  trains  and  in  the  two-car 
surface-trains  are  much  less  than  is  usually  handled 
during  the  rush-hour  period.  If  only  seated  passengers 
were  to  be  handled  in  subway  cars,  obviously  many  more 
seats  could  be  provided  in  the  present  cars  and  still 
leave  sufficient  room  for  passageways. 

Limitations  of  Motorbus  Service 

One  point  that  must  not  be  overlooked  when  discussing 
the  Fifth  Avenue  bus  service,  or  any  similar  service 
in  this  Country,  is  that  these  services  are  all  supple- 
mentary and  in  no  case  do  they  handle  the  mass  or 
bulk  of  the  passengers  who  want  to  ride.  In  other 
words,  do  not  let  us  blind  ourselves  to  the  fact  that,  so 
far,  in  no  large  city,  and  I  do  not  except  London  in 
this  respect,  have  motorbuses  alone  been  able  to  handle 
the  mass  of  passengers.  In  all  cases,  where  conditions 
approaching  the  American  rush-hour  obtain,  rapid- 
transit  facilities  or  the  larger  capacity  surface-cars  are 
needed. 

There  is  no  conflict  between  the  electric  railways  and 
the  motor-vehicle  industry.  Instead  there  is  the  heartiest 
cooperation.  There  are  many  electric  railways  in  the 
United  States  that  are  using  motor  vehicles  in  connec- 
tion with  their  transportation  service.  On  the  other 
hand,  there  are  many  railways  that  are  suffering  from 
parasitic  competition  from  unregulated  motor  vehicles. 
These  railways  serve  communities  that  have  not  yet 
learned  that  these  two  forms  of  transportation  cannot 
operate  in  competition  with  each  other  without  one  or 
the  other  going  broke.  It  is  for  the  people  themselves 
to  decide  whether  they  wish  to  keep  the  railways  or  the 
motor  vehicles.  I  think  all  sensible  men  will  say  that 
if  the  motor  vehicle  will  serve  a  community  better  and 
at  a  lower  rate  of  fare  than  can  be  offered  by  an  electric 
railway,  then  by  all  means  junk  the  railway.  The  fact, 
however,  is  that  except  in  very  small  communities  the 
railway  is  ever  so  much  cheaper  to  operate  than  the 
motor  vehicle. 

In  the  illuminating,  almost  prophetic  address  by  Vice- 
President  Elisha  Lee  of  the  Pennsylvania  Railroad  Co. 
before  the  Society  at  the  1923  Annual  Dinner,  entitled 
The  Motor  Truck  and  Our  Railways3,  I  was  struck  with 
his  remarks  on  coordination,  not  competition,  and  on  the 
needs  of  the  citizenry  of  this  Country  for  the  cooperative 


3  See  The  Journal.  February,  1923.  p.  151. 


services   of    railroads    and   motor   vehicles.      His    speech 
will  reward  re-reading  and  study. 

This  problem  of  competition  between  railways  and 
motor  vehicles  has  become  very  acute  in  some  places. 
Massachusetts  has  paid  particular  attention  to  it,  as 
have  Pennsylvania,  Maryland,  Connecticut,  Rhode 
Island  and  other  States.  The  Massachusetts  Department 
of  Public  Utilities,  in  January,  1923,  submitted  a  spe- 
cial report  to  the  Legislature  of  that  State  in  which  it 
discussed  this  problem  very  extensively.  I  will  quote 
a  paragraph  or  two  from  its  report.     It  says: 

The  motor  truck  has,  of  course,  had  very  little  effect 
upon  the  street  railways.  The  jitney  and  private  auto- 
mobile, however,  have  had  an  enormous  effect  upon 
them  which  is  so  obvious  and  so  well  known  that  it 
needs  no  recital.  The  result  has  been  that  about  400 
miles  of  street-railway  lines  in  this  commonwealth 
have  been  abandoned.  Interurban  traffic  on  street  rail- 
ways in  many  communities  is  moribund;  semi-urban 
traffic  on  them  has  been  seriously  injured,  and  even 
metropolitan  traffic  in  the  heart  of  Boston  itself  has 
been  injuriously  affected.  Besides  that,  and  this  fact  is 
not  perhaps  so  generally  recognized,  the  automobile 
has  become  the  biggest  electric-railway  hazard  and 
costs  street  railways  large  sums  of  money  in  safety 
measures  and  in  suits.;  It  also  affects  injuriously 
street  railways  in  numerous  other  ways. 

Constant  attempts  are  being  made  to  force  large 
expenses  on  street  railways  for  the  benefit  of  auto- 
mobile traffic.  It  was,  for  example,  suggested  a  short 
while  ago  that  the  subway  edifice  in  Harvard  Square. 
Cambridge,  should  be  removed  at  a  substantial  cost  to 
the  railway  to  make  that  square  safer,  while  a 
rerouting  of  the  automobiles  during  rush-hours  would 
have  accomplished  the  purpose  better.  A  number  of 
citizens  have  just  appeared  before  this  Department 
urging  upon  us  the  abolition  of  one-man  cars  in  Mai- 
den, partly  because  of  congestion  in  certain  parts  of 
Maiden  due  to  these  cars,  and  to  the  promiscuous  and 
unrestricted  parking  of  automobiles.  These  two  cases 
are  typical  of  many  that  are  constantly  arising  where 
the  thought  of  restricting  automobile  traffic  appears 
to  be  regarded  as  entirely  out  of  the  realm  of  possibil- 
ity and  the  contention  is  that  street  railways,  and  this, 
of  course,  means  the  riders  upon  them,  should  be  sub- 
jected to  large  additional  burdens  to  prevent  incon- 
veniencing the  automobilists  in  the  slightest  degree. 
This  attitude,  and  the  pressure  which  results  from  it, 
is  costly  to  the  street  railways  and  hence  to  their 
patrons. 

The  Massachusetts  Department  of  Public  Utilities  also 
points  out  the  effect  of  automobile  traffic  upon  the  State 
highways.    It  says: 

It  is  very  doubtful  whether  a  roadbed  has  yet  been 
developed  which  will  stand  for  any  substantial  length 
of  time  the  constant  wear  and  tear  of  this  heavy  traf- 
fic. It  is,  at  any  rate,  clear  that  our  older  highway? 
have  had  to  be,  and  will  continue  to  have  to  be  rebuilt 
on  a  far  more  expensive  scale,  and  that  both  these 
and  the  newer  highways  are  going  to  cost  a  sum  for 
maintenance  which  would  have  been  regarded  as  ex- 
travagance a  few  years  ago.  But  this  is  not  all. 
Those  interested  in  motor-truck  transportation  have 
recently  pointed  out  that  it  will  be  necessary  to  widen 
some  of  our  roads  to  30  ft.  to  take  care  of  their  traffic 
and  that,  in  general,  special  roads  for  trucks  must  be 
built,  with  a  width  of  probably  20  ft.  It  is  not  sur- 
prising that  the  advocates  of  motor  trucks  take  this 
position.  Why  should  they  not,  in  view  of  the  fact  that 
these  fine  highways  will  be  a  great  asset  to  them  and 
that  they  will  have  to  pay  nothing  for  them  worth  talk- 
ing of  beyond  what  the  ordinary  taxpayer  does?  We 
believe  it  is  necessary  to  face  the  fact  that  if  the  com- 
monwealth continues  its  present  policy  in  this  regard, 
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the  construction  and  maintenance  of  state  highways 
for  motor  trucks  will  cost  an  ever-increasing  and  before 
long  a  staggering  amount.  The  same  thing  exactly  is 
happening  in  the  case  of  bridges,  as  we  pointed  out 
before,  and  in  the  case  of  county  and  city  and  town 
roads. 

These  words  by  the  Massachusetts  commission,  which 
states  explicitly  that  it  is  not  prejudiced  against  motor 
vehicles  but  of  which,  it  says,  "We  recognize  that  the 
automobile,  both  freight  and  passenger,  is  a  useful  ap- 
pliance for  the  purposes  of  society,"  are  worth  ponder- 
ing. The  commission  recommends  to  the  Massachusetts 
Legislature  that  a  board  be  created  to  consider  among 
other  things  the  following:  First,  proper  compensation 
for  the  use  of  highways  and  bridges  by  motor  vehicles. 
Second,  the  creation  of  areas  and  congested  districts 
from  which  motor  vehicles  would  be  excluded  wholly  or 
partially.  Third,  the  subjection  of  operators  of  motor 
trucks  for  hire  to  the  jurisdiction  of  the  Department  of 
Public  Utilities  to  the  same  extent  and  in  the  same 
manner  as  other  well-recognized  common  carriers. 

Motor  Vehicles  as  Common  Carriers 

It  almost  universally  develops  that  when  the  motor: 
vehicle  common-carrier  is  subjected  to  the  same  burdens 
of  taxation  and  to  the  same  regulations  that  apply  to 
the  electric  railways,  they  find  it  impossible  to  operate 
successfully.  You  are  well  aware  that  electric  railways 
in  many  states  are  required  to  carry  many  extraneous 
burdens.  They  have  to  pay  for  the  paving  between  the 
rails  and  for  a  distance  outside  their  rails;  they  have 
to  pay  for  watering  streets,  for  snow  removal;  they 
pay  a  percentage  of  their  gross  income,  whether  they 
have  any  net  income  or  not,  in  taxes  to  the  state;  they 
pay  in  many  communities  a  tax  on  their  income  to  the 
community;  they  pay  franchise  taxes,  license  fees  and 
various  other  charges  that  put  a  very  heavy  load  upon 
them. 

The  motor  vehicle  that  is  competing  with  them,  in 
many  communities,  has  free  use  of  the  paving  for  which 
the  electric  railway  pays.  In  many  states  motor  vehicles 
have  not  yet  been  classified  as  common  carriers;  there 
is  no  regulation  of  the  rates  of  fare  or  charges  for  carry- 
ing freight;  in  many  places  they  are  not  under  bond,  so 
that  if  a  passenger  becomes  involved  in  an  accident  he 
has  but  slight  chance  to  recover  damages.  They  do  not 
pay  a  percentage  of  their  gross  income  to  the  state  or 
communities ;  they  do  not  have  to  help  water  the  streets. 
Put  upon  the  motor  vehicle  the  same  burden  that  the 
railway  carries  and  fares  that  will  permit  successful 
competition  with  the  railways  become  out  of  the  question. 

Perhaps  these  facts  had  something  to  do  with  the 
statement  of  Alfred  Reeves,  general  manager  of  the 
National  Automobile  Chamber  of  Commerce,  in  a  recent 
address.     He  said: 

Bus  and  truck  lines  have  not  all  been  successful  gen- 
erally because  of  mismanagement  or  because  of  routes 
that  furnish  insufficient  return.  All  this  means  that 
the  railroad  men  are  the  proper  ones  to  take  charge  of 
bus  and  truck  operations,  making  them  feeders  to  the 
trolleys  and  steam  lines. 

The  motor  industry  is  anxious  to  cooperate  in  every 
way  that  will  make  for  each  department  of  transporta- 
tion finding  its  proper  place,  and  this  means  efficiently 
serving  the  public. 

Mr.  Reeves'  statement  is  further  borne  out  by  the 
recent  reports  of  the  Motor  Vehicle  Conference  Com- 
mittee on  the  Regulation  of  Motor  Vehicles,  the  reports 
being  almost  in  complete  harmony  with  the  attitude  of 
the  electric  railways. 


The  automotive  industry  must  realize  that  it  cannnt 
foster  a  service  that  engages  in  ruinous  competition  vith 
rail  lines,  whether  they  be  steam  or  electric.  I  venture 
to  say  that  there  are  not  enough  motor  trucks  in  the 
United  States  to  bring  to  your  automobile  factories  the 
raw  materials  that  are  necessary  for  the  construction 
of  motor  vehicles.  Nor  are  there  streets  wide  enough, 
nor  automobiles  enough  in  any  community,  to  carry  the 
employes  of  your  factories  to  and  from  work  as  ex- 
peditiously and  cheaply  as  they  are  carried  by  the  elec- 
tric cars.  These  facts  are  self-evident  and  the  National 
Automobile  Chamber  of  Commerce  takes  the  only  proper 
step  possible  when  it  stands  for  coordination  of  motor 
vehicle  and  rail  service.  For  example,  a  recent  traffic 
survey  in  the  City  of  Baltimore,  Md.,  of  the  travel  into 
and  out  of  the  business  area  showed  that,  while  the 
automobile  comprised  73  per  cent  of  the  total  movements 
and  the  street  cars  only  27  per  cent,  the  street  cars 
actually  accommodated  almost  89  per  cent  of  the  total 
travel,  while  the  automobile  only  accommodated  about 
11  per  cent,  disregarding  the  very  small  percentage  of 
horse-drawn  vehicles. 

At  the  last  Convention  of  the  American  Electric- 
Railway  Association  in  Chicago  in  October,  1922,  there 
was  unanimously  adopted  a  report  by  the  Committee  on 
Trackless  Transportation  in  which  the  following  state- 
ment was  made: 

The  basic  transportation  service  in  any  community 
is  and  will  be  furnished  upon  rails.  Trackless  service 
will  be  found  supplementing,  but  not  competing  with, 
that  of  the  electric  railway.  The  bus  may  be  consid- 
ered an  additional  equipment  for  the  street  railway. 
If  the  service  of  both  means  of  transportation  are  co- 
ordinated, the  net  return  of  each  will  be  reflected  in 
the  net  return  of  the  electric  railway.  New  capital  is 
annually  required  in  the  operation  of  a  street  railway. 
Part  of  this  new  capital  may  well  be  used  in  the  devel- 
opment of  trackless  service  in  the  field  above  mentioned. 

The  possibilities  of  development  of  transportation 
with  railless  vehicles  should  interest  the  industry 
greatly  and  your  committee  feels  that  the  study  of  the 
development  in  the  design  and  construction  of  railless 
vehicles  and  their  adaptability  for  highway  transporta- 
tion should  be  carried  on  further  by  a  committee  of 
your  association. 

You  will  see  from  this  that  the  electric-railway  indus- 
try is  on  record  for  coordination  of  motor  vehicles  and 
railways  and  it  is  most  gratifying  to  find  the  National 
Automobile  Chamber  of  Commerce  adopting  the  same 
attitude.  Working  together,  we  are  sure  to  solve  the 
problems  that  beset  us. 

Motor-Vehicle  Operation 

There  is  a  Committee  of  the  American  Electric  Rail- 
way Transportation  and  Traffic  Association  that  devotes 
its  entire  time  to  the  study  of  motor-vehicle  operation. 
It  is  made  up  of  men  who  have  spent  practically  their 
entire  lives  in  the  transportation  business.  They  know 
what  is  necessary  in  any  vehicle  for  economical  and  satis- 
factory transportation.  The  assistance  that  this  com- 
mittee can  render  and  will  render  you  men  who  are 
spending  your  time  designing  vehicles  and  engines  will 
be  very  great.  The  transportation  industry  no  longer 
will  take  any  old  kind  of  bus  body  put  upon  a  standard 
truck  chassis.  The  vehicle  must  be  designed  for  the 
kind  of  service  in  which  it  is  to  be  used,  and  let  me 
say  that  we  have  found  the  motor-vehicle  builders  very 
willing  to  adopt  suggestions  that  we  have  made.  As 
I  said  before,  there  is  no  conflict  between  us,  we  are 
working  together  in  complete  harmony. 
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It  is  in  this  field  especially,  it  seems  to  me,  that  the 
Society  of  Automotive  Engineers  comes  into  play.  You 
are  particularly  interested  in,  and  should  be  the  ones  to 
solve  the  needs  from  a  design  standpoint  of  automotive 
vehicles.  The  operating  men,  who  are  handling  the 
public,  are,  in  general,  the  ones  best  able  to  say  what 
is  needed  to  furnish  to  the  public  the  most  satisfactory 
character  of  vehicle  for  transportation,  and  it  is  the 
duty  of  the  engineers  to  incorporate  these  needs  into 
actual  designs. 

The  question  of  light  weight  and  economical  opera- 
tion are  of  particular  importance  from  the  standpoint 
of  the  financial  returns  to  the  operator.  In  connection 
with  the  need  for  lightness,  there  is  not  only  less  cost 
of  operation  and  maintenance,  but  it  lessens  the  wear 
on  the  roads  and,  in  a  number  of  cases,  because  of  the 
tax  laws  on  the  books,  there  is  a  particular  demand  for 
light-weight  vehicles.  In  Maryland,  for  instance,  there 
is  a  tax  of  1  6  cent  per  seat -mile  for  vehicles  weighing 
more  than  8500  lb.;  the  tax  between  7000  and  8500  lb. 
being  1  15  cent  per  seat-mile,  and  you  can  easily  imagine 
why  we  want  a  light  automotive  vehicle  in  Maryland, 
when  there  is  an  increase  of  almost  200  per  cent  in  the 
tax  basis  the  minute  you  go  over  8500  lb. 

The  comfort  and  convenience  of  passengers  is  a  very 
necessary  factor  in  design.  The  appearance  of  the  car 
is  another  thing  that  has  a  marked  effect  on  public  senti- 
ment and  involves,  of  course,  in  addition  to  the  initial 
design,  proper  upkeep.  Convenience  in  handling  by 
chauffeur  operator  and  easy  riding  qualities  making  for 
comfort  are  of  great  importance.  The  question  of  de- 
signing automotive  vehicles  with  special  reference  to 
safety  features  is  another  side  that  must  always  be  kept 
in  mind;  adequate  lighting;  ease  and  rapidity  of  ac- 
celeration; low  steps  and  many  additional  details  of 
construction,  all  of  which  bear  upon  the  financial  return 
to  be  expected ;  the  comfort  of  passengers  and  the 
public-relation  side  of  operation,  which  last  is  most  im- 
portant. You  will  see,  therefore,  from  what  I  have  just 
outlined  in  rather  a  sketchy  fashion,  that  the  automotive 
engineers  need  to  cooperate  most  closely  with  the  opera- 
tors in  order  that  the  most  satisfactory  type  of  automotive 
vehicle  may  be  evolved. 

Cost  of  Transportation 

It  seems  to  me  that  before  we  can  have  coordinated 
transportation-service  we  must  have  a  public  educated 
to  understand  the  cost  of  transportation.  In  the  past, 
the  troubles  of  the  railroads  and  the  electric  railways 
have  been,  due  to  public  ignorance  of  railroad  and  rail- 
way conditions.  An  individual  who  himself  earned  75 
to  100  per  cent  more  wages  than  he  received  in  1914 
and  who  paid,  without  a  murmur,  75  to  100  per  cent 
more  for  his  clothing,  fuel  and  other  necessaries  of  life, 
would  wave  his  arms  in  the  air  and  wax  wrathy  when 
the  railroad  or  the  electric  railway  was  compelled  to 
increase  its  freight  or  passenger  rates.  This  individual 
was  blind  and  deaf  to  the  fact  that  everybody  working 
for  the  railways  had  had  his  pay  raised;  that  every  bit 
of  steel,  copper,  wood  and  materials  of  whatever  nature, 
cost  more  than  they  did  in  1914,  largely  because  of  labor 
costs  in  their  manufacture,  and  that  there  was  no  possi- 
bility of  the  transportation  companies  getting  the  money 
with  which  to  pay  higher  wages  and  increased  costs  of 
materials  except  through  the  charges  made  for  carrying 
freight  and  passengers. 

There  are  still  some  communities  where  the  people 
will  not  recognize  the  fact.  In  some  of  them  they  are 
deluded  by  demagogic  politicians  and  a  certain  type  of 


sensational  newspaper  that  seeks  profits  at  the  expense 
of  the  public  welfare. 

In  Detroit,  where  in  May,  1922,  the  city  took  over  the 
electric-railway  lines  formerly  operated  by  a  private 
company,  there  is  now  indignation  on  the  part  of  the 
city  councilmen  because  several  hundred  jitneys  are  com- 
peting with  the  city-owned  trolley  cars.  An  ordinance 
was  passed  last  fall,  designed  to  prevent  jitney  opera- 
tion, but  an  injunction  was  obtained  recently  that  tem- 
porarily nullified  the  ordinance.  Whether  this  injunc- 
tion has  been  vacated  I  am  not  aware,  but  it  is  a  most 
interesting  fact  that  when  the  private  company  operated 
the  electric  cars  in  Detroit  the  city  seemingly  did  every- 
thing within  its  power  to  encourage  jitney  competition. 
Now  that  the  city  owns  the  railways  and  is  putting  on 
buses  of  its  own,  the  city  fathers  recognize  the  injustice 
and  the  uneconomic  conditions  that  accompany  competi- 
tive  transportation   services   in  a   given  community. 

Destructive  Competition 

Connecticut  and  Rhode  Island  have  come  through 
rather  strenuous  experiences  with  destructive  transpor- 
tation competition.  In  Connecticut,  many  towns  that 
formerly  enjoyed  electric-railway  service  are  now  with- 
out it  because  of  the  dismantling  of  the  railway  that 
formerly  served  them.  Three  of  the  four  electric-railway 
companies  in  that  State  are  in  the  hands  of  receivers. 
Not  until  this  condition  came  about  did  the  people  awaken 
to  the  situation  that  confronted  them.  Then  the  Legis- 
lature enacted  laws  making  jitneys  common  carriers  and 
subjecting  them  to  regulation  by  the  Public  Utilities 
Commission.  The  Rhode  Island  Legislature  enacted 
similar  laws.  The  Massachusetts  Department  of  Public 
Utilities  recommends  similar  legislation  in  that  State. 
Pennsylvania  and  Maryland  had  taken  action  before  the 
New  England  states  acted.  In  the  Middle  West,  progress 
has  been  slow  and  interurban  railways  have  suffered 
very  severely.  Indications  are  now  that  the  people  are 
awakening  to  a  realization  of  the  misfortune  that  would 
impend  were  these  railways  compelled  to  cease  operating 
and  relief  is  confidently  expected. 

Where  electric  railways  have  placed  motor  vehicles  in 
operation,  they  have  for  the  most  part  been  successful. 
You  realize,  of  course,  that  every  time  a  real-estate 
operator  starts  to  develop  a  tract  remote  from  an  electric- 
railway  line,  he  and  those  to  whom  he  has  sold  lots  frame 
a  petition  to  the  railway  or  to  the  community  authori- 
ties, demanding  transportation  service.  If  he  does  not 
get  it,  he  becomes  indignant.  What  he  is  really  asking 
is  that  the  railway  company  should,  without  charge  to 
him,  provide  a  service  that  will  be  operated  at  a  loss  but 
that  will  increase  the  value  of  his  property.  The  un- 
fairness of  this  attitude  is  obvious. 

Real-estate  owners  are  well  aware  that  a  gas  company 
or  an  electric-light  company  will  not  extend  mains  and 
power  lines  into  a  new  tract  unless  it  is  guaranteed  a 
certain  amount  of  business  or  unless  there  is  a  sufficient 
number  of  property  owners  who  will  take  sufficient 
service  to  make  a  return  upon  the  investment  certain. 
The  soundness  of  the  gas  company's  and  the  electric 
light-company's  attitude  is  well  recognized.  How 
strange  then  that,  when  the  same  favor  is  asked  of  an 
electric-railway  company  and  it  is  not  immediately 
granted,  the  property  owners  feel  that  they  are  not  be- 
ing accorded  just  treatment! 

In  Cleveland  there  have  been  situations  identical  with 
such  as  I  have  mentioned  and  the  railway  company,  with 
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THE  author  discusses  the  factors  that  must  be 
considered  in  solving  the  transportation  problems 
and  then  describes  the  operation  of  the  English-railway 
cartage-system  in  some  detail  under  the  two  main 
divisions  of  delivery  and  collection.  An  important 
feature  of  the  system  is  that  of  the  control  afforded 
by  locating  a  controller,  or  dispatcher,  in  a  central 
office  and  holding  him  responsible  for  the  movements 
of  the  carmen,  or  drivers.  The  details  of  this  control 
are   explained. 

The  field  for  the  motor  truck  in  railroad-terminal 
service  is  outlined  and  a  presentation  is  made  of  the 
merits  and  demerits  of  unit  containers,  together  with 
an  illustrated  description  of  the  English  "flats,"  or 
demountable  bodies. 

Other  subjects  treated  include  cartage  costs,  tonnage 
hauled,  unified  control  of  cartage  and  expressions  of 
opinion  quoted  from  numerous  English  trade  or- 
ganizations. 

SINCE  the  expense  and  delay  that  now  exist  will 
eventually  prove  disastrous  to  both  the  railways 
and  the  traders  unless  we  find  a  solution  for  the 
problem  of  the  cartage  of  the  miscellaneous-goods  traffic 
at  our  railway  terminals,  I  will  point  out  some  of  the  evils 
of  our  present  methods  of  collecting  and  delivering  mis- 
cellaneous goods  at  the  railway  terminals,  and  then 
describe  how  the  English  perform  this  kind  of  service. 
In  this  way  I  hope  to  make  a  clear  enough  comparison  of 
the  two  systems  to  enable  you  to  decide  what  the  proper 
course  is  for  us  to  pursue  in  finding  the  solution  of  this 
problem. 

Many  are  perhaps  unfamiliar  with  English  transporta- 
tion terms,  so  I  will  explain  that  "miscellaneous  goods" 
is  the  English  term  for  less-than-carload  (1.  c.  1.)  freight; 
"cartage"  is  substituted  for  trucking,  "trader"  for  both 
consignee  and  consignor,  "van"  for  horse-drawn  vehicle 
and  "carman"  for  driver  or  chauffeur.  I  will  use  the 
English  terms  in  describing  their  methods  as,  in  most 
cases,   they  make  for  both   brevity  and   expressiveness. 

Transportation-Problem  Factors 

I  will  not  quote  what  the  motor-truck  interests  say 
about  this  subject  of  railway  cartage,  but  later  will  cite 
what  some  of  the  railroad  executives  have  said,  as  ex- 
amples of  the  importance  the  railroads  attach  to  the  prob- 
lem. I  wish  to  make  it  very  clear  that,  in  my  opinion, 
the  wasteful  and  chaotic  methods  of  collecting  and  de- 
livering the  miscellaneous  goods  at  the  railway  terminals 
in  our  cities  is  just  as  much  the  fault  of  the  traders  and 
the  cartage  companies  as  it  is  of  the  railways  themselves. 
Unless  all  three  agencies  are  willing  to  give  and  take  and 
to  cooperate  in  every  sense  of  the  word,  existing  condi- 
tions will  never  be  remedied,  but  will  go  on  getting  worse 
until  eventually  it  will  result  in  seriously  retarding  the 
development  and  prosperity  of  the  Country  and  this  will 
come  sooner  than  some  may  think. 


1  M.S.A.E. — Consulting  engineer.  General  Motors  Corporation.  New- 
York  City. 


In  the  first  place,  it  certainly  seems  reasonable  to  say 
that  the  railroads  and  all  other  transport  undertakings 
should  be  run  on  the  same  plan  as  any  sound  business 
undertaking.  In  other  words,  the  transport  companies 
should  be  permitted  to  earn  a  maximum  return  on  their 
investment  consistent  with  an  efficient  and  economical 
transportation  service.  Referring  to  the  railroads  in 
particular,  as  they  are  the  principal  agencies  concerned, 
it  seems  only  fair  to  permit  them  to  accumulate  a  surplus 
in  good  years  to  carry  them  over  bad  years.  Every 
business  enterprise  is  allowed  to  profit  by  the  increased 
business  in  "fat"  years  and,  through  proper  direction, 
be  prepared  to  carry  over  during  the  "lean"  years  suffi- 
cient funds  to  fulfill  the  obligations  any  stable  organiza- 
tion must  have  to  retain  the  confidence  and  support  of  its 
shareholders  and  of  the  public.  Surely,  the  railroads 
should  be  entitled  to  the  same  consideration,  especially 
when  they  play  such  a  vital  part  in  the  life  of  every 
country,  particularly  in  this  Country  of  ours  where  the 
distances  are  so  great  and  adequate  transportation  facili- 
ties so  necessary  to  our  progress.  Many  will  say  that 
such  policies  are  impossible,  that  they  would  endanger 
the  whole  business  structure  of  the  Country  because  there 
must  be  cheap  transportation  regardless  of  everything, 
and  the  only  way  to  insure  it  is  by  keeping  the  "lid"  on 
the  railroads  when  it  comes  to  making  a  profit  by  trans- 
porting the  people  and  goods  of  the  Country. 

The  best  way  to  keep  down  the  cost  of  everything  we 
purchase  is  to  reduce  railroad  freight-rates  and,  in  pass- 
ing, I  ask  whether  the  public  benefits  to  anything  like 
the  same  extent  when  the  rates  are  reduced  as  it  pays 
for  the  increased  cost  of  goods  when  the  rates  are  raised. 
My  reply  to  such  arguments  is  that,  without  sufficient 
funds,  the  railroads  cannot  furnish  adequate,  efficient 
and  economical  transportation  service  for  this  Country 
or  any  other.  This  is  the  condition  of  affairs  we  are  now 
rapidly  approaching;  in  the  case  of  many  railroads,  we 
already  have  reached  it. 

It  is  a  well-known  fact  that  many  of  our  railroads 
have  been  mismanaged  in  the  past  and,  for  this  reason, 
much  unwise  regulation  to  control  them  has  been  brought 
about.  Moreover,  when  we  consider  for  instance  that, 
according  to  President  Loree  of  the  Delaware  and  Hudson 
Railroad,  in  an  average  14-day  cycle  for  a  freight  car 
it  moves  only  1*4  days,  it  is  apparent  that  the  efficiency 
with  which  our  railroads  are  operated  leaves  much  to  be 
desired.  This  is  not  a  paper  on  railroad  economics,  but 
in  order  that  we  may  take  a  broad  outlook  of  the  matter, 
we  must  first  study  it  from  all  sides.  I  wish  to  point  out 
some  of  the  things  the  men  in  the  automotive  industry 
cam  do  to  help  the  railroads  and  by  so  doing,  to  help  them- 
selves as  well ;  to  work  out  a  really  efficient  and  econom- 
ical transportation  service  that  will  enable  the  railroads 
and  all  other  transport  agencies  to  supply  transportation 
facilities  adequate  to  our  needs,  and  at  the  same  time 
make  sufficient  profit  to  attract  the  required  capital  to 
carry  on  with. 
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The  greatest  sources  of  waste  in  our  present  trans- 
portation system  are,  first,  where  the  railway  stops  and 
cartage  begins;  and,  second,  in  the  short-haul  field. 
Compare  the  rail  charges  on  a  consignment  of  l.c.l.  freight 
with  the  average  cost  of  collecting  and  delivering  the 
freight  at  both  ends.  Even  on  those  carload  shipments 
where  the  goods  must  be  carted  at  both  ends,  the  cartage 
cost,  due  to  delays  at  terminals  congested  with  freight 
waiting  to  be  cleared,  and  inefficient  cartage  methods,  is 
usually  greatly  in  excess  of  the  rail  charges ;  or,  at  least, 
the  proportion  of  the  cartage  cost  to  the  rail  charges, 
distance  considered,  is  entirely  out  of  the  realm  of  eco- 
nomy. Naturally,  this  condition  has  a  disastrous  effect 
on  the  railroads.  Congested  terminals  mean  that  the 
equipment  is  tied  up  and  the  whole  system  is  thrown  out 
of  gear  all  along  the  line.  The  extent  to  which  this 
affects  the  business  of  the  Country  can  be  measured  by 
the  volume  of  traffic  to  be  dealt  with.  If  the  traffic  is 
heavy,  the  conditions  we  had  in  1919  and  1920,  of  em- 
bargoes and  terminals  choked  with  traffic,  will  result. 
But  even  with  normal  traffic  and  no  embargoes,  the  eco- 
nomic waste  and  delay  costs  enough  in  1  year  to  make  it 
more  than  worthwhile  to  grapple  with  the  problem  and 
solve  it.  We  can  solve  it,  once  we  realize  two  things; 
first,  that  there  is  such  a  problem  and,  second,  that  we 
can  save  money  by  finding  a  proper  solution  for  it. 

The  best  way  of  attacking  this  problem  is,  in  my  opin- 
ion, as  follows:  There  are  four  major  classes  of  goods  to 
be  transported  commonly  known  as  carload,  less  than 
carload,  express  and  parcel  post.  The  first  can  be  elimi- 
nated for  the  moment.  The  remaining  three,  then,  are 
the  cause  of  most  of  our  transportation  waste,  but  es- 
pecially the  first  of  these.  Here  is  where  there  is  the 
greatest  room  for  improvement,  in  the  cartage  of  l.c.l. 
freight  between  the  railway  terminal  and  the  store  door. 
All  are  more  or  less  familiar  with  the  confusion  and  loss 
of  effectiveness  that  result  from  the  absolute  lack  of  any 
systematic  method  of  railway-terminal  cartage.  You 
also  know  that,  due  to  the  absence  of  scientific  loading, 
routing  and  scheduling  methods,  it  is  common  practice 
to  have  5-ton  motor-trucks  leaving  terminals  and  store 
doors  with  only  a  few  hundred  pounds  of  goods,  not  to 
mention  the  degree  to  which  this  sort  of  wasteful  trans- 
portation prevails  with  smaller  sizes  of  motor  trucks 
and  horse-drawn  vehicles. 

Aside  from  the  need  for  reform  in  this  particular 
field  of  transport  alone,  think  of  the  economic  waste  in- 
volved in  the  transport  of  1.  c.  1.,  express  and  parcel-post 
traffic  combined.  Performing  practically  the  same  ser- 
vice, at  least  so  far  as  deliveries  at  destination  points 
are  concerned,  the  result  is  that  a  trader  frequently  will 
have  three  different  vehicles  at  his  door;  one,  say  with 
1000  lb.  of  freight,  another  with  200  lb.  of  express,  and 
a  third  with  a  10-lb.  parcel-post  package,  all  three  carted 
from  the  same  terminal  but  in  three  separate  partially 
loaded  vehicles.  There  is  nothing  economical  or  efficient 
in  such  methods,  and  no  reason  for  such  waste  and  dupli- 
cation of  effort.  The  railroad  side  of  this  picture  shows 
the  same  duplication  of  effort  with  a  consequent  waste 
of  equipment  prevailing.  We  have  the  freight  car,  the 
express  car  and  the  parcel-post  mail-car,  all  going  to  the 
same  place,  when  the  contents  of  all  three  could  be  car- 
ried in  the  freight  car  alone  at  an  enormous  saving  to 
the  railroads  in  equipment  and  labor.  In  short,  what 
we  need  to  do  is  to  get  greater  load-efficiency  out  of  our 
transportation  equipment,  on  both  road  and  rail,  and  load 
to  capacity.    The  only  way  to  do  this  is  through  the  co- 


!See  The  Journal,  February,  1923,  p.  152. 


ordination  of  all  transportation  agencies.  Each  must 
harmonize  with  the  other. 

We  must  acknowledge  that  the  kind  of  transportation 

1  have  outlined  is  far  from  constituting  harmony  and 
coordination  of  effort.  To  haul  goods  250  miles  over- 
night by  rail  and  take  the  same  amount  of  time,  or  longer 
and  usually  at  greater  cost,  to  transport  those  goods 
from  the  railway  terminal  to  the  merchant's  store  door, 

2  or  3  miles  away,  is  a  sad  reflection  on  our  business 
sense. 

An  executive  of  one  of  the  largest  railroads  in  this 
Country  stated  recently  that  between  400  and  500  cars 
could  be  released  per  day  in  one  city  alone  if  his  rail- 
road could  get  rid  of  the  intra-city  haul.  Think  what 
such  a  saving  would  mean  to  that  railroad  and  to  the 
merchants  of  the  Country  in  one  year  alone;  it  would 
make  more  than  150,000  cars  available  per  annum  for 
other  work.  Another  railway  executive  said  that  the  use 
of  the  present  equipment  for  our  railroads  would  be  in- 
creased threefold  by  the  elimination  of  terminal  waste. 

With  regard  to  the  transportation  problem  we  have  to 
solve  and  the  advantage  of  solving  it,  I  will  quote  what 
two  of  our  railroad  executives  say  in  reference  to  this 
matter.  W.  H.  Lyford,  vice-president  of  the  Chicago  & 
Eastern  Illinois  Railway  Co.,  said  in  a  paper  delivered 
before  the  National  Highway  Conference  at  Washing- 
ton, in  October,  1922: 

The  most  important  field  for  cooperation  between  the 
railway  and  the  truck  is  offered  by  collection  and  deliv- 
ery of  l.c.l.  freight  in  large  cities. 

Combined  l.c.l.  freight  of  all  railways  reaching  a  city 
could  be  collected  and  delivered  by  a  properly  equipped 
single  trucking-organization,  working  in  full  coopera- 
tion with  the  railways,  at  less  cost  than  is  now  paid  by 
the  traders  in  that  city  for  their  cartage,  and  still  yield 
a  valuable  profit  to  the  trucking  organization. 

Elisha  Lee,  vice-president  of  the  Pennsylvania  Rail- 
road Co.,  said  in  his  address  on  The  Motor  Truck  and 
Our  Railroads:2 

It  seems  to  me  that  one  of  the  most  important  oppor- 
tunities for  useful  and  successful  coordination  of  motor 
and  rail  facilities  may  be  expected  to  lie  in  organizing 
smooth-working  freight  pick-up  and  delivery  motor 
services  in  the  larger  cities,  for  the  less  than  carload 
traffic,  to  be  operated  in  connection  with  inter-city 
hauls  by  rail.  Such  an  arrangement  would  extend  the 
scope  of  rail  transportation  by  making  it  a  really  com- 
plete service  from  the  premises  of  the  shipper  to  the 
premises  of  the  consignee.  It  would  allot  to  each  trans- 
portation agency  employed  the  portion  of  the  service 
which  each  is  pre-eminently  fitted  to  perform;  to  the 
truck  the  terminal  work  and  to  the  railroad  the  line 
haul.  This  subject  is  of  vital  importance  to  the  rail- 
roads, their  patrons  and  the  makers  of  motor  vehicles, 
alike.  If  such  a  service  could  be  worked  out  for  the 
larger  centers  of  the  Country  generally,  it  would  con- 
stitute one  of  the  most  momentous  advances  ever  made 
in  the  handling  of  railroad  traffic,  and  create  an  eco- 
nomically sound  market  for  the  product  of  the  motor- 
truck makers. 

In  approaching  this  question  it  may  be  noted  that 
the  tendency  usually  is  to  dwell  largely  upon  the  pos- 
sibilities of  reducing  the  cost  of  distribution  through 
the  establishment  of  such  a  system  of  store-door  collec- 
tion and  delivery,  in  the  sense  of  making  possible  a 
structure  of  through-rates  which  would  be  lower  than 
the  combination  of  the  existing  rail-rates  and  the  pres- 
ent costs  of  collection  and  delivery  at  each  end.  It  may 
be  doubted  whether  that  is  really  the  best  selling  point 
upon  which  the  automotive  interests  can  focus  atten- 
tion, or  whether  it  is  actually  capable  of  immediate 
realization.    It  must  be  remembered  that  to  inaugurate 
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such  a  service  as  we  are  talking  about,  it  will  be  neces- 
sary to  enlist  the  aid  of  considerable  new  capital.  A 
service  of  the  character  contemplated  would  certainly 
be  a  vast  improvement  over  the  haphazard  facilities 
for  collection  and  delivery  now  usually  at  the  disposal 
of  shippers  and  consignees  who  do  not  have  their  own 
trucks.  It  would  constitute  a  notable  addition  to  the 
present  service  and  should  be  worth  a  fair  and  reason- 
able price.  It  is  difficult  to  see  upon  what  other  basis 
the  needed  capital  can  be  attracted. 

In  convenience  and  speed  such  a  service  would  lie 
midway  between  the  present  ordinary  freight  and  the 
express.  It  would  be  substantially  a  semi-express  ser- 
vice, affording  complete  through  transportation,  ren- 
dered by  a  combination  of  motor  truck  and  freight  train 
instead  of  by  a  combination  of  truck  and  passenger 
train.  The  aggregate  charges  would  of  necessity  have 
to  be  adjusted  in  proper  recognition  of  the  character  of 
the  service,  always  bearing  in  mind  that  new  capital 
must  be  attracted  if  trucks  are  to  be  purchased  and 
operated.  There  would  be  many  economies  outside  of 
the  rates  themselves.  Among  them  may  be  enumerated 
the  greater  dependability  of  service;  the  reduction  of 
losses  in  transit;  lower  insurance  rates;  greater  ease 
in  making  shipping  arrangements  and  paying  bills; 
and  a  reduction  in  the  time  goods  are  on  the  way, 
which  would  amount  to  a  saving  of  interest  on  idle 
capital.  The  shortening  of  the  time  in  transit  would 
also  permit  the  carrying-on  of  business  with  smaller 
stocks,  thus  in  another  way  reducing  capital  charges. 

In  other  directions  such  a  system  of  collection  and 
delivery  would  effect  many  savings  which,  although 
difficult  to  measure  exactly,  would  be  nevertheless  real. 
Among  them  may  be  mentioned  the  more  efficient  use 
of  the  public  thoroughfares,  lessening  the  losses  and 
delays  now  incident  to  the  street  congestion  and  crowd- 
ing that  are  so  marked  under  the  present  totally  unor- 
ganized trucking  methods  in  general  use. 

Since  my  return  from  Europe,  the  picture  I  have  got 
of  this  situation  is  that  the  railway  men,  whatever  their 
record  has  been  during  the  past,  are  now  more  than 
willing  to  cooperate  with  the  traders  and  the  public  to 
work  out  some  plan  that  will  be  satisfactory  to  everyone. 
Let  us  hope  that  our  lawmakers  will  also  cooperate  and 
make  it  possible  for  the  railways  to  furnish  constructive 
assistance  in  this  matter,  unhampered  by  restrictive 
regulations.  The  foregoing  shows  that  an  efficient  sys- 
tem for  the  collection  and  delivery  of  miscellaneous-goods 
traffic  at  railway  terminals  is  of  vital  importance  to  the 
success  of  the  railroads  as  well  as  to  the  traders  and 
the   public. 

Delay  and  Excessive  Cartage  Cost 

To  show  clearly  what  a  large  factor  cartage  is  in  the 
cost  and  the  time  of  transporting  miscellaneous  goods 
in  our  large  cities,  I  will  relate  an  experience  of  my  own. 
My  home  is  in  New  York  City  and,  having  purchased 
two  beds  in  Baltimore,  I  had  them  properly  crated  and 
shipped  to  me  by  freight.  Five  days  after  the  beds  were 
shipped,  I  received  a  notice  from  the  railroad  company 
that  the  beds  were  at  the  Harlem  River  Freight  Station 
and  that  they  must  be.  removed  within  48  hr.  Upon 
telephoning  the  freight  station,  I  was  referred  to  a  "re- 
liable" truckman,  who  agreed  to  deliver  the  beds  at  my 
house.  This  he  eventually  did,  but  not  within  the  time 
limit  of  48  hr. ;  so,  I  was  forced  to  pay  50  cents  for  stor- 
age charges,  and  the  cartage  charge  on  the  two  crates 
of  130  lb.  each  was  $4.  The  freight  charge  from  Bal- 
timore to  New  York  City,  about  200  miles,  was  $2.13 
and  the  cartage  from  the  freight  depot  to  my  house, 
about  214  miles,  was  $4.  When  I  protested  both  the 
cartage  and  the  storage  charge,  the  driver  of  the  motor 


truck  invited  me  to  go  and  see  what  a  difficult  job  it 
was  to  collect  freight  at  that  station. 

After  finding  out  the  tonnage  he  moved  per  day,  I  am 
satisfied  that,  if  there  was  to  be  a  fair  profit  for  his 
company,  the  charge  made  was  not  excessive.  This  cart- 
age company  is  an  organized  company  that  has  been  in 
the  business  for  some  time,  but  from  what  I  learned 
then  and  since  the  trouble  is  largely  due  to  the  general 
lack  of  system  at  such  freight  stations  and  in  cartage 
methods,  and  this  case  is  a  typical  example  of  the  waste 
that  prevails  in  this  field  of  transport.  The  load  efficiency 
of  that  cartage  company's  trucks,  including  return  loads, 
was  about  30  per  cent. 

The  foregoing  information  should  make  us  realize  the 
necessity  for  our  help  and  active  participation  in  the 
accomplishment  of  something  that  will  benefit  all  of  us, 
whether  we  be  traders,  railway  men  or  motor-truck  oper- 
ators, poets  or  farmers ;  and  I  will  now  relate  some  of 
the  essential  things  about  English-railway  cartage- 
methods  for  the  collection  and  delivery  of  miscellaneous- 
goods  traffic,  as  I  am  convinced  that  their  plan  contains 
the  principal  elements  of  a  system  that  perhaps  would 
not  be  a  "cure-all"  for  us,  but  would,  at  least,  be  a  vast 
improvement  over  our  present  disorganized  practice. 

The  English-Railway  Cartage-System 

The  term  miscellaneous  goods  is  used  by  the  English 
railways  to  cover  the  class  of  freight  that  we  usually 
term  I.  c.  1. ;  in  other  words,  the  freight  composed  of 
small  consignments,  not  the  carload  or  large  shipments, 
the  so-called  "store-door  delivery"  variety  which,  in  Eng- 
land, is  composed  of  consignments  of  about  300  lb.  or 
less  each.  The  details  of  the  cartage  and  station  work- 
ings constitute  such  a  complex  subject  that  it  is  only 
possible  to  give  an  outline  of  the  system  at  this  time. 
Therefore,  I  will  discuss  the  subject  only  under  the  two 
main  headings  of  delivery  and  collection.  The  delivery 
of  goods  begins  at  the  time  the  car  door  is  opened,  and 
ends  at  the  time  the  cartage  vehicle  leaves  the  trader's 
door.  The  major  steps  between  those  two  points  are 
best  divided  as  follows: 

(1)  Unloading   and    checking   of   goods   from    cars    to 

platform  or  vans 

(2)  Barrowing    of    goods    to    van-loading    sections    or 

warehouse 

(3)  Loading  and  checking  of  goods  onto  cartage  vehi- 

cles in  district  and  street  order 

(4)  Loaded   vehicles   removed   from   sheds,   and   either 

parked  by  van  setters  or  removed  by  carmen; 
accompanied  by  a  pass,  over  scales  and  out  into 
town  for  delivery 

The  first  step  in  item  (1)  is  controlled  by  the  checker, 
and  his  guide  is  the  invoice  of  the  contents  of  the  car. 
The  work  of  marking  the  invoices  is  a  big  subject,  and 
one  that  cannot  be  thoroughly  covered  at  this  time. 
It  is  sufficient  to  explain  that  when  the  invoice  reaches 
the  checker  at  the  car  door,  it  contains  the  following 
information  pertaining  to  the  cartage  side  of  each  con- 
signment: («),  whether  traffic  is  "delivered,"  or  on  a 
"wait  order";  (b), the  name  of  the  street;  (c),  the  postal 
area,  including  the  area  number;  (d),  the  locality;  and 
(e),  the  district  number  or  mark.  Regarding  the  in- 
formation shown  on  each  invoice,  it  should  be  noted  that 
the  "district  markers,"  the  men  who  mark  the  invoices, 
must  be  accurate.  Local  knowledge  and  experience 
gained  by  constant  repetition  of  company  and  street 
names  enable  the  marking  to  proceed  like  clockwork; 
in  fact,  in  course  of  time,  the  staff  becomes  independent 
of  the  street  lists  for  the  most  part. 
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The  checker  furnished  with  the  invoices  duly  marked, 
instructs  the  "barrower"  to  what  point  he  is  to  take  the 
packages,  whether  to  a  "delivered"  berth  or  to  a  "wait- 
order"  berth.  The  "barrower"  in  time  becomes  so 
familiar  with  this  work  of  item  (2)  that  he  has  only 
to  be  given  the  name  of  the  consignee  to  know  where  the 
goods  should  be  placed.  Many  of  these  men  have  been 
with  the  same  railway  all  their  lives,  and  a  large  part 
of  the  time  on  one  particular  job. 

Item  (3)  constitutes  one  of  the  most  important  steps 
of  all.  The  van  loader  has  a  "delivery  sheet"  for  each 
consignment  of  goods.  The  delivery  sheet  is  made  out 
from  the  invoice,  and  is  practically  an  exact  copy  of  the 
entries  on  the  invoice.  The  "single-entry  delivery  sheet" 
is  used  very  generally  by  all  English  railways  now  and, 
as  the  name  signifies,  it  deals  with  one  consignment  only. 
This  document  eventually  becomes  the  railway  company's 
receipt  for  the  goods,  and  is  the  "Bible"  of  the  carman 
or  truck  driver,  because  his  delivery  sheets  cover  all  of 
the  goods  on  his  van;  each  sheet  is  charged  to  him  when 
he  leaves  the  station  and  must  be  accounted  for  before 
he  checks  off  at  night. 

The  van  loader  should  possess  the  two  important  at- 
tributes of  having  a  thorough  knowledge  of  the  tx-aders 
and  the  streets  and  being  skillful  in  stowing  goods  with 
the  object  of  securing  immunity  from  damage.  The 
first  qualification  should  insure  that  the  goods  are  posi- 
tioned so  as  to  avoid  any  unnecessary  travel  on  the  de- 
livery rounds  and  the  overhauling  of  loads  in  the  street 
en  route;  the  second  should  obviate  damage  to  the  goods 
and  also  personal  injury  through  street  accidents. 

We  can  consider  that  the  van  is  now  loaded  and  ready 
for  the  carman.  The  vans  that  are  parked  after  being 
loaded  need  not  be  described  at  this  time.  The  carman 
must  first  get  his  delivery  sheets,  and  from  them  find  out 
the  number  of  his  van.  Carmen  usually  have  the  same 
horse  or  horses  every  day  or  the  same  motor  truck,  but 
may  have  any  one  of  several  hundred  vans.  As  soon  as  the 
carman  obtains  his  delivery  sheets  from  the  cartage 
office,  he  is  off  to  his  district  to  deliver  the  goods,  after 
presenting  his  gate  pass  to  the  policeman  at  the  gate. 

The  subject  of  districts  is  covered  more  in  detail  in 
describing  the  cartage-control  system  of  the  Midland 
Railway.  It  should  be  explained,  however,  that  there 
can  be  no  hard-and-fast  rule  as  to  the  size  and  the  shape 
of  the  districts.  Thus,  where  the  traffic  ordinarily  is 
sufficient  for  one  vehicle  per  day  only,  a  district  carman 
will  take  a  fairly  large  radius;  on  the  other  hand,  where 
there  are  many  firms  in  close  proximity  to  one  another, 
several  districts  may  be  comprised  within  a  small  com- 
pass. This  means  that  exhaustive  tests  will  be  necessary 
to  determine  the  most  suitable  divisions,  and  here  is 
where  the  English  postal-area  map  is  so  valuable  in 
laying-out  the  districts.  In  most  cases,  the  districts  are 
based  on  collection  stops,  and  the  carman  is  given  a  load 
into  his  particular  collection  district. 

In  following  the  carman  through,  we  find  that  he 
makes  his  deliveries  in  the  order  in  which  he  can  save 
the  most  time  and  travel  the  shortest  distance,  but  all 
the  time  bearing  in  mind  his  collections  that  are  to  be 
made  that  day.  He  usually  finishes  one  or  more  loads  of 
deliveries  by  12:00  noon  and  starts  on  his  collection 
rounds  after  lunch. 

It  should  be  noted  here  that  the  bulk  of  the  miscel- 
laneous-goods traffic  on  English  railways  is  delivered  to 
the  consignees  before  12:00  noon  every  day,  and  it  is 
common  practice  to  give  24-hr.  service  for  this  traffic 
to  places  200  miles  distant,  and  often  farther  than 
that  on  certain  classes  of  traffic.  Think  of  it;  the  "Brad- 


ford traffic,"  woolen  goods  largely,  is  picked-up  say  before 
5:00  p.  m.  today  and  is  invariably  delivered  in  the 
"Wood-Street  Zone"  in  London  by  9:30  a.  m.  tomorrow; 
and  Bradford  is  230  odd  miles  from  London.  This  is 
not  a  special  performance.  The  English  trader  expects 
and  demands  this  kind  of  service,  and  the  railway-goods 
agent  has  a  complaint  to  deal  with  very  quickly  if  the 
goods  are  late  in  arriving  at  the  trader's  store  door. 
One  may  ask,  how  it  is  possible  to  give  such  service.  It 
all  hinges  on  the  "eye-of-the-needle"  link  in  the  chain 
of  transporting  the  goods;  that  is,  the  freight-station 
handling-and-cartage  system.  Every  railway  man  and 
many  of  the  prominent  traders  with  whom  I  talked  about 
this  matter  were  emphatic  in  stating  that  the  traffic 
could  not  be  handled  expeditiously  if  the  traders  did 
their  own  cartage.  The  stations  would  have  to  be  double 
their  present  size  and,  even  were  that  possible,  it  would 
be  a  very  doubtful  proposition. 

The  collection  of  the  goods  from  the  trader's,  or  con- 
signor's, door  can  be  divided  into  four  operations,  and 
are  practically  just  the  reverse  of  the  delivery  workings; 
(a)  traffic  carted  into  the  station,  accompanied  by  "con- 
signment notes";  (b)  van  loads  backed  to  shed  platforms 
or  cars;  (c)  the  unloading  of  the  van  loads  and  the 
weighing  of  consignments;  and  (d)  the  harrowing  of 
goods  to  the  car  side.  The  districts  assigned  to  the  regu- 
lar "district  carman,"  or  "roundsman"  as  he  is  sometimes 
called,  are  based  on  the  collection  stops  in  a  given  area 
or  district.  Each  district  carman  has  a  list  of  the  regu- 
lar stops  in  his  district;  some  are  daily,  some  every  other 
day  and  the  like,  in  addition,  he  may  have  several  spe- 
cial calls  to  make  within  his  district.  Special  or  extra 
deliveries  and  collections  are  usually  taken  care  of  by 
"unattached"  or  "odd"  carmen.  Here  is  where  the 
"cartage  controller"  comes  into  the  picture. 

Cartage-Control  System 

The  Midland  Railway  has,  in  London,  the  most  scien- 
tific cartage-control  system  of  which  I  know.  The  essen- 
tial features  of  the  system  are  as  follows :  St.  Pancras 
and  Somers  Town  are  the  two  main  London  goods  sta- 
tions of  the  Midland  Railway.  In  addition,  they  also 
have  several  sub-stations  with  rail  connections  and  some 
depots  and  receiving  offices,  neither  of  which  have  rail 
connections  and  are  used  largely  to  receive  traffic  from 
the  traders  located  in  this  vicinity.  This  traffic  is  con- 
solidated into  loads  for  the  main  outwards  goods-station, 
there  to  be  loaded  into  cars  and  dispatched  to  the  con- 
signee. London  is  divided  into  what  are  known  as  postal 
areas,  such  as  N.  W.  1,  E.  C.  4,  S.  W.  1  and  so  on.  This 
was  done  by  the  Post  Office  Department  to  expedite  the 
delivery  of  mail,  and  this  postal  area  or  zone  map  is  used 
by  every  railway  and  road-transport  firm  engaged  in  col- 
lection and  delivery  service  in  London.  Using  the  postal- 
area  map  as  a  basis,  the  Midland  Railway  has  divided 
London  into  y2-mi\e  squares  based  on  the  collection  stops 
required.  Each  carman  is  allotted  a  district  covering 
one  or  more  of  these  1o-mile  squares;  he  receives  a  dis- 
trict number  by  which  he  is  known,  and  all  the  various 
documents,  delivery  sheets  and  the  like  that  he  deals 
with  bear  his  district  number. 

Taking  the  delivery  of  the  goods  from  the  goods  sta- 
tion to  the  trader's  door  first,  the  written  instructions 
to  the  loading  staff  are  to  follow  the  lists  prepared  for 
them  showing  the  principal  streets  in  each  postal  area, 
and  giving  the  number  of  the  district  carman  responsible 
for  the  collection  of  traffic  in  each  street.  So  far  as  pos- 
sible, the  same  carman  performs  both  delivery  and  col- 
lection work  in  his  particular  area,  but  where  this   is 
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not  possible  to  arrange,  he  delivers  in  some  closely  ad- 
jacent area,  and  the  loaders  must  load  the  vans  accord- 
ingly. It  is  a  rule  that  the  arrangements  made  must  not 
be  such  as  will  prevent  the  district  carmen  from  getting 
onto  their  collection  work  at  the  scheduled  time.  All  the 
regular  collection  stops  are  made  on  a  schedule-time  plan. 
When  a  carman  leaves  with  his  first  load  of  deliveries  in 
the  morning,  he  knows  whether  he  is  to  return  for  an- 
other load,  to  report  to  the  controller's  office  or  to  per- 
form either  his  regular  or  some  special  work.  In  most 
cases,  the  district  carmen  report  to  their  call  office  after 
finishing  their  deliveries.  Each  call  office  is  supplied 
with  schedules  of  the  district  carmen  working  in  the 
vicinity.  These  schedules  show  all  details  of  the  car- 
man's work,  together  with  the  streets  and  the  houses 
covered  by  each.  The  following  rules  explain  the  method 
by  which  the  cartage  controller  is  kept  informed  as  to 
the  movements  of  all  carmen: 

(1)  Any  orders  of  a  miscellaneous  character  received 

at  a  call  office,  either  through  post  or  by  tele- 
phone, must  be  numbered  with  the  district  num- 
ber and  handed  to  the  carman  when  he  calls 

(2)  Full-load  collection-orders  received  by  the  receiv- 

ing offices  and  depots  must  be  telephoned  to  the 
control  office  at  Somers  Town 

(3)  Orders  received  by  the  receiving  offices  and  depots, 

subsequent  to  departure  of  the  district  carman, 
must  be  telephoned  to  the  control  office  at  Somers 
Town 

(4)  No  alteration  may  be  made  in  a  district  carman's 

scheduled  work  without  obtaining  sanction  from 
the  control  office  at  Somers  Town 

(5)  Any  odd  men  arriving  at  a  receiving  office  may  be 

used  for  clearing  the  office,  but  for  no  other 
purpose  without  first  communicating  with  the 
control  office.  The  latter  will  anticipate  the 
arrival  of  odd  men,  and  endeavor  to  give  instruc- 
tions so  as  not  to  occasion  delay 

(6)  Clerks  in  charge  of  call  offices  will  be  responsible 

for  calling  the  attention  of  the  controller  to  any 
district  carman  who  fails  to  call  at  the  office  for 
instructions  if  he  is  scheduled  to  do  so 

From  the  foregoing  it  should  be  plain  what  a  thorough 
knowledge  the  cartage  controller  has  at  all  times  of  the 
movements  of  every  vehicle  under  his  control.  It  is 
through  this  system  that  an  efficient  and  economical 
cartage  service  is  maintained. 

Before  leaving  this  subject  it  should  be  mentioned 
that,  through  the  information  supplied  to  him,  the  cartage 
controller  is  not  only  able  to  operate  the  vehicles  to  the 
best  advantage,  but  also  is  in  a  position  to  cater  to  the 
daily  or  even  hourly  requirements  of  the  traders.  One 
example  will  serve  to  illustrate  this  point  clearly.  Sup- 
pose the  district  carman  in  a  certain  area  has  orders  to 
make  a  collection  stop  at  a  certain  trader's  premises 
every  other  day  and,  for  some  reason,  the  trader  has  a 
consignment  to  ship  on  the  day  the  carman  makes  no 
call.  The  trader  simply  telephones  the  controller  who, 
either  by  communicating  with  the  proper  call  office  or 
another  trader  on  whom  he  is  scheduled  to  call  next  that 
day,  gets  into  touch  with  the  carman.  The  result  is 
that  the  carman  is  notified  of  the  special  call  to  be  made 
and  takes  care  of  it,  thereby  giving  prompt  service  to 
the  trader  at  little  or  no  extra  cost  to  the  railway.  A 
case  like  this,  without  a  proper  control  system,  would 
mean  either  a  special  trip  for  a  van  or  putting  the  trader 
off  until  the  next  day;  and,  if  the  traffic  were  competi- 
tive with  another  railway,  the  latter  plan  might  cause 
the  railway  not  only  to  lose  the  consignment  in  question 


but  also  to  lose  all  of  that  trader's  business  in  the  future. 
Another  important  function  of  the  controller's  office, 
from  the  railway  point  of  view,  is  that  of  checking  the 
tonnage  carted  from  every  trader.  In  this  way  the  rail- 
way can  keep  a  very  close  eye  on  the  business  of  the 
traders  who  ship  over  its  lines;  and,  if  the  traffic  from 
a  trader  drops  off  without  any  apparent  reason,  an  in- 
spector calls  on  that  trader  at  once.  It  may  be  that 
the  service  is  unsatisfactory  or  that  the  carman  has  made 
trouble.  In  any  case  the  matter  is  dealt  with  properly 
and,  consequently,  very  little  traffic  is  lost  if-  the  rail- 
way can  possibly  prevent  it.  Furthermore,  by  watching 
the  tonnage  carted  per  carman,  it  is  possible  for  the  rail- 
way to  obtain  between  60  and  75-per  cent  load-efficiency 
on  all  cartage  vehicles,  which  is  by  far  the  best  record 

1  know  of  in  this  class  of  service.  These  instances  show 
how  necessary  a  controller  plan  is  to  the  successful  opera- 
tion of  a  large  cartage  organization. 

As  soon  as  the  district  carman  finishes  his  collections, 
he  returns  to  his  home  station.  When  he  enters  the 
station  his  van  is  weighed  and  he  is  given  a  ticket  on 
which  the  weight  of  his  van  and  its  load  are  shown 
separately.  The  next  step  is  at  the  "scrutinizer's"  box 
where  the  "consignment  notes"  are  gone  over  and  from 
them  the  "scrutinizer"  knows  where  to  send  that  par- 
ticular load,  so  that  the  van  will  be  berthed  close  to  the 
car  into  which  the  bulk  of  the  goods  must  be  loaded,  and 
so  make  the  barrower's  trip  as  short  as  possible.  The 
carman  then  backs  his  van  into  the  berth  indicated  by 
the  "scrutinizer."  The  berth  number  is  marked  on  the 
top  sheet  of  the  consignment  notes.  He  turns  his  weight 
ticket  and  consignment  notes  over  to  the  shed  foreman, 
and  this  finishes  his  collection  work,  provided  his  con- 
signment notes  check  with  the  goods  on  the  van.  To 
explain  the  nature  of  a  "consignment  note,"  single-entry 
type  is  the  best.  They  are  handed  to  the  railway  com- 
pany with  each  consignment  tendered  for  forwarding 
by  rail,  and  should  accompany  the  goods  from  the  van 
to  the  car;  immediately  the  goods  are  checked  and  loaded, 
they  are  passed  to  the  invoicing  office.  The  carman's 
next  duty  is  to  turn  over  his  delivery  sheets  and  any 
money  he  has  collected  from  consignees  to  the  cashier's 
office  and  obtain  a  receipt  or  clearance  for  both.  Then, 
after  putting  his  horse  away,  that  day's  work  is  over  for 
him. 

Following  the  van  load  of  collected  goods,  the  third 
operation  is  the  unloading  of  the  goods  from  the  van 
and  the  weighing  of  the  consignments.  At  each  unload- 
ing berth,  a  staff  is  stationed,  usually  two  but  sometimes 
three  gangs.  Each  gang  consists  of  a  checker  and  "caller- 
off,"  or  unloader,  with  two  or  three  barrow  men.  The 
van  is  now  ready  for  unloading,  and  the  checker  has  been 
supplied  with  the  consignment  notes  for  the  load. 

As  an  example,  we  will  suppose  "John  Brown,  Glasgow, 

2  packages,"  is  the  first  consignment  dealt  with.  The 
packages  are  placed  on  a  hand-truck  by  the  unloader  and 
the  barrow-man  is  instructed  where  to  take  the  goods. 
He  also  is  given  the  consignment  note  covering  these 
goods.  In  this  case  the  two  packages  are  for  Glasgow 
and  +he  barrow-man  has  been  given  the  consignment  note 
and  instructed  to  take  them  to  "No.  12  loading-up  plat- 
form." The  distance  is  not  great,  as  the  van  has  been 
positioned  opposite.  On  arriving  at  No.  12  platform,  he 
informs  the  staff  working  there  that  his  packages  are 
all  for  Glasgow,  and  he  is  instructed  to  place  them  in  a 
car  labeled  as  going  to  that  place.  The  loading  staff 
take  the  consignment  note  from  him,  pack  his  two  pack- 
ages in  the  car  and  insert  the  number  of  the  vehicle  in 
which  loaded,  on  the  consignment  note.     The  goods  are 


Vol.   XII 


Mav,  1923 


No.  5 


442 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


now  in  the  car,  and  the  fourth  and  last  operation  is  com- 
plete. 

Although  I  have  only  been  able  to  outline  very  briefly 
the  methods  used,  I  hope  it  is  a  sufficient  explanation 
to  present  a  picture  of  the  essential  features  of  English- 
railway  cartage-practice.  A  paper  could  be  written  on 
each  of  the  headings  I  have  mentioned,  and  on  many 
others  not  referred  to  in  this  paper.  The  subject  is 
one  that  requires  close  study  and  as  much  light  as  can 
be  brought  to  bear  upon  it,  if  we  would  know  it  thor- 
oughly. It  took  me  a  large  part  of  the  15  months  I  was 
abroad  to  learn  what  I  know  about  it,  but  I  feel  that 
the  time  spent  was  justified,  for  I  am  convinced  that 
many  of  the  English-railway  cartage-methods,  especially 
the  principal  features  of  their  cartage-control  system, 
can  be  applied  to  great  advantage  in  solving  our  railway 
cartage-problems  if  we  are  willing  to  learn. 

The  Field  for  the  Motor  Truck 

The  field  for  the  motor  truck  lies  in  a  properly  co- 
ordinated, well  organized  collection-and-delivery  service 
for  the  cartage,  drayage,  trucking,  or  whatever  the  term 
may  be,  of  the  miscellaneous-goods  traffic  of  every  rail- 
way terminal  in  every  city  of  this  Country.  I  am  not 
mentioning  the  short-haul  traffic  now  performed  by  the 
railways  within  a  25-mile  radius  of  our  cities,  and  which 
offers  a  tremendous  field  for  organized  motor  haulage. 
Moreover,  that  the  railways  would  be  glad  to  let  the 
motor  trucks  handle  this  traffic,  is  not  a  rash  statement 
to  make.  Again  quoting  Vice-President  Lee  of  the  Penn- 
sylvania System  :3 

There  is  just  one  more  subject  upon  which  I  would 
like  to  touch,  and  that  is  the  limits  of  distance  within 
which  the  motor  truck,  instead  of  acting  jointly  with 
the  railroad,  may  be  regarded  as  fitted  to  take-over 
merchandise  freight  service  in  its  entirety.  In  my 
opinion,  all  freight  service  within  city  and  highly  de- 
veloped suburban  areas  should  be  performed  entirely 
by  truck,  except  those  special  cases  involving  single 
pieces  of  such  great  weight  as  to  necessitate  the  use 
of  railroad  equipment  and  roadbed.  Otherwise,  the 
railroads  ought  to  be  relieved  altogether  of  intra-city 
business,  so  that  their  tracks  within  the  municipal 
areas  may  be  reserved  entirely  for  the  purposes  for 
which  they  were  constructed,  namely,  the  rendering  of 
the  strictly  terminal  service  required  in  connection 
with  the  line  hauls. 

Outside  of  the  strictly  cosmopolitan  districts,  the 
question  of  determining  the  economic  limits  of  truck 
operation  resolves  itself  into  one  of  determining  the 
point  at  which  the  cheaper  costs  of  truck  service  within 
terminal  zones  begin  to  be  overcome  by  the  greater 
efficiency  of  the  line  haul  by  the  railroad.  The  dis- 
tance would  naturally  differ  for  every  center.  It  may 
sometime  have  to  be  designated,  more  or  less  arbi- 
trarily, for  every  cosmopolitan  district,  by  regulative 
authority.  Possibly  a  fair  average  distance  might  be 
25  miles  around  every  large  city.  Within  a  circle  of 
some  such  radius  most  of  the  less-than-carload  work 
can  be  done  more  efficiently  if  performed  entirely  by 
trucks.  Outside  of  it,  the  greater  efficiency  will  be 
obtained  by  the  use  of  trucks  for  collection  or  delivery, 
and  the  railroad  for  the  intermediate  line  haul. 

Therefore  it  should  be  unnecessary  for  anyone  to  need 
to  point  out  the  field  for  the  motor  truck  in  this 
Country  for,  in  my  opinion,  the  motor  truck  is  on  the 
eve  of  entering  a  field  of  activity  that  will  make  the 
transportation  of  people  and   things,   from   one  part  of 

"See  The  Jovrnai..  February  1923,  p.  154. 
*  See  The  Journal,  December,  1922.  p.  477. 
•See  World's  Carriers,   (London)   Feb.   15,  1921. 


the  earth's  surface  to  another,  cheaper  and  easier  than 
today  appears  to  be  possible  of  accomplishment.  The 
opportunity  awaits  us  and,  if  the  transportation  men 
of  this  Country  fail  to  take  advantage  of  it,  we  deserve 
to  suffer  the  consequences.  I  am  convinced  of  one  thing; 
it  is  that  to  solve  our  transportation  problem  we  must 
labor  unceasingly,  give  and  take,  cooperate  and  grasp 
every  opportunity  we  can  to  perfect  ourselves.  If  we 
all  of  us,  railway  men,  road-transport  men,  traders  and 
the  public,  earnestly  and  honestly  do  these  things,  we 
are  sure  to  succeed. 

Horse  Transport 

I  have  a  very  soft  spot  in  my  heart  for  the  horse,  pro- 
vided he  is  kept  in  the  proper  place  and  that  is  not  where 
a  mechanically  propelled  vehicle  is  cheaper  and  quicker. 
Anyone  lacking  even  an  elementary  knowledge  of  trans- 
port who  stops  to  observe  the  traffic  congestion  in  our 
large  citres  can  see  that  the  horse  vehicle  is  unsuitable 
for  much  of  the  work  it  now  performs.  The  experienced 
observers  know  that,  if  loading  and  unloading  were  more 
efficiently  handled  and  less  subject  to  delay,  the  economic 
field  for  horse  transport  would  be  reduced  beyond  the 
conception  of  most  people.  Even  as  matters  stand  today, 
were  accurate  costs  known,  it  would  be  found  that  the 
motor  truck  should  replace  a  very  large  proportion  of 
the  horses  used  in  the  urban  centers  of  not  only  this 
Country  but  those  of  other  countries  as  well. 

As  an  instance  of  what  has  happened  in  this  matter 
abroad,  according  to  J.  H.  Brodie,  city  engineer,  at  Liver- 
pool, England,  in  1919,  along  the  line  of  docks,  horse- 
drawn  vehicles  handled  98.4  per  cent  of  the  tonnage  and 
mechanically  propelled  vehicles  handled  1.6  per  cent.  In 
March,  1922,  horse-drawn  vehicles  handled  52.4  per  cent 
and  the  mechanically  propelled  vehicles  47.6  per  cent. 
I  assure  you  that  an  Englishman  is  hard  to  change;  so, 
you  may  rest  assured  this  Liverpool  change  is  entirely 
warranted  by  the  facts  and  figures.  Moreover,  the 
English  horses  are  wonderfully  strong,  and  12  to  13  tons 
is  a  common  load  for  two  horses  on  the  Liverpool  docks. 

The  Unit  Container 

On  the  subject  of  the  unit  container  as  applied  to  traf- 
fic for  interchange  between  the  railway  car  and  the  road 
vehicle,  I  have  discussed  this  subject  at  some  length  with 
both  railway  and  road-transport  men  abroad  as  well  as 
in  America.  My  conclusions  are  that,  without  radical 
departure  from  present-day  practice,  it  is  only  for  special 
classes  of  traffic  that  the  unit  container  can  be  used  to 
great  advantage. 

Fig.  1  shows  the  Vickers  duralumin  unit-container  of 
3-ton  capacity.  Its  unladen  weight  is  only  two-fifths 
that  of  an  oak  container  of  equal  capacity.  The  con- 
tainers shown  in  Fig.  1  have  proved  to  be  much  more 
economical  than  any  other  type  I  know  of.  They  are 
constructed  of  duralumin,  a  metal  that  is  described  at 
length  by  R.  W.  Daniels.*  The  technical  editor  of 
World's  Cai-riers,  London,  Hugh  Miller,  wrote  about 
this  container  as  follows : 

The  Vickers  duralumin  sling-van  has  not  as  yet 
been  made  of  sufficient  size  for  the  furniture  removing 
or  like  business  so  far  as  we  know.  The  one  we  saw, 
and  which  we  illustrate,  was  about  half  the  size  of 
the  furniture  remover's  sling-van,  and  is  being  used  so 
far  experimentally  only,  but  we  cannot  conceive  it  as 
a  failure.  The  actual  weight  is  about  two-fifths  that 
of  an  oak  van  of  equal  capacity;  that  is,  assuming  the 
weight  of  an  oak  van  as  1  ton,  the  duralumin  van 
would   weigh   8   cwt.    only,   and   where   the   rate   is   80 


Vol.   XII 


May,   1923 


No.   5 


ENGLISH  CARTAGE  AND  AMERICAN  RAILWAY-TERMINAL   TRUCKING 


443 


shilling's,  or  about  $20  per  ton  for  the  goods  trans- 
ported, a  quite  usual  rate  for  the  class  of  goods  carried 
in  such  vans  between  London  and  Liverpool,  for  in- 
stance, there  is  a  direct  saving  of  £2  8s,  or  approxi- 
mately $12,  without  counting  the  freightage  for  the 
returned  empty.  Besides  the  advantage  gained  in  the 
reduction  of  weight,  the  Dartford  Engineering  Co.,  the 
container  manufacturer,  claims  a  great  reduction  in 
the  cost  of  maintenance,  though  of  course,  that  has  yet 
to  be  proved.  The  weather  has  no  effect  on  duralumin 
and,  with  equal  treatment,  duralumin  vans  should  out- 
last by  a  great  many  years  those  built  of  oak  or  other 
wood,  though  that  also  remains  to  be  proved.  The 
question  of  strength  is,  of  course,  of  very  great  im- 
portance. If  actually  subjected  to  load-tests,  duralu- 
min vans  would  carry  three  times  the  loads  of  the 
wooden  ones,  but  the  main  idea  has  been  to  combine 
lightness,  strength  and  durability,  the  last  two  relating 
to  its  power  to  resist  impact  blows  against  railway 
trucks,  ship  hatchways  and  docksides.  Vickers  duralu- 
min has  a  tensile-strength  and  hardness  equal  to  good 
quality  mild  steel;  it  is  not  an  easy  metal  to  handle, 
and  considerable  experience  in  its  heat-treatment  is 
required.  The  cost,  of  course,  is  high,  as  that  of  the 
metal   is  also;   but,   as  we   have  explained   above,   the 


Fig.   1 — A   3-Ton   Unit  Container   That   Is   Built  of   Duralumin 

and  Weighs  when  Unloaded.  Only  Three-Fifths  as  Much  as  a 

Wooden  Container  of  Equal  Weight 

extra  cost  is  soon  accounted  for  by  the  saving  in 
the  cost  of  transport,  and  we  anticipate  that  there 
will  be  a  further  compensation  in  the  lower  cost  of 
maintenance.  In  the  case  of  an  industrial  motor- 
vehicle  body,  the  weight  can  be  got  down  nearly  three- 
fifths,  thereby  giving  greater  carrying  capacity  and 
attendant  advantages. 

In  discussing  these  containers  with  Mr.  Griffiths,  the 
manager  of  motor  vehicles  for  Lyons  &  Co.,  London,  the 
first  firm  to  use  them,  he  told  me  that  after  1  year's 
service  the  maintenance  and  repair  cost  was  practically 
nothing,  whereas  the  cost  of  repairs  to  their  wooden 
containers  was  very  high. 

An  English  railway  executive,  the  general  manager 
of  one  system,  sums  up  this  whole  subject  of  containers 
in  a  clear  and  concise  way  in  a  letter  to  me  that  reads 
as  follows: 

You  asked  me  for  an  expression  of  opinion  on  the 
use  of  containers  for  goods  traffic.  My  view  is  that 
in  the  course  of  time  containers  will  be  inevitable, 
because  it  is  one  of  the  few  means  of  reducing  goods 
terminal-costs.  Their  use  implies  that  trade  customs 
will  have  to  alter  and  people  will  have  to  purchase  in 


Fig.   2 — Transferring  One  of  the  "Demountable  Flats"  Used  by 

the  London   &   Southwestern    Railway   from    the   Motor  Lorry 

to  the  "Stand"  Lorry 

larger  quantities  before  such  devices  could  be  effec- 
tively used,  and  the  railway  companies  might  be 
persuaded  to  offer  lower  rates  for  traffic  carried  in 
containers  and  conveyed  at  the  owner's  risk.  Apart 
from  the  great  saving  in  handling  goods  which  would 
follow  the  use  of  containers,  there  should  be  a  dimi- 
nution in  pilfering,  or  thievery,  and  a  considerable 
saving  to  senders  through  not  having  to  provide  in-  . 
dividual  packing.  Take,  for  example,  hosiery,  boots,, 
cloth  and  the  like.  Suitably  designed  receptacles  could 
be  loaded  by  the  senders  and  sealed.  I  am  afraid 
that  a  lot  of  water  will  have  to  flow  under  the  bridge 
before  we  see  containers  in  general  use,  because,  as 
you  know,  great  events  move  slowly  and,  due  to  the 
present  attitude  of  the  public  toward  the  railway 
companies  and  carriers  generally,  transportation 
agencies  probably  would  be  expected  to  provide  all 
the  necessary  receptacles  at  their  own  cost  and  pass 
the  benefit  on  to  the  traders.  As  you  will  appreciate, 
the  cost  would  be  very  heavy ;  because,  not  only  would 
containers  of  a  suitable  size  have  to  be  designed 
sufficiently  strong  to  resist  reasonable  wear-and-tear 
and  yet  be  light  enough  to  make  them  mobile,  but  the 
railway  vehicles  would  have  to  be  redesigned  in  order 
to  get  a  paying  load,  and  road  vehicles  similarly  would 
have  to  be  made  of  such  a  size  as  would  conveniently 
accommodate  one  or  more  containers.  In  other  words, 
some  measure  of  standardization  would  have  to  be 
.  aimed  at,  and  both  containers  on  the  one  hand  and 
railway  and  road  vehicles  on  the  other  would  have 
to  be  made  to  fit  each  other  economically. 


Fig.  3 — The  "Flat"  in  Position  on  the  "Stand"  Lorry  Ready  for 
Another    Load 
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-The  "Stand"   Lorry   with  the  Loaded  "Flat" 
Transfer  to  the  Motor  Lorry 


Ready  for 


An  analysis  of  this  railway  man's  statement  shows 
that,  before  the  unit-container  system  can  be  used  gen- 
erally in  transportation,  the  traders  must  be  willing  to 
hear  their  share  of  the  cost  of  developing  it  because  they 
will  benefit  by  it  far  more  than  the  transport  interests. 
Therefore,  an  earnest  cooperation  of  the  give-and-take 
variety  between  the  traders  and  the  carriers  of  freight 
is  absolutely  essential  if  the  use  of  unit  containers  is 
ever  to  get  beyond  the  experimental  stage,  in  which  it 
stands  today.  This  whole  picture  is  made  up  of  three 
major  parts:  namely,  the  container,  the  motor  truck  and 
the  railway  car.  To  obtain  the  most  efficient  freight 
transportation,  each  one  is  dependent  on  the  other. 

Demountable  "Flats"  or  Bodies 

Before  going  to  the  subject  of  tonnage  handled,  cartage 
costs,  and  evidence  showing  that  the  English  traders 
prefer  their  railway  collection  and  delivery  methods  to 
ours,  I  will  describe  a  "demountable-flat"  device  that  is 
being  used  with  considerable  success  on  some  of  the 
English  railways.  Fig.  2  shows  a  London  &  South 
Western  Railway  "demountable  flat"  being  transferred 
from  a  motor  lorry  to  a  "stand"  lorry.  In  Fig.  3,  the 
flat  is  in  position  on  the  stand  lorry  ready  for  another 
load.  Fig.  4  shows  the  stand  lorry  with  a  loaded  flat 
ready  for  transfer  to  a  motor  lorry.  In  Fig.  5,  the 
loaded  flat  is  being  locked  into  place  on  the  motor  lorry 
by  the  driver.     Fig.  6  illustrates  the  transferring  of  a 


loaded  flat  from  a  stand  lorry  to  a  motor  lorry;  tw'o  men 
transfer  a  loaded  4-ton  flat  with  ease. 

The  London  &  South  Western  Railway,  through  the 
use  of  "flats,"  increased  the  tonnage  moved  per  day  per 
motor  truck  almost  40  per  cent  within  6  months  and, 
although  the  system  is  only  practicable  under  certain 
conditions,  the  same  idea,  possibly  in  a  little  different 
form  in  certain  cases,  could  be  used  to  good  advantage 
in  this  Country. 

Cartage  Costs  and  Tonnage  Hauled 

In  1919,  the  latest  year  for  which  complete  figures  are 
available,  the  annual  tonnage  of  miscellaneous  goods 
carted  by  the  London  railway  companies  was  4,577,100 
gross  tons.  The  distance  each  ton  was  carted  was  from 
1.78  miles  on  the  Great  Eastern  Railway  to  4.08  miles 
on  the  Great  Central;  the  average  for  all  railways  in 
London  was  2.46  miles.  The  average  cartage  cost  per  ton 
in  September,  1922,  for  one  of  the  largest  railways  in 
London  was  approximately  $1.80  per  ton;   at   Sheffield, 


Fig.    5—' 


The    Loaded    "Flat"   Bring    Locked    tn'to    Place    ox    the 
Motor  Lorry  by  the  Driver 


Pig.   6 — Transferring   a  Loaded  "Flat"  from  the  "Stand"  Lorry 
to  the  Motor  Lorry 

The  Transfer  of  a  Loaded  4-Ton   "Flat"   Is  Easily  Accomplished  by 

2  Men 

for  the  same  railway,  the  figure  was  approximately  $1.25 
per  ton.  So  far  as  I  know,  we  have  no  reliable  figures 
available  that  it  would  be  fair  to  compare  to  those  given 
above;  but  let  us  imagine  for  illustration  that,  in  New 
York  City,  a  5-ton  truck  at  $30  per  day  can  take  two 
loads  of  5  tons  each  from  a  railway  terminal  in  an  8-hr. 
day.  The  cost  to  the  trader  then  would  be  $3  per  ton. 
Of  course,  if  the  truck  handled  five  loads  per  day,  but 
with  only  the  same  aggregate  tonnage,  the  cost  per  ton 
would  remain  the  same.  Under  ordinary  conditions  per- 
taining to  this  class  of  traffic,  this  is  a  fairly  accurate 
picture  of  our  cartage  costs  in  railway-terminal  service 
in  large  cities. 

Unified  Control  of  Cartage 

The  best  solution  of  the  problem  we  are  discussing 
probably  will  be  found  by  organizing  either  one  national 
system  for  the  whole  Country  or  else  one  system  in  each 
of  our  large  cities.  That  is  the  weak  spot  in  the  London 
cartage  arrangements,  but  their  transportation  men 
know  it,  as  will  be  seen  from  the  following  statement  on 
the  subject  by  the  prominent  railway  official  previously 
quoted. 

I  have  given  much  thought  during  the  last  6  years 
to  the  London  cartage  arrangements.  It  is  my  opinion 
that,  if  provision  has  to  be  made  for  increased  traffic 
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at  a  minimum  of  expense,  the  only  way  that  this  can 
be  accomplished  is  to  get  to  the  source  of  the  difficulty 
by  organizing  the  receipt  and  despatch  of  traffic  at  the 
trader's  premises  properly,  and  systematically  con- 
trolling conveyance  through  the  London  streets,  as  an 
effective  organization  of  this  character  cannot  be 
established  until  the  railway  cartage  arrangements 
are  controlled  by  one  authority  and  an  operating  policy 
applied  which  will  be  common  to  all. 

Opinions  Regarding  the  English  System 

The  opinions  of  several  of  the  English  trade  organi- 
zations as  to  whether  their  railway  collection  and  deliv- 
ery service  is  satisfactory  to  the  trader  are  quoted  here- 
with. I  should  first  explain  that  the  American  system 
of  letting  the  traders  do  their  own  cartage  is  known  in 
England  as  the  "S  to  S,"  meaning  station-to-station 
system;  the  "C  &  D"  system  refers  to  collection  and 
delivery.  Included  in  the  list  of  associations  approached 
by  me  regarding  the  matter  are  the  Federated  Associa- 
tions of  Boot  and  Shoe  Manufacturers  of  Great  Britain 
and  Ireland,  Papermakers  Association  of  Great  Britain 
and  Ireland,  National  Association  of  Biscuit  Manufactur- 
ers of  Great  Britain,  Association  of  British  Chemical 
Manufacturers,  British  Food  Manufacturers  Federation, 
Silk  Association  of  Great  Britain  and  Ireland,  Inc.,  and 
the  Leicester  Chamber  of  Commerce. 

Opinions  such  as  the  following,  are  expressed: 

This  Federation  prefers  the  system  of  delivery  to 
destination  to  that  of  carrying  "8  to  S"  only. 

We  do  not  consider  that  it  would  be  an  advantage 
to  the  trading  community  for  the  railroad  companies 
to  discontinue  collecting  and  delivering  goods.  It 
would,  in  our  opinion,  not  be  so  satisfactory  to  the 
traders  as  the  present  system. 

The  attitude  of  this  association  to  the  questions 
you  raise  is  that  it  considers  the  English  system 
whereby  the  railway  companies  have  power  to  collect 
and  deliver  merchandise  by  horse-drawn  or  mechan- 
ically propelled  vehicles  is  greatly  to  the  advantage 
of  the  trader. 

It  would,  so  far  as  this  country  is  concerned,  be 
physically  impossible  for  each  trader  to  perform  the 
collection  and  delivery  of  his  own  traffic,  especially  in 


the  large  towns,  as  it  would  lead  to  congestion  and 
consequent  delays  to  the  traders'  vehicles  at  the  rail- 
way stations.  Moreover,  it  would  result  in  the  rail- 
way companies'  not  being  able  to  send  goods  delivered 
the  same  day  as  received  at  their  stations. 

Outside  of  one  or  two  of  the  larger  fy-ms  in  this  in- 
dustry, there  are  very  few  which  have  their  own 
motors  or  cartage  facilities,  and  it  is  largely  to  the 
advantage  of  the  trade  generally  that  the  cartage 
should  be  in  the  hands  of  the  railways  as  a  convenience 
to  them. 

The  present  system  of  cartage  of  goods  to  and  from 
railway  stations  by  the  railway  companies  is-entirely 
satisfactory.  The  greatest  drawback  to  cartage  by 
traders  is  the  varying  time  of  arrival  of  goods-trains, 
which  means  the  keeping  of  vehicles  especially  for  the 
purpose  of  fetching  such  goods  at  practically  a  mo- 
ment's notice:  whereas,  the  railway  companies  deliver 
promptly  immediately  on  arrival.  Moreover,  the  rail- 
way system  of  collection  is  better  than  could  be 
arranged  by  private  firms  which,  in  many  cases,  would 
have  to  make  special  journeys  for  the  sake  of  a  single 
article. 

In  conclusion  I  ask  everyone  who  can  do  so  to  read 
and  ponder  what  Vice-President  T.  C.  Powell  of  the  Erie 
Railroad  Co.  said  in  closing  an  address  to  the  Men's 
Club  of  East  Orange,  N.  J.,  in  1922.     He  said: 

The  important  thing  is  the  total  cost  of  marketing, 
and  marketing  is  made  up  of  many  items.  In  some 
instances  and  on  some  commodities  the  smallest  item 
is  that  of  transportation,  but  whether  the  transpor- 
tation cost  is  a  large  or  small  proportion  of  the  total 
cost  of  marketing,  it  seems  to  me  without  question  that 
the  greatest  economy  in  transportation  can  be  brought 
about  only  by  a  correlation  of  the  various  facilities  for 
transportation.  Instead  of  setting  up  ruinous  com- 
petition and  expending  extravagant  sums  for  dis- 
connected facilities,  capital  will  be  conserved,  waste 
will  be  eliminated  and- economies  will  be  put  into  effect 
that  will  result  in  benefit  to  both  producer  and  the 
consumer  if  we  will  sit  down  in  sober  earnest,  outline 
a  national  policy  of  transportation  and  then  work  to 
that  common  end  with  the  same  spirit  and  consistency 
that  in  an  army  actuates  "horse,  foot  and  artillery" 
when  struggling  to  achieve  a  victory. 


IMPROVED  STORAGE-BATTERY  CONSTRUCTION 


THE  paper  by  Clarence  W.  Hazelett  published  in  the  Oc- 
tober, 1922,  issue  of  The  Journal  entitled  the  Storage 
Battery  as  a  Mechanical  Problem  was  presented  nearly  2 
years  ago  before  the  Cleveland  Section  of  the  Society.  In 
view  of  the  fact  that  some  difficulties  were  encountered  and 
improvements  made  in  the  interim,  it  may  be  interesting  to 
report  them  here. 

The  original  construction  involved  the  use  of  a  wood-fiber 
separator  that  entirely  filled  the  space  between  the  plates. 
This  construction  did  what  was  claimed  for  it,  but  in  addition 
did  some  unfavorable  things,  under  certain  conditions.  It 
was  found  that,  although  the  excess  gas  escaped  on  charging, 
a  certain  amount  of  gas  was  trapped  in  the  pores  of  the 
separator  or  in  the  very  small  space  between  the  plate  and 
the  separator.  This  film  of  gas  increased  the  internal  re- 
sistance, causing  the  cell  to  heat  seriously,  particularly  near 
the  top  of  the  plates,  where  the  greatest  amount  of  gas  was 
trapped.  As  heat  is  the  most  serious  enemy  of  grids,  active 
material  and  separators,  considerable  trouble  resulted  under 
the  conditions  of  service  where  the  overcharging  was  con- 
siderable, i.e.,  where  the  charging  rate  was  too  high  or  a 
large  amount  of  driving  was  done  for  the  use  made  of  the 
lights  and  the  starter.  On  the  other  hand,  under  normal 
charging  conditions  the  results  have  been  splendid. 

To  make  a  product  satisfactory  under  all  conditions,  it 
was  found  imperative  to  return  to  the  grooved  wood  sepa- 


rator. This  change  was  made  a  year  and  a  half  ago,  while 
the  use  of  a  much  larger  number  of  thinner  plates  was  of 
course  continued.  Experience  shows  that  a  large  number 
of  thin  plates  is  far  superior  to  a  smaller  number  of  thick 
plates,  in  both  performance  and  life.  The  continued  trend 
toward  thinner  plates  by  other  large  manufacturers  is  a 
result  of  this  fact.  It  is  to  be  noted  that,  other  things  be- 
ing equal,  thin-plate  batteries  are  always  more  expensive 
than  the  thick-plate  ones,  either  in  vehicle  or  starting  bat- 
teries. 

The  real  practical  advantage  of  the  thin  plates  may  be 
summed  up  as  follows:  (a)  better  starting  performance,  par- 
ticularly with  stiff  engines;  (b)  much  less  tendency  to 
buckle  and  inability  to  do  damage  when  buckled;  and  (c)  the 
positive  decrease  of  shedding.  The  last  point  has  "been  a 
surprise  to  us,  but  it  is  a  well-known  fact  that  other  thin 
plates  very  seldom  fail  through  shedding  of  the  material. 
The  failing  point  in  thin-plate  batteries  is  the  final  disinte- 
gration of  the  grid,  normally  the  longest-lived  part  of  a 
battery. 

The  fiber  separator  is  still  used  as  a  temporary  separator 
in  shipping  charged  elements.  On  receiving  these  elements 
the  service-station  removes  the  fiber  separators  and  replaces 
them  with  the  grooved  cypress  separators  furnished  for  that 
purpose.  The  advantages  of  this  system  in  saving  time 
were  set  forth  in  the  previous  article. 
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Cleveland  Automotive  Transportation  Meeting  Paper 


THE  author  doubts  the  wisdom  of  published  questions 
accredited  to  a  prominent  editor  who  asks:  "What 
is  wrong  with  the  truck  industry?"  since  this  wording 
blazons  an  inference  that  something  is  wrong  and 
fosters  a  belief  that  motor  trucks  cannot  be  sold  and 
operated  at  a  profit  and  the  facts"  marshalled  by  the 
author  indicate  that  actual  conditions  ai'e  directly  to 
the  contrary.  He  believes  that  the  broadcasting  of  a 
question  that  indicates  the  motor-truck  industry  to  be 
unsound  is  dangerous  as  well  as  untrue,  and  quotes 
statistics  of  production  and  usage  as  compared  with 
those  of  passenger  cars  to  prove  his  contention. 

The  history  of  the  motor  truck  is  reviewed  briefly 
and  the  great  changes  in  conditions  of  transportation 
demand  are  stated  as  conclusive  proof  that  the  motor- 
truck is  a  permanent  asset,  that  there  is  nothing 
fundamentally  wrong  with  the  motor-truck  industry 
and  that,  to  the  contrary,  the  motor-truck  industry  is 
fundamentally   right. 

IN  an  interesting  article  on  motor-truck  develop- 
ment, written  by  David  Beecroft,  he  asks: 
"What  is  wrong  with  the  truck  industry? 
*  *  *  Why  is  it  that  this  machine  cannot  be  sold 
at  a  profit  and  operated  at  a  profit?"  The  position 
and  influence  of  the  publications  of  which  Mr.  Beecroft 
is  a  director  merit  recognition,  particularly  when  he 
projects  the  serious  charges  and  implications  that  his 
questions  convey  and  that,  if  true,  would  spell  the  end 
of  the  motor-truck  industry.  If  a  thing  cannot  be  sold 
and  operated  at  a  profit,  it  would  soon  destroy  its  own 
market,  for  no  rational  person  would  invest  in  machinery 
that  it  would  not  pay  to  operate^  nor  would  the  producer 
continue  to  manufacture  at  a  loss.  The  facts  in  the  case 
are  that  the  purchasers  are  continuing  to  buy,  and  the 
makers  are  continuing  to  produce  motor  trucks.  The 
established  companies  are  overwhelmed  with  orders  and 
the  demand  exceeds  the  present  rate  of  supply. 

The  motor-truck  industry  is  comparatively  young,  and 
it  is  going  through  the  "growing  pains"  that  all  indus- 
try experiences  in  its  development.  Unfortunately,  the 
motor-truck  industry  is  so  closely  allied  to  the  passenger- 
car  industry  that  the  recent  astonishing  growth  of  the 
latter  has  overshadowed  developments  in  the  former,  and 
we  are  inclined  to  judge  from  the  comparative  aspects  of 
the  two  industries  as  they  appear  today.  This  error  has 
led  to  the  general  belief  that  the  motor  truck  is  not  pro- 
gressing, and  even  bankers  have  asked  the  same  question 
that  Mr.  Beecroft  put  forth  in  his  article:  "What  is 
wrong  with  the  motor-truck  industry?"  When  such 
questions  emanate  from  important  sources,  we  are  apt 
to  accept  the  implications  without  investigation,  and  to 
support  our  opinions  by  relating  individual  cases  of  fail- 
ure with  which  we  are  familiar.  While  this  is  a  very 
natural  thing  to  do,  it  often  leads  to  gross  error.  When 
this  error  is  made  by  one  whose  influence  is  strongly 
felt  the  consequences  are  likely  to  prove  serious. 

I  am  not  finding  fault  with  Mr.  Beecroft's  viewpoint 
as  a  whole.    Unfortunately,  the  form  in  which  the  article 
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is  printed  blazons  the  words,  "What  is  wrong  with  the 
motor-truck  industry?"  and  the  arrangement  emphasizes 
the  belief  that  motor  trucks  cannot  be  sold  and  operated 
at  a  profit.  The  casual  reader  is  very  apt  to  draw  his  con- 
clusions from  the  headlines  without  digesting  the  text. 
Newspapers  have  capitalized  this  fact  for  years.  Start- 
ling statements  and  innuendoes  have  been  the  life  of  news- 
paper circulation.  It  is  the  blazoned  headline  that  I 
am  criticising,  not  the  text  of  the  article,  which  is  con- 
structive. I  would  not  for  a  moment  belittle  the  good 
work  Mr.  Beecroft  has  done  toward  the  development  of 
the  automotive  industry.  However,  I  cannot  but  believe 
that  his  viewpoint,  as  indicated  by  the  headline,  specified, 
is  based  on  the  current  opinion  that  something  is  wrong 
with  the  motor-truck  industry  because  it  did  not  react 
as  rapidly  as  did  the  passenger-car  industry  after  the 
recent  business  depression.  The  reason  I  am  discussing 
the  matter  at  all  is  that  I  believe  that  the  broadcasting 
of  a  question  which  intimates  that  the  motor-truck  indus- 
try is  unsound,  is  not  only  dangerous,  but  is  contrary  to 
the  facts.  In  support  of  this  belief,  I  present  the  follow- 
ing comparative  analysis  of  the  passenger-car  and  motor- 
truck industries. 

This  analysis  presents  the  history  of  the  development 
of  the  motor-truck  industry  and  compares  that  history 
with  the  development  of  the  passenger  car.  Our  conclu- 
sions, from  the  facts  thus  presented,  will  show  that  there 
is  nothing  wrong  with  the  motor-truck  industry;  that  its 
progress  has  been  as  rapid  as  has  that  of  the  passenger 
car,  and  that  its  product  has  surpassed  the  passenger-car 
product  in  durability  and  service.  For  the  purpose  of  our 
analysis  we  will  take  figures  published  by  the  National 
Automobile  Chamber  of  Commerce.  These  disclose  the 
following  pertinent  facts: 

Statistical  Data 

In  1909  the"  motor-truck  industry  had  grown  to  the 
point  where  the  total  production  for  that  year  was  ap- 
proximately 3250  machines.  The  following  13  years 
showed  a  growth  in  the  industry  to  a  point  where  there 
were  registered  1,330,000  motor  trucks.  This  1,330,000 
motor  trucks,  registered  in  1922,  represents  the  sum  total 
of  the  manufacturing  effort  of  the  motor-truck  industry 
from  its  insignificant  production  of  3250  trucks  in  1909 
to  its  production  of  240,000  in  1922. 

Comparing  this  record  with  that  of  the  passenger-car 
business,  in  1899  the  passenger-car  industry  had  reached 
the  point  of  production  approximating  that  which  is 
shown  for  the  motor-truck  industry  in  1909.  The  records 
show  this  to  be  3700  passenger  cars.  In  1912,  13  years 
later,  the  passenger-car  registration  in  the  United  States 
was  1,033,000  machines.  This  1,033,000  machines  regis- 
tered was  the  net  result  of  the  first  13  years  of  manu- 
facturing in  the  passenger-car  industry  from  the  time 
when  its  production  had  reached  3700  cars.  Compare 
this  with  the  1,330,000  machines  as  a  record  for  the 
motor-truck  industry  in  the  first  13  years  following  the 
time  when  its  production  had  reached  3250  cars,  and  we 
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find  that  not  only  is  there  nothing  wrong  with  the  motor- 
truck industry,  but  that  it  outstripped  the  passenger- 
car  industry  by  about  30  per  cent  in  its  net  result  in 
total  registration.  Today,  the  difference  between  the 
passenger-car  industry  and  the  motor-truck  industry  is 
merely  a  difference  of  10  years  in  age,  not  a  difference 
in  the  fundamental  values  of  the  two  products.  Cer- 
tainly, one  would  not  expect  as  much  from  a  boy  13  years 
old  as  from  a  young  man  23  years  old. 

The  astonishing  history  of  the  development  of  the  pas- 
senger-car since  1913  is  now  common  knowledge. 
Whether  or  not  the  motor-truck  industry  is  destined  to 
repeat  that  history  is  a  matter  of  conjecture.  It  is  appar- 
ent, however,  that  the  market  is  more  restricted  in  its 
gross  consumption  than  the  market  of  the  passenger  car 
has  been,  for  the  reason  that  fewer  people  have  a  use  for 
motor  trucks  than  for  the  passenger  vehicle. 

Motor-Truck  Sales  and  Operation  Profits 

When  Mr.  Beecroft  asks,  "Why  is  it  that  the  motor  truck 
cannot  be  sold  at  a  profit?"  he  loses  sight  of  the  growth 
of  the  manufacturing  institutions  of  the  motor-truck 
industry  and  of  the  financial  statements  of  those  motor- 
truck companies  who  have  directed  their  attention  to  the 
production  and  sale  of  the  motor  truck  in  its  entirety  as 
a  transportation  unit,  rather  than  to  promotion  and  finan- 
cial manipulation.  Also,  when  he  asks,  "Why  is  it  that 
motor  trucks  cannot  be  operated  at  a  profit?"  he  loses 
sight  of  the  vast  investments  made  individually  and  col- 
lectively by  motor-truck  operators.  These  investments,  in 
many  cases  running  into  millions  of  dollars,  stand  as  a 
testimonial  to  the  record  of  economy  and  reliability  of 
motor  trucks  in  the  .service  of  the  purchasers.  When  he 
says  that  motor  vehicles  cannot  be  operated  at  a  profit, 
he  ignores  the  growth  of  motor-truck  fleets,  in  many  cases 
amounting  today  to  several  hundred  and,  in  some  cases, 
more  than  1000  machines.  When  he  says  motor  trucks 
cannot  be  operated  at  a  profit,  he  ignores  the  record  of 
performance  of  motor  trucks  in  service  which  have  run 
from  100,000  to  500,000  miles  and  more  and  are  still 
rendering  efficient  and  economical  service. 

"The  world  counts  the  hits,  not  the  misses,"  and  the 
record  of  development  of  the  motor-truck  industry  and 
of  motor-truck  operation  is  one  of  repeated  "hits"  so  far 
as  the  industry  is  concerned.  The  "misses"  have,  in  a 
large  measure,  been  on  the  part  of  those  purchasers 
whose  selection  of  equipment  has  been  made  without  due 
regard  to  the  stability  of  the  organization  behind  the 
truck;  to  the  record  of  performance  in  service;  to  the 
manufacturing,  sales  and  service  organization ;  and  to 
the  reputation  and  responsibility  of  the  manufacturer  in 
the  motor-truck  field. 

Development  History 

The  history  of  the  development  of  the  motor  truck  is  a 
history  of  progress.  It  is  a  record  of  transition  in 
methods  of  transportation.  The  success  of  the  motor- 
truck industry  stands  as  a  monument  to  the  original 
perception  of  the  early  crusaders  in  the  industry  who 
were  farseeing  enough  to  be  convinced  of  .the  eventual 
success  of  the  machine  as  a  necessity;  plucky  enough  to 
venture  enormous  investments  and  patient  enough  to 
withstand  the  exasperating  trials  of  development  over  a 
long  period  of  time.  The  human  mind  is  not  prone  to 
change  from  one  method  to  another.  This  attitude  un- 
doubtedly is  of  benefit  in  society  in  preventing  the  enor- 
mous losses  that  might  result  from  instantaneous  or  hys- 
terical transition  from  one  practice  to  another.  Unfor- 
tunately, it  often  operates  to  retard  progress  unduly,  long 


after  changes  have  been  demonstrated  to  be  of  advantage 
to  the  world  at  large.  We  have  seen  this  demonstrated  in 
the  application  of  the  telephone,  telegraph,  typewriter, 
adding  machine,  electric  light,  trolley  car  and  many  other 
commercial  utilities. 

The  motor  truck  has  encountered  and  conquered  this 
eternal  barrier,  and,  to  its  credit,  it  can  be  said  that,  in 
conquering,  the  battle  was  won  solely  because  of  the  eco- 
nomic value  of  motor-truck  transportation.  Unlike  the 
passenger  car,  the  motor  truck  has  no  popular  appeal  to 
fancy.  It  is  not  influenced  by  personal  vanity  or  pride. 
There  is  no  "living  up  to  the  neighbors."  The  motor 
truck  is  an  essential  thing  in  the  world  of  business  today; 
it  is  an  essential  because  it  is  in  keeping  with  our  indus- 
trial progress.  Motor-truck  operation  marks  a  foi'ward 
step  in  transportation.  It  is  a  natural  consequence  of  the 
development  and  expansion  of  railroads. 

The  Changing  Aspect  of  Transportation. 

Railroad  development  permitted  the  concentration  of 
manufacturing  industries  on  a  large  scale  at  points  con- 
venient to  their  raw  materials  or  for  the  distribution  of 
finished  products.  It  opened  vast  uninhabited  regions  to 
immigration  and  prosperity.  By  bringing  the  products  of 
distant  regions  to  the  toiling  millions  of  the  cities,  the  rail- 
roads have  made  it  possible  for  cities  to  increase  in  pop- 
ulation and  prosperity,  and  the  entire  civilized  race  has 
been  blessed  by  the  greater  economic  efficiency  thereby 
obtained.  This  centralization  of  population  in  towns  and 
cities  created  problems  of  transportation  which  seriously 
threatened  further  development  of  the  communities.  The 
frontiers  of  the  cities  pushed  farther  and  farther  into  the 
surrounding  country.  Distances  within  the  populated 
areas  became  greater.  There  was  an  increasing  demand 
for  food  in  larger  quantities.  This  demand  naturally  stim- 
ulated the  development  of  food-producing  areas  adjacent 
to  these  consuming  centers.  As  the  cities  grew,  these  pro- 
ducing areas  not  only  moved  farther  and  farther  away, 
but  they  also  expanded  to  meet  the  demand  for  an  in- 
creased production  caused  by  the  increased  population. 
This  development,  like  the  proverbial  flea  on  the  flea, 
proceeds  ad  infinitum.  Consequently,  gardeners  and 
dairy  farmers  who,  a  few  years  ago,  were  faced  with  a 
short  haul  to  the  nearby  market,  now  find  the  horse- 
drawn  vehicle  of  other  days  entirely  inadequate  to  cover 
the  increased  distance  to  the  cities  where  they  dispose  of 
their  products.  In  the  same  way,  the  delivery  areas  of 
the  city  merchant  and  of  manufacturing  industry  have 
all  expanded  with  the  changing  conditions  of  our  polit- 
ical economy. 

The  changes  wrought  by  the  centralization  of  indus- 
try have  resulted  in  a  disturbing  disproportion  of 
population  in  the  rural  and  urban  communities.  In 
1880,  the  population  in  the  rural  sections  was  70  per  cent 
of  the  total.  Today  the  conditions  are  reversed,  and  70 
per  cent  of  the  people  now  live  in  cities;  they  produce 
manufactured  products  and  depend  on  the  other  30  per 
cent  for  their  food  supply.  In  the  transition,  the  com- 
plexity and  aspect  of  transportation  is  constantly  chang- 
ing. What  was  adequate  transportation  a  few  years  ago 
is  entirely  inadequate  today. 

Increasing  problems  of  traffic  congestion  have  claimed 
the  attention  of  railroad  operators  and  engineers  for  the 
past  10  years  and,  at  times,  congestion  has  become  so 
acute  as  greatly  to  impede  freight-traffic  movement.  An 
entirely  new  phase  in  transportation  has  developed.  The 
proposition  is  constantly  before  us.  We  see  it  on  every 
hand.  Compare  the  conditions  of  living  in  the  city  with 
those  of  the  small  rural  community,  and  the  facts  in  the 
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are  very  apparent.  The  problems  are  insignificant 
in  the  small  towns,  but  the  complexity  increases  in  the 
city  and  with  the  growth  in  the  population.  Nationally, 
the  interchange  of  commodities  and  the  interrelation  and 
common  interest  existing  between  the  communities,  the 
stales  and  the  nation,  constantly  multiply  the  complexity 
of  transportation.  The  development  of  the  telephone,  the 
telegraph,  the  postal  service,  the  passenger  automobile 
and  the  railroad  have  all  contributed  to  ease  of  communi- 
cation and  dispelled  isolation.  This  has  created  a  demand 
for  rapid  and  economic  distribution  of  freight  and  pas- 
•ers  beyond  the  ability  of  the  railroad  and  horse-drawn 
wagon  to  supply. 

Motor  Trucks  Are  Permanent  Assets 

The  motor  truck  has  established  itself  in  this  field; 
it  is  the  connecting  link  between  the  wholesaler  and  the 
retailer.  Today,  transportation  is  divided  between  the 
wholesale  user,  and  what  might  be  termed  the  retail  user. 
Bulk  and  low-rate  freight  is  transported  from  the  pro- 
ducing to  the  distributing  centers,  where  it  is  reshipped 
to  the  retail  consumers.  These  retailers  market  miscel- 
laneous products  at  home  and  in  the  nearby  cities,  either 
directly  to  the  consumer  or  through  wholesalers,  packers 
or  jobbers.  For  the  former  class  of  service  the  railroads 
offer  adequate  transportation  facilities,  especially  for 
the  longer  distances  between  the  point  of  production  and 
the  market.  For  the  latter,  this  form  of  transportation  is 
available  in  but  a  limited  degree,  for  it  is  obvious  that 
the  ramifications  of  the  railroads  cannot  be  expanded  to 
the  form  of  a  series  of  spider's  webs  radiating  from  indus- 
trial centers  and  reaching  all  communities. 

So,  the  motor  truck  has  come  to  be  a  necessity ;  first, 
because  of  its  value  as  an  economical  and  efficient  means 
of  transportation;  second,  because  the  increasing  com- 
plexity of  our  modern  civilization  has  developed  a  demand 
for  a  new  and  better  expansion  in  transportation  that  can 
adapt  itself  to  changing  conditions  and  that  is,  in  large 
measure,  unrestricted  in  its  direction  of  operation.  This 
demand  not  only  applies  to  the  freight-carrying  vehicle, 
but  to  the  motorbus  as  well.  When  properly  correlated 
with  steam  and  electric-railway  systems,  motor-vehicle 
operation  insures  the  public  convenient  and  economical 


transportation.  It  destroys  nothing  that  progress  has 
constructed,  but  rather  increases  the  efficiency  of  those 
institutions. 

Today,  the  motor  truck  constitutes  our  primary  trans- 
portation system,  delivering  direct  to  the  consumer  or  to 
the  steam  and  electric  railways  for  long-distance  hauling. 
Its  worth  lies  in  the  value  of  the  service  rendered,  and  it 
is  in  recognition  of  this  value  that  Mr.  Beecroft  reit- 
erates the  conviction  that  the  commercial  vehicle  is 
ushering  in  a  new  era  of  motor  transportation.  It  is  in 
recognition  of  this  value  that  the  fleet  owner  purchases 
motor  trucks  as  a  new  factor  in  transportation  capable 
of  expanding  his  business  zone;  improving  the  character 
of  his  distribution  and  influencing  the  volume  of  his  busi- 
ness by  creating  a  constantly  widening  market. 

The  "Right"  of  the  Motor  Truck 

This  is  the  story  of  the  history  of  the  motor-truck 
industry.  It  is  the  story  of  the  reason  for  the  develop- 
ment of  the  motor-truck  industry,  and  it  is  the  story  of 
the  value  of  motor-truck  operation.  This  story  is  the 
answer  to  the  question,  "What  is  wrong  with  the  motor- 
truck industry?"  The  story  tells  what  is  right  with 
the  motor-truck  industry.  The  "right"  of  the  motor-truck 
industry  is  that  it  is  based  on  the  application  of  machinery 
methods  to  highway  transportation.  The  application  of 
machinery  methods  has  resulted  in  mass  production  and 
improvement  in  all  industry.  It  has  created  economy  in 
cost.  As  a  machinery-using  nation,  the  United  States 
has  outstripped  the  world.  If  we  make  our  goods  by 
machinery,  transmit  our  messages  by  machinery,  write 
our  letters  by  machinery,  and  do  our  arithmetic  by 
machinery,  and  if,  as  an  industrial  nation,  we  have  pro- 
gressed through  the  use  of  machinery,  it  is  logical  that 
our  highway  transportation  should  be  by  machinery. 
Therefore,  the  motor-truck  industry  is  fundamentally 
right. 

I  feel  the  industry  owes  a  debt  of  gratitude  to  Mr.  Bee- 
croft. He  has  asked  pertinent  questions  that  have  been 
uppermost  in  the  minds  of  many.  In  this  he  has  per- 
formed a  valuable  service;  for,  through  his  action,  we 
are  given  this  opportunity  to  tell  the  real  story  of  the 
development  and  stability  of  the  motor-truck  industry. 


TESTING  ROAD  PERFORMANCE 


THE  driving  characteristics  of  popular  cars,  chiefly 
British,  but  including  also  some  well-known  American 
makes,  are  being  discussed  in  a  series  of  articles  appearing 
in  Autocar,  London.  The  observations  necessary  for  com- 
paring the  performance  of  the  different  cars  are  made  during 
a   test   run   over   a   standard   route. 

One  of  the  standard  test-routes  is  an  80-mile  loop  starting 
and  ending  in  London  and  extending  to  the  southwest  for  a 
distance  of  over  30  miles.  It  will  be  noticed  that  the  first  and 
last  stretches  entail  traffic  work.  Incidentally, Putney  Hill,  just 
outside  of  London,  provides  an  interesting  comparative  test 
owing  to  the  fact  that  it  must  be  taken  from  a  crawl  because 
of  traffic  conditions.  Twenty  miles  out  of  London,  the  route 
includes  the  Brooklands  race-track,  where  a  special  schedule 
furnishes  most  "of  the  numerical  data  for  the  performance 
tests.  Thus,  the  weight  of  the  car  and  passengers,  the  time 
for  a  mile  at  full-open-throttle,  the  acceleration  figures,  the 
hill-climbing  power  and  the  brake  performance  are  all  deter- 
mined at  Brooklands.  Before  leaving  Brooklands,  an  exact 
1  .  gal.  of  gasoline  is  measured  out  for  the  drive  from  Brook- 
lands to  Newlands  Corner.  This  stretch  of  road  constitutes 
a  fair  sample  of  main-road,  by-road  and  uphil!  work  and  is 


covered  at  a  normal  average  speed  with  no  coasting  and  no 
variation  of  carbureter  setting,  so  that  twice  the  speed- 
ometer reading,  when  the  |  •..  gal.  of  gasoline  has  been  con- 
sumed, should  give  a  fair  figure  for  the  average  miles  per 
gallon. 

The  rest  of  the  route  offers  opportunities  for  testing  the 
suspension  system,  the  steering  properties,  the  engine  vibra- 
tion, the  road-holding  qualities  and  the  hill-climbing  charac- 
teristics of  the  car.  In  fact,  with  the  exception  of  durability 
and  upkeep,  practically  all  features  that  affect  the  relative 
merits  of  a  car  may  be  judged  on  the  standard  test-route 
by  a  competent  observer  who  has  handled  100  or  more  cars 
over  the  same  route. 

This  represents  an  ambitious  though  rather  non-technical 
attempt  on  the  part  of  the  above-named  journal  to  secure 
some  reasonably  reliable  information  and  is  a  distinct  ad- 
vance over  most  attempts  of  this  kind.  An  attempt  is  made 
to  get  real  measurements  of  weight,  maximum  speed-accel- 
eration, reserve  power  on  hills  and  brake  performance,  in 
addition  to  the  observation  of  general  performance  of  the 
cars  on  standard  test-routes  that  have  been  carefully  se- 
lected to  give  average  road  conditions. 
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Discussion  of  Papers  at  the 
Annual  Meeting 


THE  discussion  of  the  papers  presented  at  the  re- 
cent Annual  Meeting  of  the  Society  included 
written  contributions  submitted  by  members  who 
were  unable  to  be  present  and  the  remarks  made  at  the 
meeting.  In  every  case  an  effort  has  been  made  to  have 
the  authors  of  the  several  papers  reply  to  the  discussion, 
both  oral  and  written,  and  these  comments,  where  re- 
ceived, are  included  in  the  discussions.  For  the  con- 
venience of  the  members,  a  brief  abstract  of  each  paper 
precedes  the  discussion,  with  a  reference  to  the  issue  of 
The  Journal  in  which  the  paper  appeared,  so  that  mem- 


bers who  desire  to  refer  to  the  complete  text  as  origin- 
ally printed  and  the  illustrations  that  appeared  in  con- 
nection therewith  can  do  so  with  a  minimum  of  effort. 
In  addition  to  the  discussion  printed  in  the  April  issue 
of  The  Journal  and  that  given  below  the  discussions  of 
the  two  papers  presented  at  the  Engine  Cooling  Session, 
Aircraft-Engine  Practice  as  Applied  to  Air-Cooled  Pas- 
senger-Car Engines,  by  S.  D.  Heron,  and  Cooling 
Capacity  of  Automobile  Radiators,  by  E.  H.  Lockwood, 
will,  it  is  expected,  be  published  in  the  June  issue  of 
The  Journal. 


TESTING  LEATHER  SUBSTITUTES  AND  TOP 

MATERIALS 


BY  J.  B.  DAVIS 


ALTHOUGH  waterproof  protective  material  has 
been  in  use  for  many  centuries,  particularly  in  the 
Far  East,  its  manufacture  in  this  Country  was  not 
begun  until  about  1850,  and  not  until  the  arrival  of 
the  motor  car  did  the  demand  for  so-called  leather- 
cloth  cause  its  production  to  take  a  jump.  This  demand 
has  increased  until  in  1922  the  record-breaking  quan- 
tity of  50,000,000  sq.  yd.  was  consumed.  The  growing 
popularity  of  closed  bodies  has  produced  a  correspond- 
ing call  for  leather-cloth  and  the  importance  of  classi- 
fying and  of  embodying  standard  tests  in  the  specifi- 
cations for  it  is  receiving  close  attention. 

With  the  view  to  assisting  in  the  establishment  of 
uniform  tests  for  the  various  qualities  that  are  desir- 
able in  high-grade  leather-cloth,  the  tests  in  use  by 
one  of  the  largest  manufacturers  are  described,  and 
suggested  specifications  for  top  material,  upholstery 
and  special  body  leather  are  given.  Particular  re- 
quirements will  determine  the  desirability  of  muslin, 
drill,  twill,  sateen,  moleskin  or  duck,  and  the  suita- 
oility  of  each  is  judged  by  the  weave,  construction, 
thread-count,  weight  and  the  like.  Among  the  quali- 
ties that  can  be  determined  by  tests,  directions  for 
which  are  given,  are  resistance  to  wear;  tensile 
strength;  bonding-strength;  resistance  to  stretch  and 
puncture;  thickness;  toughness  and  adhesion  of  coat- 
ing; resistance  to  water,  shrinkage,  fire  and  heat; 
cleansability  and  resistance  to  gasoline  and  the  effect 
of  aging.  [Printed  in  the  March,  1923,  issue  of  The 
Journal.] 

THE  DISCUSSION 

G.  W.  Kerr: — When  I  was  endeavoring  to  select  the 
strongest  material,  the  statement  was  made  to  me  by  a 
salesman  that  all  fabrics  having  the  same  structure, 
weight  and  thread-count  have  the  same  tensile-strength. 
A  manufacturer  said  that  this  was  not  true.  What  have 
your  tests  shown  in  that  direction? 

J.  B.  Davis: — -The  original  fabric  has  a  certain  tensile- 
strength  depending  upon  its  construction  and  weight. 
The  tensile-strength  is  increased  when  certain  strong 
coatings  that  intermingle  with  the  fibers  of  the  yarn  and 
help  to   hold  them  together   are  applied  to  the  fabric. 
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Coated  materials  have  a  higher  tensile-strength  than  un- 
coated  materials,  and  some  manufacturers  bond  two 
fabrics  together.  The  bonding  process  gives,  without 
excessive  weight,  the  advantages  of  the  tensile-strengths 
of  both  fabrics  plus  that  of  the  bonding  cement. 

Mr.  Kerr: — Is  there  not  a  great  difference  in  the 
strength  of  the  yarns  from  which  the  stuff  is  woven,  so 
that  there  is  a  difference  in  the  tensile-strength  of  ma- 
terials otherwise  the  same;  that  is,  having  the  same 
structure,  weight  and  thread-count? 

Mr.  Davis: — Generally  speaking,  that  is  true.  There 
is  the  length  of  staple  to  be  considered,  the  amou.it  of 
twist  and  all  the  things  that  particularly  concern  the 
fabric  manufacturer.  It  is  not  possible,  just  by  taking 
the  weight  and  making  the  thread-count,  to  compare  the 
tensile-strength  of  two  materials. 

H.  C.  Mougey: — My  understanding  of  these  tests  is 
that  they  were  made  almost  entirely  on  new  material. 
In  the  curves  you  show  that  some  material,  when  new, 
may  start  out  with  a  wonderfully  good  test,  yet  in  a  short 
time  the  order  may  be  entirely  reversed.  Is  there  any 
way  to  test  new  material  to  find  out  how  it  will  stand  up 
later? 

Mr.  Davis: — The  mercury-arc  light  reproduces,  as 
nearly  as  possible,  the  actnic  rays  of  sunlight.  By  ar- 
ranging the  equipment  to  combine  the  action  of  water, 
wind  and  sun  in  a  cabinet,  you  can  ascertain  within  a 
comparatively  few  days  how  the  material  will  stand  up 
as  compared  with  the  old  method  that  required  from  6 
months  to  1  year. 

Mr.  Mougey  : — These  tests  were  made  on  new  material 
and  you  saw  later  how  they  compared  on  the  exposure? 

Mr.  Davis: — That  is  correct. 

C.  M.  Manly: — This  paper  parallels  and  goes  beyond, 
to  a  considerable  extent,  the  tests  that  we  made  on  air- 
plane cloth  during  the  war,  on  both  the  coated  and  the 
uncoated  fabric,  especially  in  developing  the  ultra-violet 
tests  and  in  the  manner  of  carrying  them  out.  Some  of 
the  rubbing  tests  have  been  extended  very  much  over  the 
crude  ones  we  had  to  make.     It  seems  to  me  that  these 
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-  should  be  of  great  interest  to  the  automotive  engi- 
neer in  drawing  up  specifications  and  in  knowing  exactly 
what  materials  he  is  getting,  so  that  he  can  stand  back 
of  the  product  in  the  same  way  that  he  stands  back  of 
the  other  parts  of  the  car  through  having  drawn  up 
proper  specifications  for  them. 

We  had  considerable  experience  in  determining  the 
strength  of  airplane  material  by  thread-count.  Of  course, 
you  can  get  any  kind  of  results  you  desire,  for  they 
depend  entirely  on  the  quality  of  the  cotton,  or  linen,  or 
whatever  it  may  be,  out  of  which  the  yarn  is  made.  All 
the  airplane  cotton  cloth  that  finally  was  used  was  made 
from  long-staple  cotton ;  there  was  a  great  difference 
between  the  strength  of  that  cloth  and  of  the  cloth  made 


from  short-staple  cotton.  The  twisting  and  the  merceriz- 
ing of  it  and  the  different  chemical  treatments  it  went 
through  differed  greatly  in  their  effects.  If  you  wish  to 
go  into  the  effect  of  the  number  of  twists,  you  will  find 
that  the  shortest  route  is  to  subject  the  material  to  the 
tests  rather  than  to  go  into  the  intricate  matter  of  the 
weave  and  the  method  of  the  chemical-processing  of  the 
cotton  through  the  mills.  We  found  that  we  could  tell 
quickly  whether  the  cloth  was  suitable  for  airplane  cover- 
ing, if  we  were  given  samples  of  the  cloth,  but  at  the 
beginning  it  was  hard  to  get  information  from  the  cloth 
manufacturers  as  to  the  processes  through  which  they 
put  the  cloth.  There  seemed  to  be  considerable  informa- 
tion on  that  subject  that  they  did  not  care  to  disclose. 


CHEAPER  CLOSED-BODY  CONSTRUCTION 


BY   GEORGE    J.    MERCER 


THE  author  quotes  statistics  relating  to  the  propor- 
tion of  closed  to  open  bodies  and  outlines  the 
changes  that  have  taken  place  in  body  construction  in 
recent  years.  He  sketches  the  advances  that  have  been 
made  and  states  that  the  question  to  be  answered  now 
relates  to  what  all  this  improvement  in  manufacturing 
methods  has.  accomplished  toward  reducing  the  price 
of  a  closed-car  body  to  the  consumer.  He  compares  the 
percentage  of  public  benefit  in  1922  with  that  of  1914, 
excluding  the  period  of  inflated  prices  immediately  fol- 
lowing the  war,  and  states  that  it  is  10  to  15  per  cent, 
but  says  also  that  this  is  an  unfair  comparison  because 
of  the  excessive  increases  in  the  cost  of  labor,  lumber, 
sheet  steel  and  trimming  cloth. 

An  unconventional  type  of  body,  covered  entirely 
with  fabric  over  a  foundation  of  wire-mesh  and  buck- 
ram fastened  to  the  conventional  wood-framing,  is 
illustrated  and  described  in  detail,  together  with  a 
statement  of  its  advantages.  [Printed  in  the  February, 
1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

E.  W.  M  Bailey  : — This  construction  possesses  some 
very  attractive  features.  How  does  the  forming  of  the 
wire  backing,  the  wire  support  for  the  fabric,  lend  itself 
to  wide  change  of  shape,  full-sweeps  and  the  like? 

George  J.  Mercer: — The  body-framing  is  conventional. 
The  wire  is  put  on  and  a  thin  layer  of  wadding  is  put 
between  the  wire  and  the  buckram,  which  is  three-ply,  a 
scant  Vs  in.  thick;  after  being  fastened  on,  the  whole  is 
covered  with  shellac.  That  is  the  only  foundation  for 
the  body  panel  that  we  use.  We  were  surprised  to  see 
the  stiffness  and  rigidity  that  we  got  from  making  the 
body  in  that  manner.  The  forming  of  the  wire  on  this 
body  was  done  entirely  by  hand.  When  starting  the 
work,  the  mechanic  told  me  that  he  would  do  the  upper 
round-back  corner  first,  because  he  thought  that  was  the 
most  difficult  part.  It  was  formed  so  easily,  however, 
that  he  was  surprised.  He  had  no  trouble  at  all.  The 
doors  and  other  parts  that  are  nearly  flat  take  their 
shapes  very  easily.  The  wire  gave  very  little  trouble. 
The  buckram  was  a  little  more  difficult  to  handle.  On 
the  upper  round-back  corner,  we  cut  the  buckram  and 
shaped  it  as  we  should  shape  the  cover  of  a  baseball, 
but  we  believe  that  it  would  be  better  to  soften  it,  put 
it  over  a  form,  let  it  dry  and  then  put  it  on,  because  the 
edges  that  had  been  cut  came  through.  We  had  some 
trouble  and  had  to  shave  the  edges  off  and  pad  them  a 
little. 

Mr.  Bailey: — As  I  understand  it,  you  wrap  this  wire 
round  and  shape  it  over  the  form  ? 


Mr.  Mercer  : — No,  we  formed  the  wire  first  in  the  same 
way  that  a  metal  panel  is  formed.  We  anticipated  that 
we  might  have  to  put  it  under  the  hammer,  but  we  found 
that  we  could  shape  it  by  hand  by  bending  it  over  the 
shape  that  we  required.  We  found  that  we  could  get  the 
required  shape  and  then  see  whether  it  was  right.  We 
could  flatten  it  or  draw  it  out  after  it  had  been  applied. 

Mr.  Bailey: — In  mass  production,  would  you  require 
a  form? 

Mr.  Mercer: — Yes. 

Chairman  George  Goddard: — Did  you  find  that  you 
were  obliged  to  make  the  wood  framing  somewhat 
stronger  at  the  joints  than  would  have  been  necessary 
with  metal  panels  that  really  function  like  gussets  to  the 
frame  structure? 

Mr.  Mercer: — We  had  that  in  consideration  at  the 
time,  and  finally  decided  that  it  would  make  no  differ- 
ence. The  door  is  an  illustration.  It  is  conventional. 
It  would  be  the  same  as  and  no  heavier  than  if  we  applied 
metal  panels  to  it.  We  really  do  not  anticipate  trouble. 
It  might  happen  that  in  some  designs  one  portion  would 
be  weak  on  account  of  not  having  bracing,  but  we  do  not 
anticipate  such  a  contingency  in  the  construction  that 
we  already  have  fabricated. 

The  metal-panel  body,  in  a  sense,  is  rather  peculiar. 
We  get  strength  from  the  panels  and,  at  the  same  time, 
the  doorway  cuts-out  a  large  part  of  that  strength;  so, 
the  body  really  is  not  so  strong  as  it  apparently  would 
be  on  account  of  the  steel  panels  being  there. 

Chairman  Goddard: — That  brings  up  the  question  of 
the  uniform  flexibility  of  the  body  of  a  motor  car.  En- 
gineers who  have  had  experience  in  chassis  construction 
know  that  we  have-  gone  to  three-point  engine-support  in 
various  forms  to  obtain  flexibility  of  the  chassis  and  to 
avoid  cramping  the  crankshaft  bearings  and  the  power- 
plant  in  general.  That  means,  naturally,  that  the  frame 
will  weave  and  become  distorted  temporarily.  Very  few 
body  engineers  have  grasped  entirely  the  meaning  of 
that  distortion  and  its  effect  on  the  body  which  is  re- 
quired to  absorb  it.  In  an  open  body,  the  door-openings 
practically  cut  the  body  into  halves,  and  the  sudden  re- 
duction in  rigidity  or,  rather,  the  increase  in  flexibility, 
is  localized  at  the  sill  section  beneath  the  doors.  It 
should  naturally,  then,  be  the  object  of  the  designer  to 
design  a  body  to  be  as  uniformly  flexible  as  possible ; 
otherwise,  he  will  localize  this  distortion,  which  is  trans- 
mitted to  the  body,  causing  the  opening  of  seams  and 
joints  between  the  moldings  and  the  panels  and  undue 
wear  on   the  lock-bolts,   strikers   and  hinge-pins.     This 
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particular  body-construction  strikes  me  as  making  the 
body  even  more  uniformly  flexible,  and  as  possibly  having 
some  advantages  in  that  direction. 

Mr.  Mercer: — It  is  my  idea  that  no  points  will  be 
unequally  strong.  With  the  fabric  construction  and  the 
wire  and  the  buckram,  the  body  is  more  uniformly  strong 
than  it  would  be  with  any  form  of  construction  now  used. 
There  are  possibilities  in  the  direction  of  its  being  the 
one  perfect  body. 

Chairman  Goddard: — The  one-day  schedule  for  enam- 
eling bodies  is  really  much  less  than  one  day.  It  is  3% 
hr.  for  three  coats  when  the  conveyor  system  is  used. 

Mr.  Mercer: — I  knew  it  was  a  little  less.  I  understood 
it  was  7  hr.  for  the  trimming  and  the  enameling. 

Chairman  Goddard: — Approximately  6%  hr.  from  the 
unfinished  steel  body  to  the  finished  car,  but  the  body 
while  going  over  the  enameling  conveyor  really  undergoes 
four  operations  of  enameling.  For  protection  against 
rust,  the  enamel  is  sprayed  on  the  inside  and  the  under 
surfaces ;  then  the  three  coats  are  applied  successively  to 
the  body  which,  after  each  coat,  passes  through  an  elec- 
tric oven  having  a  temperature  that  varies  from  450  to 
600  deg.  fahr.,  at  a  rate  of  speed  through  the  oven  that 
requires  from  20  to  over  40  min.  per  operation. 

G.  W.  Kerr: — Is  that  for  open  or  for  closed  bodies? 

Chairman  Goddard: — It  is  for  open  bodies.  We  are 
now  in  our  first  year  of  production  of  the  closed  body. 
The  reason  we  use  the  fabric  upper  quarter  at  present 
is  that  we  took  advantage  of  the  fad  of  the  day,  the 
fabric-backed  body;  and,  while  it  is  still  in  vogue,  we 
shall  find  out  how  to  enamel  that  upper  back  panel  suc- 
cessfully without  turning  the  body  upside  down. 

We  believe  thoroughly  in  the  all-steel  body;  some  day 
we  shall  have  it.  The  public  is  well  satisfied  with  the 
fabric-backed,  all-steel  body,  which  is  also  quieter.  We 
have  fewer  sound-proofing  experiments  to  make  and  the 
time-element  has  forced  us  to  use  that  construction.  We 
have  used  the  body  for  more  than  8  years,  and  some 
800,000  of  them  are  in  use.  I  have  seen  a  body  that 
was  enameled  in  1914  and  has  been  taken  good  care  of, 
polished  and  kept  clean,  which  would  take  more  than 
ordinary  observation  to  note  that  it  was  not  new.  The 
enamel  does  not  deteriorate  but,  owing  to  atmospheric 
and  temperature  conditions,  merely  collects  a  residue  of 
bluish  scum,  as  you  might  call  it,  a  film  that  is  removed 
readily  with  the  proper  kind  of  polish. 

The  steel  body  is  in  its  infancy.  I  mean,  not  that  every 
manufacturer  eventually  will  make  a  steel  body,  because 
he  will  not  find  enough  wood  to  make  use  of,  but  it  is 
merely  necessary  to  have  a  production  of  sufficient  quan- 
tity over  which  to  spread  the  die  and  equipment  cost. 
Steel  construction,  enameled,  in  the  end  is  cheaper  than 
wood ;  and,  when  you  consider  that  a  body  can  be  pressed 
out  of  the  sheet,  electrically  welded,  assembled  and 
enameled  in  somewhat  over  one  day  of  actual  time,  this 
is  very  different  from  the  106  days  that  it  takes  us  to  put 
through  a  sedan  body  from  the  lumber  pile  to  the  finished 
car.  That,  however,  includes  18  or  19  days  of  painting 
operations. 

L.  C.  Hill: — Will  wrinkles  appear  in  this  material  as 
it  is  exposed  to  dampness,  rain,  sunlight  and  temperature 
changes  ? 

Mr.  Mercer: — I  think  that  question  can  be  answered  by 
looking  at  the  average  high-grade  fabric  roof.  A  wrinkle 
very  seldom  develops  in  a  roof,  even  after  it  has  been 
out  two  or  three  years.  The  fabric  is  put  on  and  is 
stretched;  that  is,  hot  water  is  applied  to  the  inside, 
or  the  cotton  part  of  the  goods,  then  it  is  put  on, 
drawn  and  pulled  tight ;  it  will  shrink  out.     The  effect  is 


much  the  same  as  stretching  paper  on  a  drawing  board. 

Fabric  that  is  made  to  imitate  leather  has  one  ad- 
vantage over  leather  itself.  Leather  will  sag  in  time 
and  become  stiff  and  hard.  We  anticipate,  and  it  has 
been  actually  proved  by  2  years  of  hard  service,  that  this 
fabric  will  not  show  a  deterioration  in  that  time  that 
would  indicate  that  the  goods  were  used  up,  or  that  the 
car  was  out  of  date,  or  did  not  look  well;  it  still  is  in  a 
state  in  which  it  is  serviceable  and  will  be  presentable. 

A  Member: — Your  remark  on  the  uniform  flexibility 
required  in  body-construction  brings  up  the  difference 
between  the  requirements  of  an  automobile  body  and 
those  of  a  motor-coach.  We  built  the  motor-coaches  that 
run  on  Fifth  Avenue,  New  York  City.  A  material  of 
this  sort,  although  it  may  serve  a  purpose  in  the  passen- 
ger automobile,  would  not  serve  in  larger  construction 
such  as  that  of  the  motor-coach,  because  we  have  found 
that  steel  panels  and  similar  rigid  paneling  perform  a 
definite  function  in  the  motor-coach.  In  an  automobile 
body  the  supports  are  so  close  together,  so  closely  inter- 
spaced, that  the  question  of  the  strength  of  the  covering 
does  not  arise,  but  in  the  motor-coach  the  question  of  the 
construction  and  the  value  of  the  covering  is  vital,  be- 
cause the  steel  panels,  as  a  covering  for  the  coach,  per- 
form a  very  necessary  function  in  stiffening  the  frame 
and  withstanding  the  stresses  against  the  weaving  of 
the  coach  and  of  the  chassis. 

The  structural  members,  the  timber  members,  are 
spaced  more  widely,  and  that  fact  makes  a  rigid  covering 
more  necessary.  If  the  rigid  covering  were  done  away 
with,  so  far  as  the  motor-coach  is  concerned,  it  would 
be  necessary  to  increase  the  timber  sections  and  to 
strengthen  other  parts,  and  that  would  tend  to  make  the 
body  more  bulky.  There  is  a  decided  difference  between 
the  problem  of  automobile  design  and  that  of  motor- 
coach  design. 

Chairman  Goddard: — Inasmuch  as  reference  has  been 
made  to  my  remark,  I  will  qualify  it,  to  refer  to  passen- 
ger-car bodies.  The  motor-coach  type  of  body  is  assum- 
ing greater  importance  and  very  many  more  such  bodies 
will  be  built,  but  I  think  the  remarks  just  made  refer  to 
a  coach  that  runs  on  solid  tires  on  a  smooth  asphalt 
pavement.  If  that  coach  had  pneumatic  tires  and  were 
used  in  interurban  service  at  speeds  of  25  m.p.h.  and 
greater,  I  think  my  remarks  regarding  the  passenger- 
car  body  would  apply. 

A  Member: — Certainly.  Greater  flexibility  would  be 
required  at  higher  speed. 

P.  W.  Steinbeck: — Concerning  the  turn-under  and 
side-sweeps,  would  there  be  bulging  between  the  mold- 
ings, or  should  we  be  able  to  get  a  true  line  on  the  side- 
sweeps  and  turn-under? 

Mr.  Mercer: — There  is  no  bulging  between  the  mold- 
ings that  is  noticeable.  The  screws  are  placed  about 
2'^  in.  apart.  We  have  no  trouble  of  the  kind  you  men- 
tion. The  goods  are  fastened  under  the  molding;  they 
are  nailed  or  tacked  under  the  molding  before  the  latter 
is  applied,  so  that  the  goods  are  smooth.  Then  we  place 
the  molding  in  such  a  way  that  there  is  no  chance  for 
bulging.     Do  you  mean  that  the  molding  would  sink  in? 

Mr.  Steinbeck: — Yes.  If  you  had  a  true  side-sweep 
and  wanted  to  eliminate  as  many  moldings  as  possible, 
how  would  the  side-sweep  be  affected,  looking  at  it  from 
end  to  end?    Would  there  be  a  true  torpedo-shaped  line? 

Mr.  Mercer  : — We  have  considerable  side-sweep  on  the 
body  that  I  have  mentioned.  The  side-sweep  is  more 
than  the  average.  There  is  a  large  "round"  at  the  back 
corner  and  the  back  also  has  a  considerable  "round," 
more  than  is  usually  the  case.     We  have  experienced  no 
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difficulty  at  all.  The  goods,  as  I  have  explained  before, 
are  stretched  tight  and  the  foundation  underneath  is 
firm.  It  is  not  a  soft,  flexible  surface,  but  is  firm.  For 
that  reason  we  do  not  push  into  it. 

Mr.  Steinbeck: — If  you  pull  the  fabric  tight,  it  will 
draw  to  a  straight  line. 

Mr.  Mercer: — It  is  similar  to  a  built-up  coach-roof. 
We  applied  the  cloth  over  a  solid  foundation,  as  we  do 
with  a  roof.  Over  that  we  put  a  wood-fiber  or  some  other 
form  of  stiff  panel ;  we  pull  the  fabric  over  that  and 
have  no  difficulty.     It  is  a  very  old  practice. 

Chairman  Goddard: — You  do  not  apply  a  layer  of 
wadding  under  the  entire  surface? 

Mr.  Mercer: — The  surface  is  made  full;  the  fullness 
is  built-up  before  the  goods  are  put  on. 

A  Member: — Inasmuch  as  this  panel  is  so  flexible, 
would  it  not  be  necessary  to  have  a  more  rigid  frame? 
After  a  body  has  run  for  about  a  year,  the  old-style  panel 
acts  as  a  gusset  or  stiffener.  Would  not  the  panel  loosen 
and  not  reinforce  the  frame,  in  the  same  way  as  that  of 
the  old-style  metal  or  wood  panel? 

Mr.  Mercer: — Do  you  mean  that  the  frame  would 
come  apart  where  it  is  joined? 

A  Member: — Yes. 

Mr.  Mercer: — We  are  now  demonstrating  this.  Any- 
thing that  is  a  radical  change  has  to  be  put  on  the  road 
and  tried  out;  that  is  the  only  way  to  prove  it.  We 
might  theorize  for  the  rest  of  our  lifetimes  and  really 
get  no  satisfaction,  for  we  do  not  prove  it  to  any  other 
person.  For  this  reason,  a  body  will  be  put  on  the  road 
the  first  week  of  February  and  tried  out  over  hard  roads 
and  through  bad  weather  during  the  spring  months  to 
show  just  what  will  be  necessary  in  the  way  of  rein- 
forcement. We  hope  that  by  fall  or  before,  the  test  will 
be  concluded.  In  the  spring,  from  February  on,  a  very 
severe  test  can  be  given  a  car  that  will  amount  to  a  year's 
ordinary  driving.     So  we  are  planning  to  do  that. 

A  Member: — How  about  patching?  Is  that  performed 
as  easily  as  on  a  wood  or  metal  panel? 

Mr.  Mercer: — Yes. 

A  Member: — On  some  bodies,  we  simply  take  out  a 
panel  and  put  another  in. 

Mr.  Mercer: — The  mass  or  quantity  production  of 
today  is  tending  toward  bodies  made  in  sections  that 
are  complete  and  can  be  assembled  and  replaced.  A  num- 
ber of  the  new  makes  of  cars  have  bodies  made  in  that 
way.  If  that  feature  were  carried  out,  it  simply  would 
be  a  case  not  of  patching  but  of  replacing  the  section 
that  had  been  destroyed  or  damaged.  That  would  be 
much  easier  than  repairing  it.  We  provide  for  repairs 
by  replacements  that  are  made  easily. 

A  Member: — How  would  it  act  on  a  side-chain  bus, 
say  a  35  to  40-passenger  bus?  Would  it  act  like  a  metal 
panel   on  the   bottom? 

Mr.  Mercer:- — I  cannot  see  that  it  would  make  any 
difference.  It  will  stand  up  and  will  keep  out  water, 
snow,  wind  and  cold.  That  is  practically  all  that  a  panel 
is  supposed  to  do.  For  any  contingency  except  a  col- 
lision, it  would  be  equally  adequate.  It  is  in  use  now 
for  tops  and  roofs  and  nothing  is  thought  of  it.  For- 
merly, we  had  solid-panel  roofs,  but  they  have  all  been 
replaced  by  the  soft  roof.  It  is  only  a  logical  step  to 
continue  with  the  rest  of  the  body. 

A  Member: — The  side  of  a  bus  works  differently  from 
the  roof. 

Mr.  Mercer: — The  excessive  distortion  of  the  framing 
in  a  bus  would  have  to  be  taken  care  of  by  additional 
braces. 

Mr.  Bailey: — It  seems  to  me  that  the  most  attractive 


feature  of  this  construction  is  its  elasticity  rather  than 
its  lack  of  it.  This  body  certainly  would  be  elastic.  When 
I  study  the  elasticity  of  a  closed  body,  I  always  get  lost. 
I  cannot  see  why  any  closed  body  with  stiff  panels  ever 
can  stand  up;  I  do  not  see  why  it  does  not  go  to  pieces. 
But  in  designing,  we  assume,  of  course,  that  the  sill  of 
the  car  should  be  stiff  enough  so  that  there  would  be  no 
longitudinal  undulation,  but  the  two  sides  of  the  two 
sills  cannot  remain  in  the  same  plane;  therefore,  the 
body  must  twist  and  every  closed  body  must  twist.  I 
assume  that  the  only  reason  it  stands  up  at  all  is  that  it 
twists  at  the  door  and  that  part  of  the  body.  Instead 
of  making  the  frame  of  this  body  heavier,  therefore,  on 
account  of  the  fabric  panel,  my  idea  is  that  it  should 
be  lighter;  the  joints  should  be  heavy  but  the-  body 
should  be  lightened  elsewhere. 

By  the  use  of  fabric,  we  do  not  gain  much  in  time,  if 
anything,  over  enameling.  We  have  the  trimmer's  time 
to  put  against  that  of  the  enameler;  so,  there  is  not  much 
gain  there.  With  regard  to  the  stretching  of  the  fabric, 
the  roof  is  in  a  horizontal  plane  and  the  fabric  on  the 
side  panels  is  stretched  cornerwise.  I  can  see  that  this 
might  cause  trouble.  Another  objection,  a  thing  that 
might  prevent  its  general  adoption,  is  on  the  aesthetic 
side.  Mention  was  made  of  the  beauty  and  the  style 
that  were  given  to  the  landau  by  the  long-grained  leather 
in  the  upper  panels.  The  same  thing  is  being  done  in 
bodies  today  by  building  the  upper  panels  that  way; 
but  the  upper  panel  in  a  landau,  or  in  any  similar  body, 
presupposes  that  it  is  to  be  folded  up  into  a  compact 
space;  it  was  a  superstructure  on  a  paneled  body  that 
had  rigidity  and  form.  If  we  carry  the  leather  effect 
into  the  lower  panels  we  are  violating  the  aesthetic  idea. 

Mr.  Kerr: — I  have  made  experiments  on  the  twisting 
of  closed  bodies  and  have  demonstrated  that  sound  closed 
bodies  can  be  twisted  to  a  limited  extent.  I  have  mounted 
closed  bodies  on  a  limber  chassis,  with  a  three-point 
support,  and  have  jacked  up  one  wheel  until  I  have 
twisted  the  chassis  1%  in.  lengthwise;  the  body  showed 
the  distortion  but   withstood  the  experiment. 

In  service,  of  course,  they  could  not  withstand  a  con- 
dition like  that  very  long.  Chassis  engineers  will  realize 
sooner  or  later  that  the  ideal  should  be  the  unbendable 
and  untwistable  frame.  At  the  Salon  shows  last  year 
and  this  year  a  chassis  was  exhibited  that  had  a  tubular 
cross-member  of  very  large  diameter,  designed  to  prevent 
the  twisting  of  the  frame,  and  a  frame  of  very  deep 
and  very  wide  section,  designed  to  prevent  bending. 
This  year  there  was  a  frame,  perfectly  vertical,  that  had 
cross-members  in  diagonal  form  in  the  center  of  the 
chassis,  an  X  through  which  the  drive-tube  passed.  I 
recognized  its  object  because,  6  or  7  years  ago,  I  saw  the 
experiment  tried  successfully  of  making  an  untwistable 
frame  by  placing  the  cross-members  in  a  diagonal  direc- 
tion, crossing  and  forming  an  X,  the  idea  being  that  if 
two  lead  pencils  were  laid,  one  across  the  other,  and  one 
were  raised,  the  other  would  rise  an  equal  amount  so 
that  the  twisting  strains  would  compensate. 

I  believe  Mr.  Mercer's  construction  would  offer  a  flexi- 
bility in  a  closed  body  far  greater  than  is  possible  with 
a  paneled  body,  but  it  often  happens,  even  with  the  stiff- 
est  bodies  that,  if  the  strain  is  too  great,  the  glass  will 
break.  Glass  breaks  frequently  because  of  a  sudden 
twist.  In  the  old  carriage  days,  the  frame  of  a  coach, 
until  it  had  been  paneled,  could  easily  be  twisted;  once 
paneled,  it  was  absolutely  immovable ;  it  could  not  be 
twisted,  and  did  not  need  to  be,  because  the  springs 
of  the  carriage  were  competent  to,  and  did,  take  all  the 
twist. 
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I  believe  that,  in  this  body  of  Mr.  Mercer's  construc- 
tion, it  would  be  necessary  to  have  very  sound  and  well- 
made  joints;  otherwise,  they  would  loosen  under  the 
twisting  strain.  But  I  think  the  body  would  be  durable 
if  the  joints  were  good,  and  that,  in  most  cases,  the  addi- 
tional elasticity  would  be  an  advantage  rather  than  a 
disadvantage. 

I  think  a  fabric  top  sags,  not  because  it  stretches, 
but  because  it  shrinks.  Leather  tops  on  carriages  always 
shrink.  They  often  shrink  until  they  pull  away  from 
the  nails.  As  I  understand  it,  the  sagging  of  a  fabric 
top  comes  from  the  fabric's  shrinking  crosswise,  which 
pulls  down  the  material  so  that  it  shows  a  bony  appear- 
ance; it  is  not  from  swelling  but  from  shrinking. 

The  substituting  of  a  soft  roof  for  the  solid  roof  has, 
generally  speaking,  proved  very  satisfactory  in  the  dead- 
ening of  sound  and  in  durability.  In  the  old  days,  coach- 
building  in  England  was  done  with  leather  as  an  outside 
covering  for  the  wood  panels.  A  green  hide  from  which 
the  hair  had  been  removed  was  stretched  over  the  roof 
and  the  side  quarters  and  down  over  the  back.  It  was 
nailed  down,  the  edges  were  covered  with  molding,  and 
then  it  was  painted,  roughstuffed,  varnished  and  finished 
as  if  it  were  wood,  but  it  obviated  the  danger  of  having 
the  panels  cracking  and  splitting. 

Alvin  Hunsicker: — I  am  partly  guilty  of  the  fabric 
that  you  have  been  talking  about.  I  have  about  my  neck 
a  collar  constructed  so  that  the  "stretch"  has  been  taken 
care  of.  It  is  not  a  fabric;  it  is  two  fabrics,  each  con- 
structed in  a  different  way  and  the  two  are  put  together 
with  waterproof  cement.  The  stretch,  the  strain,  the 
sagging  points  that  you  have  mentioned,  do  not  exist 
in  this  fabric.  When  we  talk  about  stretching  and 
sagging,  the  average  single  fabric  is  meant,  but  this 
is  a  double  fabric ;  therefore,  all  the  strain  and  twist 
and  sag  have  been  taken  care  of.  It  has  been  built 
to  withstand  the  strains  that  it  is  expected  to  with- 
stand. The  soft  top  is  used  to  get  away  from  the  rum- 
ble. There  must  be  some  rumble  left  in  the  frame. 
The  flexibility  of  this  frame  certainly  should  be  in  its 
favor,  no  matter  what  you  put  on  the  outside.  The  sud- 
den shocks  and  the  twisting  that  an  automobile  gets  are 
very  bad  when  there  is  too  much  rigidity.  We  believe, 
apart  from  the  fabric  question,  that  a  light  flexible  auto- 
mobile frame  has  great  possibilities. 

Chairman  Goddard: — It  is  apparent  that  frames  have 
been  made  more  rigid,  much  stiffer,  than  they  were  in 
the  early  days.  It  is  also  a  fact  that  springs  carry  a 
lighter  load  per  inch;  they  are  of  greater  flexibility. 
There  should  be  no  springiness  in  the  frame.  If  there 
is,  the  spring  in  the  frame  will  get  out  of  step  with  the 
flexibility  of  the  chassis  spring,  and  the  result  will  be 
unpleasant.  The  frame  must  be  stiff;  the  springs  must 
be  flexible,  as  flexible  as  possible;  in  fact,  many  manu- 
facturers are  making  the  flexibility  of  the  springs  such 
that  they  are  correct  for  three-quarters  of  the  full  pas- 
senger-load. In  a  five-passenger  body,  the  springs  are 
made  to  ride  over  roads  of  average  condition  with  from 
70  to  80  per  cent  of  the  load;  with  a  five-passenger  load, 
the  frame  will  hit  the  bumpers  on  an  extreme  bump. 
That  is  done  so  that  the  man  who  rides  alone  or  with  one 
companion  may  have  a  good  ride.  The  average  number 
of  passengers  carried  by  motor  cars,  as  checked  by  E.  S. 
Jordan  on  street  corners  over  a  period  of  6  months,  was 
found  to  be  1.6  passengers  per  car.  So,  the  chassis  en- 
gineer who  designs  a  car  to  carry  three-quarters  of  the 
load  without  bumping  the  axles  or  bumpers  is  working 
safely  in  the  right  direction.  A  frame  can  be  made  stiff 
and  still  not  be  heavy  or  appreciably  stronger  than   a 


similar  section  of  less  vertical  height.     Rigidity  is  what 
is  required. 

Mr.  Hill: — The  National  Automobile  Chamber  of 
Commerce  canvass  that  has  just  been  made,  showing 
that  60  per  cent  of  automobile  owners  want  closed  bodies 
and  40  per  cent  want  open  bodies  at  this  particular  time, 
ought  to  lead  body  engineers  to  concentrate  their  efforts 
on  further  decreases  in  the  cost  of  closed  bodies. 

Chairman  Goddard: — In  a  fabric  construction,  such  as 
that  of  the  old  landaulet  and  landau,  we  always  applied 
the  lead-filled  moldings  very  carefully.  Some  of  them 
were  nickel-plated;  others  called  for  black  enamel;  in 
many  cases,  it  was  necessary  to  touch  up  or  finish  the 
molding  after  the  fabric  had  been  applied.  That  is  not 
a  production  method.  The  moldings  can  be  put  through 
a  low-baked  enamel,  not  a  high-baked  enamel  process. 
My  experience  has  been  that  the  best  molding  is  filled 
with  half-and-half  solder,  not  lead.  The  melting-point 
of  half-and-half  solder  is  below  the  temperatures  used 
with  high-baked  enamel. 

Mr.  Mercer: — When  fabric  was  used  to  cover  the 
upper  rear  back  and  side  quarters  of  the  cheaper  closed 
bodies  that  were  put  into  the  show  a  year  or  two  years 
ago,  the  very  imperfect  method  of  fastening  it  at  the 
moldings  was  rather  disappointing  to  me.  The  lead- 
filled  molding  presents  such  difficulties  that  I  think  it  is 
not  possible  to  consider  it  in  production.  It  would  be 
difficult  to  get  workmen  who  are  capable  of  putting  it 
on  properly.  Fabric-backed  or  soft  moldings,  so-called 
from  the  manner  of  the  finish  that  is  used  for  the  in- 
terior trimming,  never  look  well  because  they  are  not 
clearly  defined.  On  the  sample  body,  we  used  an  ordinary 
oval  3/16  x  %-in.  aluminum  molding,  and  put  screws 
through  it  in  a  manner  similar  to  that  of  the  Rothschild 
construction.  I  do  not  mean  to  give  that  as  an  illustra- 
tion;  it  was  very  expensive. 

A  body  made  by  Budd  and  exhibited  at  the  automobile 
show  typifies  the  very  cleanest  form  of  construction  that 
is  possible  in  applying  fabric  panels.  It  is  an  all-steel 
body  with  the  panel  as  an  insert.  I  believe  that  manu- 
facturers today  are  arriving  rapidly  at  the  point  of 
making  bodies  in  sections  and  of  applying  the  different 
parts  to  the  body.  This  method  has  great  possibilities 
and  many  angles  that  will  help  to  cheapen  construction. 

Budd's  opening  is  like  that  of  a  window  frame;  the 
panel  is  an  insert  and  a  piping  is  applied  that  is  only 
about  %  in.  in  diameter;  it  closes  the  opening,  makes 
a  neat  appearance  and  can  be  made  by  an  average  work- 
man without  too  great  cost. 

The  lead-filled  molding  is  too  expensive.  When  I  first 
became  interested  in  the  fabric-built  body  18  months 
ago,  I  found  that  the  expense  of  making  it  was  greater 
than  that  of  a  steel  body.  A  steel  body  can  be  made 
cheaper  than  a  fabric  body  unless  we  can  get  a  better 
method  of  applying  the  fabric  and  of  finishing  it  where 
the  molding  is  attached.  I  think  the  best  plan  is  to  apply 
a  separate  panel  and  to  put  it  on  with  piping  made  by 
bringing  the  fabric  over  a  reed.  The  piping  is  Yi  in.  in 
diameter  and  is  fastened  to  the  panel  before  it  is  in- 
serted. The  panel  is  pushed  into  and  covers  the  open- 
ing.   It  makes  a  nice  finish. 

Mr.  Bailey: — -I  have  made  a  large  amount  of  molding 
to  take  the  place  of  the  lead-filled  type,  and  have  used  it 
with  fair  success  on  a  series  of  bodies.  We  used  half- 
oval  drawn  steel  with  spot-welded  stubby-headed  nails 
on  the  flat  side.  We  could  do  it  rapidly  and  without 
trouble.  Spot-welding  can  be  done  by  anyone.  As  the 
molding  was  of  steel,  we  could  use  high-baked  enamel. 
I  believe  I  was  a  pioneer  in  enameling.    We  did  a  great 
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quantity  of  it  and  could  dent  the  steel  without  spoiling 
the  enamel.  I  have  tried  that  with  this  molding  very 
successfully. 

Mr.  Kerr: — Mr.  Hunsicker  spoke  about  the  fabric 
eliminating  all  the  drumming  noise.  It  would  eliminate 
all  the  drumming  noise  that  comes  from  the  roof,  but 
the  roof  is  not  the  source  of  all  the  drumming  noise  in  a 
closed  body.  I  have  built  closed  bodies  with  aluminum 
roofs  that  had  no  drumming  noise,  and  I  have  heard 
plenty  of  drumming  noise  in  a  body  that  had  a  soft  roof. 
In  a  car  that  had  what  our  English  friends  call  "boom- 
ing," I  put  my  hands  on  the  glass  on  each  side  and 
stopped  the  booming.  In  that  case,  the  noise  was  caused 
entirely  by  the  synchronizing  of  the  vibration  in  the 
glass  with  that  in  the  chassis. 

Mr.  Hill: — An  apparent  rumble  in  the  roof  of  one 
series  of  closed  cars  was  stopped  by  adding  3  in.  to  the 
tail-pipe  of  the  muffler. 

Chairman  Goddard: — The  roof  picks  up  vibrations, 
one  class  of  which  is  caused  by  the  pulsating  of  the  ex- 
haust. Even  in  multiple-cylinder  engines,  lengthening 
the  muffler  tail-pipe  or  increasing  its  size  steps  the  vi- 
bration up  to  a  higher  mile-per-hour  speed  so  that  the 
vibration,  although  still  there,  is  not  noticeable  because 
the  car  is  not  driven  often  at  the  higher  speed.  In  the 
early  days,  we  eliminated  objection  to  the  noise  by  step- 
ping it  up  to  30  to  35  m.p.h.  At  that  time,  closed  bodies 
were  not  driven  frequently  at  that  speed. 

The  other  is  a  mechanical  vibration,  in  a  four  or  eight- 
cylinder  engine;  the  six,  not  being  so  bad  as  either  of 
the  others,  must,  however,  be  stopped  by  sound-proofing. 
Pullman  cars,  as  everyone  knows,  are  very  quiet.  They 
practically  are  all-steel  cars.  The  roof  is  of  steel  and, 
according  to  the  chief  engineer,  the  company  does  not 
use,  and  has  not  used,  wood-fiber  panels  on  the  inside, 
for  several  years.  Steel  panels  and  a  means  of  sound- 
proofing them  are  used. 

The  noise  from  mechanical  vibration  is  transmitted 
through  the  body-front  structure  and  appears  more  in 
the  front  portion  of  the  roof ;  in  fact,  a  coupe  or  a  small- 
compartment  body  seemingly  will  rumble  worse  than  a 
larger  one,  and  the  roof  will  seem  to  vibrate  in  a  narrow 
portion  of  the  front.  Some  of  the  noise  can  be  stopped 
by  padding  the  front  portion,  perhaps  between  the  first 
two  ribs. 

Mr.  Mercer: — The  noise  trouble  in  the  body  was  over- 
come by  one  body-builder  by  changing  the  method  of 
bolting  the  body  to  the  frame.  He  said  that  he  had  put 
the  first  bolt  close  to  the  dash  and  had  had  considerable 
difficulty,  but  that  he  found  that  by  putting  the  bolt  back 
about  9  or  10  in.  he  had  little  or  no  trouble,  because  the 
front  end  was  not  fastened  close  to  the  engine  supports. 
MR.  KERR: — To  what  body-maker  does  Mr.  Mercer  re- 
fer? 

Mr.  Mercer: — Robbins,  of  Indianapolis. 
Mr.  Kerr: — My  reason  for  asking  is  that  I  know  of 
another  company  that  originally  fastened  the  body  to  the 
frame  right  at  the  dash,  but  it  was  found  that  the  noise 
was  reduced  by  attaching  it  about  8  in.  back  of  the  dash. 
Chairman  Goddard: — I  had  a  similar  experience.  I 
think  it  is  because  nearly  everyone  today  uses  a  steel 
dash,  if  not  a  steel  cowl.  It  is  possibly  on  account  of  the 
effect  of  the  three-point  engine-support  at  about  that 
point  on  the  chassis  frame  and  the  tendency  to  stretch 
the  dash  like  a  drumhead ;  and  also  the  fact  that  the  dash 
is  more  or  less  a  sounding-board  and  is  closer  to  the  en- 
gine than  is  any  other  approximately  flat  panel.  Prac- 
tically every  motor  car  today  has  the  steel  dash,  in  which 
are   corrugated   ribs   to   stop   the   drumming   effect.      I 


think  that  fully  one-half  the  drumming  noise  that  is  not 
in  the  roof  is  in  the  metal  dash. 

Returning  to  the  types  of  construction  or  the  construc- 
tional features  that  decrease  the  cost  of  the  closed  body, 
one  of  the  important  elements  is,  and  always  will  be, 
quantity  production,  on  account  of  the  cost  of  floor-space. 
When  all-steel  body-construction  cannot  be  used,  the 
time-element  must  be  reduced  in  some  such  manner  as 
Mr.  Mercer  has  described,  by  covering  a  body  faster  than 
it  can  be  painted.  Trimming  in  units  and  the  bench  as- 
sembling must  be  considered,  so  that  the  men  shall  not 
be  in  one  another's  way.  Demountable  construction  must 
also  be  studied  for  the  same  reason  that  upholstery  is 
made  in  sections. 

A  Member: — Material  always  is  the  same;  labor  is  al- 
ways the  same.  The  only  way  that  the  cost  of  bodies, 
except  custom-made  or  special-made  bodies,  can  be  cut 
down  is  by  making  them  as  simple  as  possible.  We  can 
give  a  straight  line  to  the  outside  but  we  must  make 
the  bodies  as  simple  as  possible  and  avoid  all  frills.  That 
will  tend  to  speed  up  production.  The  time  saved  by  dis- 
continuing fancy  designs  naturally  will  be  put  into  the 
construction  of  many  more  bodies  and  will  reduce  the 
cost.  Dispense  with  all  moldings  that  can  be  dispensed 
with. 

Chairman  Goddard: — Fad  and  fashion  are  making  it 
easier  every  day.  The  easy-flowing  line  is  backed  by  rea- 
son. It  is  easier  to  fabricate,  is  more  pleasing  to  the  eye, 
is  less  faddish  and  does  not  become  tiresome;  the  buying 
public  also  is  in  favor  of  fabric  at  present.  Everything 
tends  toward  helping  the  engineer  solve  the  problem. 

Mr.  Hill: — Have  you  had  any  expression  of  public 
opinion  on  the  trimming  of  the  inside  of  closed  cars  with 
artificial  leather? 

Chairman  Goddard: — There  is  a  somewhat  large  dif- 
ference of  price  between  a  sedan,  trimmed  in  mohair 
velvet  and  painted  and  varnished  on  the  outside,  and  the 
all-steel  body.  The  all-steel  body  is  enameled;  it  is  black; 
the  inside  is  trimmed  with  Spanish  leather  on  the 
cushions  and  backs,  and  imitation  leather  on  the  sides. 
If  the  prices  were  equal,  we  might  be  able  to  determine 
whether  there  is  a  preference.  The  farmer  wants  a 
closed  car  just  as  much  as  the  man  in  the  city,  and  he 
wants  to  be  able  to  use  that  car  in  emergency  during 
the  week.  It  is  difficult  to  answer  directly  the  question 
whether  the  public  prefers  leather,  or  hard-finished  trim, 
to  fabric.  The  reason  for  using  mohair  velvet  is  very 
similar  to  that  for  using  leather.  The  car  has  a  higher 
resale  value.  The  biggest  item  in  settling  the  appraisal 
value  of  a  motor-car  is  the  paint.  Enamel  finish  answers 
the  paint  question.  The  inside  is  trimmed  in  fabric, 
which  is  nothing  more  or  less  than  the  outgrowth  of  the 
car-plush  used  by  the  railroads.  There  are  objections  to 
mohair,  as  there  are  to  broadcloth  and  other  woolen  fab- 
rics, and  there  are  objections  to  leather,  but  the  main  rea- 
son we  use  it  is  utility. 

H.  B.  Day: — I  am  not  an  engineer  nor  a  mechanic,  but 
I  had  the  first  California  top  that  was  made.  That  was 
in  1916.  The  first  fabric-covered  car  was  in  1918;  so 
that  I  have  had  over  four  years'  experience  with  it. 
With  regard  to  the  cloth  wrinkling,  when  some  parts  of 
the  car  were  covered  with  wadding  underneath  the  cloth, 
the  fabric  would  work  out  and  crack;  and  it  made  no 
difference  what  the  fabric  was.  I  have  had  fabric  on  the 
running-boards  instead  of  linoleum,  with  a  light-weight 
carpet  between  the  board  and  the  fabric.  It  worked  well 
and  did  not  wear  out.  It  was  cemented  to  the  running- 
board,  and  is  practically  as  good  as  new  today.  I  have 
one  car  on  which  fabric  has  been  in  use  for  body-covering 
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for  over  4  years  and  on  which  it  is  still  in  use.  The  car 
has  been  driven  over  60,000  miles,  including  a  trip  to 
Philadelphia  and  back;  and  I  think  the  roads  I  encoun- 
tered in  Arizona  and  Colorado  were  never  so  bad.  The 
car  has  been  out  in  the  desert  and  in  the  snow,  has  been 
exposed  to  salt  water  and  to  the  sun  where  we  have  8  to 
9  months  of  heat  each  year.  The  car  looks  nearly  as  well 
today  as  it  did  the  day  it  was  turned  out.  It  has  had  no 
varnish. 

As  to  the  use  of  fabric  for  lining  inside  the  car,  that  is 
commonly  done  on  California  tops.  Its  use  is  increasing. 
The  fabric  does  not  deteriorate  and  can  be  cleaned.  A 
real  California  top  will  last  as  long  as  the  car  will  last 
and  will  look  well  for  5  or  6  years. 

L.  L.  Williams: — Why  is  the  theory  not  advanced 
that,  instead  of  mortising  joints,  the  joints  should  be 
half-lapped  and  a  screw  sunk  in?  Glue  costs  a  certain 
amount  per  pound.  If  a  man  is  working  on  piece-work, 
he  will  not  leave  his  bench  to  get  fresh  glue ;  he  will  put 
hot  water  into  the  glue  he  is  using.  Why  not  omit  the 
glue  and  put  in  a  screw,  provided  the  screw  is  driven  in 
with  a  screwdriver  instead  of  being  hit  with  a  hammer. 

We  ought  to  get  a  definite  idea  of  what  can  be  done 
to  produce  a  body  at  a  minimum  cost  on  a  production 
basis  in  the  way  that  the  majority  of  builders  necessarily 
produce  bodies.  They  cannot  continue  to  build  bodies  in 
the  way  they  have  been  building  them.  The  cost  is  pro- 
hibitive. I  see  no  reason  that  makes  it  necessary  on  cars 
of  a  certain  price  to  have  a  door  that  must  lap  three  times 
to  keep  out  possible  draft,  and  put  a  weather  strip  inside 
it.  You  do  not  put  a  half-dozen  jambs  on  the  door  of  the 
tightest  house  ever  built;  you  build  a  threshold  for  the 
door  and  fit  the  door  to  it.  Of  course,  the  door  does  not 
hop  about  as  it  does  on  a  chassis. 

I  think  it  is  the  duty  of  the  engineer  to  assert  himself 
and  say  that  he  can  cut  the  cost  of  a  body  if  the  sales  de- 
partment will  sell  it.  If  they  cannot,  then  he  must  in- 
crease the  cost  of  the  body.  If  we  are  building  bodies  at 
a  high  cost,  we  can  do  anything  we  choose,  but  I  think 
the  cars  we  have  in  mind  are  those  with  closed  bodies  at 
a  lower  price.  Why  specify  silvering  quality  plate-glass 
when,  as  a  matter  of  fact,  we  will  not  have  a  bit  of 
plate-glass  in  that  specification? 

On  a  very  inexpensive  closed  body,  I  have  seen  as  many 
as  five  screws  driven  into  the  top  weather-strip  of  a  door, 
when  two,  or  at  the  most  three,  would  hold  it ;  and  nails 
put  into  a  panel  l1*  in.  apart,  when  we  could  not  get  the 
panel  off  if  they  were  4  in.  apart.  I  think  it  is  not  neces- 
sary to  build  straight-sided  bodies.  A  large  part  of 
them  could  be  put  on  a  rocker  form  and  sent  through  a 
planer  just  as  if  they  were  straight. 

Chairman  Goddard: — Mr.  Williams  has  brought  out  a 
very   important    angle   of   the    object    of   this    meeting, 


namely,  to  discuss  how  the  closed  body  can  be  made  less 
expensive  to  use,  not  necessarily  cheaper.  Any  one  who 
brings  out  a  very  cheap  body  is  likely  to  get  a  backkick 
from  it.  The  body  must  function  properly;  it  must  be 
built  on  a  framework ;  whether  the  framework  is  of  steel 
or  of  wood,  the  joints  must  be  made  to  withstand  rough 
usage. 

Mr.  Williams  brought  up  a  point  about  rabbeting  the 
door.  We  formerly  used  rabbets  on  the  hinge  on  the 
sill-pillar  and  on  the  top  rail.  Now  they  have  simmered 
down  to  the  lock-pillar  alone.  It  is  possible  to  discon- 
tinue that  rabbet  and  the  expense  of  that  machine  opera- 
tion. There  are  a  great  many  points  that  have  not  been 
discussed  thoroughly  enough  with  reference  to  decreas- 
ing the  cost  of  closed-body  manufacture. 

Mr.  Steinbeck  : — Has  not  that  question  been  answered 
by  the  making  of  bodies  for  cheap  cars?  Can  we  make 
cheap  bodies  and  put  them  on  high-grade  automobiles? 
Are  there  not  enough  different  classes  of  body  made  today 
to  answer  Mr.  Williams'  question?  We  can  make  them 
without  rabbets.  Taxicabs  are  made  much  more  cheaply 
than  limousines.  All  that  sort  of  thing  costs  money. 
You  could  not  put  that  kind  of  body  on  a  cheap  car,  but 
you  could  put  it  on  a  high-grade  car.  We  might  take  up 
the  same  question  with  the  chassis.  Why  do  we  not  get 
a  chassis  for  a  high-grade  car  at  the  same  price  as  that 
of  a  chassis  for  a  cheap  car?  Because  quality  is  required 
from  the  chassis  engineer  as  well  as  from  the  body  en- 
gineer. So  far  as  prices  are  concerned,  speaking  from 
the  standpoint  of  a  body-maker,  I  think  they  are  low 
enough  today,  but  it  is  true  that  we  would  like  to  get 
them  lower  and  make  a  slightly  greater  percentage  of 
profit. 

Chairman  Goddard: — The  whole  matter  goes  back  to 
the  question  of  quantity  production.  I  feel  safe  in  say- 
ing that  the  Ford  sedan  body,  or  any  other  similar  body 
that  is  made  in  similar  quantities,  is  made  more  accu- 
rately than  a  body  for  the  highest-priced  chassis  that 
ever  was  built.  That  is  only  possible  through  quantity 
production  when  the  cost  of  jigs,  tools,  fixtures,  dies, 
forms  and  the  like  can  be  spread  over  a  large  quantity. 
The  cost  will  take  care  of  itself  when  the  quantity  is 
specified ;  operations  can  be  made  more  simply  and  more 
cheaply  by  increasing  the  equipment  for  performing 
them,  but  Mr.  Williams  at  least  has  suggested  things 
that  might  be  done.  We  ought  to  consider  the  body 
purely  from  the  standpoint  of  design,  from  the  stand- 
point of  what  each  particular  part  of  the  body  does,  and 
what  its  function  is.  Decrease  the  number  of  joints,  use 
a  higher  grade  of  lumber,  perhaps,  with  lighter  sections; 
in  general,  study  body-construction  purely  from  the 
standpoint  of  the  functioning  of  each  individual  piece 
that  goes  into  the  structure. 


THE  HARDWOOD-LUMBER  NEEDLESS  WASTE 


BY  FREDERICK  P.  MURRAY 


THE  production  of  hardwood  lumber  has  not  kept 
pace  with  factory  development,  particularly  that 
which  has  taken  place  in  the  automotive  field.  Some 
persons  maintain  that  lumber  is  not  susceptible  to 
"development";  but  all  sorts  and  conditions  of  hard- 
wood lumber  are  produced  from  the  same  tree  and  only 
a  part  is  suitable  for  automotive  construction.  Some 
portions  of  the  tree  are  far  more  suitable  for  furniture 
manufacture,  while  others  are  peculiarly  adapted  for 
use  in  parquetry  and  in  building  trim.  Development, 
therefore,  consists  of  properly  differentiating  the  vari- 
ous kinds  of  material   that   come  from   the   hardwood 


log  so  that  the  various  industries  may  have  at  their 
disposal  boards  that  have  been  properly  classified.  As 
the  present  system  of  grading  has  been  in  effect  sub- 
stantially without  change  for  over  a  quarter  of  a  cen- 
tury, years  before  the  automobile  came  into  general 
use,  the  grades  originally  established  have  little  bear- 
ing upon  automotive  utility.  Revised  specifications  for 
grading  that  would  determine  the  major  requirements, 
which  in  themselves  include  the  secondary  require- 
ments, would  on  the  whole  obviate  much  of  the  waste 
that  occurs  under  the  present  method. 

Designating  the  grade  in  terms  of  the  cut-up  value 
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would  provide  a  real  and  much  needed  simplifica- 
tion and  avoid  many  existing  inconsistencies.  It  would 
tend  to  discourage  manipulation,  the  substitution  of 
inferior  grades  and  other  irregular  practices,  that 
though  reasonably  infrequent  are  detrimental  to  the 
industry.  Hardwood  standardization  is  a  component 
part  of  a  general  movement  that  involves  all  species  of 
lumber,  both  softwood  and  hardwood,  that  is  crystalliz- 
ing in  an  organization  recently  instituted  in  the  city  of 
Washington  and. known  as  the  Central  Committee  on 
Lumber  Standards.  This  committee  is  endeavoring  to 
produce  a  new  and  scientific  grading-schedule  that  by 
common  accord  will  establish  a  lasting  instrument  to  be 
entitled  the  American  Lumber  Standards.  [Printed  in 
the  January,  1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

Chairman  G.  W.  Kerr: — How  would  it  be  possible,  by 
a  change  of  the  grading  rules,  to  arrange  things  so  that 
the  body-builder  will  get  more  material  out  of  the  plank 
and  the  lumber  producer  more  money  out  of  the  log? 
The  title  of  this  paper  has  brought  the  thought  that  a 
short-cut  would  be  to  have  Mr.  Hoover  prevail  on  Con- 
gress to  pass  a  law  prohibiting  the  use  of  hardwood  lum- 
ber in  the  building  industry,  and  letting  the  furniture, 
automobile  and  agricultural  implement  industries  have 
all  the  hardwood.  These  industries  must  have  hardwood, 
but  the  building  industry  could  get  along  very  well  with- 
out it. 

The  modern  methods  of  cutting  up  lumber  are  exceed- 
ingly rapid,  so  much  so  that  although  the  rate  per  hour 
of  the  workman  and  his  earnings  per  day  are  probably 
three  times  what  they  were  a  decade  ago,  yet  the  output 
of  pieces  is  much  greater  proportionately  than  the  in- 
crease in  the  cost  of  getting  them  out.  That  fact  prob- 
ably leads  to  the  use  of  first  and  second  grades;  whereas, 
some  years  ago,  the  manufacturer  was  inclined  to  buy 
rather  more  of  the  common  grades. 

F.  F.  Murray: — When  I  was  in  Memphis  in  1922,  I 
heard  considerable  discussion  about  making  hardwood 
2  x  4-in.  lumber.  That  would  be  more  or  less  of  an  in- 
novation, backed  solely  by  the  idea  of  creating  a  better 
market  for  the  low-grade  hardwood  stock.  The  2  x  4-in. 
size  made  of  yellow  pine  will  allow  any  number  of  defects 
in  the  first  grade,  provided  the  2x4  remains  sound  and 


the  defects  do  not  detract  from  the  strength.  By  using 
a  2  x  4-in.  size  made  of  hardwood,  which  might  have 
many  knots  or  other  defects,  the  member  would  then  be 
even  stronger  than  the  2  x  4-in.  size  made  of  soft  wood. 

Hardwood  producers  are  also  looking  to  the  railroads 
for  a  greater  consumption  of  low-grade  hardwoods. 
Within  the  last  year  there  has  been  considerable  develop- 
ment in  the  use  of  gum  ties.  A  few  years  ago,  hewn 
cross-ties  of  white  oak  were  specified.  Possibly  the  only 
difficulties  with  the  gum  tie  are  that  it  must  be  treated 
within  2  weeks  from  the  time  it  is  cut,  and  that  it  should 
be  cut  when  the  sap  is  not  flowing.  By  treating  a  gum 
tie  immediately  after  it  is  cut,  the  incipient  stages  of 
decay  are  controlled  and  the  tie  has  exceptional  wearing 
qualities,  defying  mechanical  wear  and  rot.  The  wooden 
cross-ties  in  the  Pennsylvania  terminal  at  New  York 
City  are  of  gum. 

J.  S.  Burdick  : — What  position  does  texture  take  in  the 
grading  program? 

MR.  Murray  : — When  we  go  into  tabulation  in  the  auto- 
motive field,  we  shall  pay  particular  attention  to  the  tex- 
ture requirements  and,  judging  from  my  brief  experience 
in  the  factories  at  Detroit,  production  managers  and  en- 
gineers are  not  silent  on  that  subject;  so,  I  think  we  shall 
get  plenty  of  data  with  respect  to  texture. 

The  producers  are  very  anxious  to  serve  the  consumers 
in  every  possible  way  for  the  betterment  of  the  trade,  a 
reason  that  is,  in  effect,  both  philanthropic  and  selfish. 
The  differences  that  have  occurred  have  been  due  to  a 
lack  of  understanding,  and  the  data  that  this  general 
lumber  standardization  seeks  will  be  fully  as  illuminat- 
ing to  the  producers  as  to  the  consumers.  The  producers 
have  no  exact  idea  of  what  the  factory  cut-up  require- 
ments are.  Such  information  as  the  producers  have  at 
present  has  been  obtained  at  second  or  third  hand 
through  the  jobbers  or  the  wholesalers,  who  are  in  more 
or  less  direct  contact  with  the  field,  while  only  the  larger 
producers  have  facilities  to  manage  all  of  their  sales  di- 
rectly with  the  consumer.  Many  expert  salesmen  who 
are  traveling  in  the  interest  of  lumber  companies,  either 
wholesale  jobbers  or  producers,  endeavor  to  learn  w-hat 
the  particular  requirements  of  each  factory  are,  so  that 
they  can  serve  it  with  special  lumber.  That  is  doing 
what  this  movement  proposes  to  do  on  a  large  scale. 


AUTOMOBILE  FINISHING-VARNISH 


BY   L.   VALENTINE    PULSIFER 


AS  the  success  or  failure  of  the  finish  of  an  automo- 
bile depends  largely  on  the  finishing-varnish,  a  plea 
is  made  for  more  scientific  analyses  of  the  problems  of 
automobile  finishing  and  more  care  in  selecting  and 
applying  a  suitable  varnish.  The  qualities  to  be  de- 
sired in  a  finishing- varnish  are  divided  into  two  classes: 
the  shop  qualities  and  the  service  qualities.  The  shop 
qualities  include  color,  body  or  viscosity,  working,  flow- 
ing, setting,  hardening,  fulness  and  the  safety  of  work- 
ing. The  service  qualities,  or  those  that  enable  the 
varnish  to  withstand  the  various  conditions  of  use, 
include  resistance  to  break-down  under  the  chemical 
action  of  the  actinic  rays  of  sunlight,  to  the  destructive 
action  of  moisture  and  the  alkalis  in  mud  and  soap,  to 
expansion  and  contraction,  to  vibration  and  to  abra- 
sion. The  three  most  important  factors  in  estimating 
the  service-giving  qualities  of  varnish  are  said  to  be 
elasticity,  moisture-resistance  and  the  film  factor. 
Each  of  the  various  terms  mentioned  is  carefully  de- 
fined, analyzed  and  explained.  Among  the  constants 
that    must    be    determined,    either    for    checking    uni- 


formity or  for  use  as  bases  of  tests,  are  the  non-vola- 
tile content,  which  is  the  starting-point  in  the  test  for 
elasticity  and  in  computing  the  film  factor  or  thickness 
of  the  dried  film;  the  ash,  the  flash-point,  and  the 
acid  number.  An  empirical  formula  is  derived  by  which 
the  thickness  of  the  dried  film  can  be  estimated  with 
accuracy;  and  in  a  series  of  appendixes  the  details  are 
given  concerning  tests  for  the  drying,  the  safety  of 
working,  non-volatile  content,  ash,  flash-point  and  acid 
number;  the  Kauri  reduction  test;  and  tests  for  mois- 
ture and  alkali  resistance.  [Printed  in  the  January, 
1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

S.  G.  Tilden  : — Are  any  of  the  many  body  polishes  on 
the  market,  either  wax  preparations  or  otherwise,  worth 
considering? 

L.  V.  Pulsifer:— So  far  as  adding  life  to  the  varnish 
which  many  of  these  things  claim  to  do,  you  may  be  sure 
they  do  not.     In  many  cases,  when  they  contain  abrasive 
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or  some  dry-washing  material,  as  they  frequently  do, 
with  the  idea  of  avoiding  the  washing  of  automobiles 
with  water,  they  are  destructive,  because  the  operations, 
both  of  putting  on  and  of  washing  off  the  polish,  fill  the 
surface  with  scratches  that  tend  to  break  what  we  might 
call  the  selvage  edge  of  the  varnish.  The  varnish  on  old 
paint  that  has  become  dull  can  be  increased  in  brilliancy 
by  waxing,  but  it  is  no  longer  a  varnish  job;  it  is  a  wax 
job  and,  when  it  is  done  over,  there  is  trouble.  You  can 
rub  the  -varnish  down  and  finish  it  but,  if  it  has  been 
waxed,  to  make  the  new  finish  adhere  you  must  take  the 
surface  off  and  get  down  to  the  base. 

Chairman  G.  W.  Kerr: — What  influence  has  moisture 
in  the  varnish-room  on  drying? 

Mr.  Pulsifer: — The  drying  of  varnish  is,  of  course, 
of  a  chemical  nature.  It  is  the  chemical  absorption  of 
oxygen  by  a  component  of  the  varnish.  A  certain  per- 
centage of  moisture,  which  varies  with  the  temperature, 
will  assist  in  the  drying  and  is  desirable  to  prevent  the 
varnish  from  setting  too  rapidly.  If  there  were  no  mois- 
ture, the  thinner  or  the  solvent  in  the  varnish  would  be 
so  great  that  the  varnish  would  not  set.  On  the  other 
hand,  it  is  possible  to  have  too  much  moisture  in  the 
varnish-room,  and  I  have  known  of  cases  where  the  cool- 
ing of  the  film  condensed  specks  of  moisture  on  the  dry- 
ing finish  and  caused  pitting  of  the  enamel. 

Chairman  Kerr: — What  is  the  percentage? 

Mr.  Pulsifer: — That  depends  on  very  many  factors. 
As  a  rule,  a  difference  of  about  20  deg.  between  the  wet 
and  dry-bulb  temperatures  is  desirable.  If  the  tempera- 
ture is  as  high  as  120  deg.  fahr.  with  forced-drying  sys- 
tems, the  wet-bulb  temperature  should  be  around  80  or  90 
deg.  fahr. 

F.  E.  McCleary: — Has  much  work  been  done  with 
violet  rays  as  a  substitute  for  sunlight?  Is  there  any  use 
in  working  with  them? 

Mr.  Pulsifer:- — The  violet  ray  is  produced  by  a  form 
of  lamp  that  is  supposed  to  give  off  the  maximum  number 
of  actinic  rays  that  there  is  in  sunlight.  An  attempt  has 
been  made  to  expose  films  to  the  action  of  violet  rays  and 
then  to  stretch  the  films  by  an  apparatus  arranged  to  give 
a  uniform  pull.  The  method  thus  far  has  been  experi- 
mental. It  has  not  been  so  successful  as  the  Kauri  re- 
duction test  and  is  much  more  complicated  to  make. 

In  the  second  place,  the  ratio  between  the  time  of  ac- 
tion of  the  violet  ray  and  the  stretch  that  the  varnish 
should  show  under  a  given  test  has  not  been  established. 
The  violet  ray  is  used  for  the  purpose  of  determining  the 
permanent  character  of  pigments,  and  for  testing  pig- 
ments that  are  to  be  used  on  inside-wall  paints.  An  at- 
tempt has  been  made  to  use  it  on  deteriorating  varnish. 
Thus  far  the  number  of  variables  and  the  time  neces- 
sary for  carrying  out  the  work  have  prohibited  its  use  to 
any  great  extent. 

Herbert  Chase: — Is  it  feasible  to  secure  a  durable 
finish  that  is  not  lustrous,  one  without  a  high  polish? 

Mr.  Pulsifer: — There  are  two  ways  in  current  use  for 
producing  a  durable  finish  that  is  not  lustrous.  One  is 
the  use  of  material  similar  to  oil  paint,  containing  so 
much  pigment  that  no  luster  is  apparent  on  drying;  in 
other  words,  the  particles  of  the  pigment  stick  up  to 
such  an  extent  that  there  is  no  shine.  Another  way  is  to 
rub  down  a  varnish,  such  as  a  chassis  varnish,  to  a  dull 
finish,  after  it  has  dried  for  4  or  5  days.  An  attempt  has 
been  made  to  produce  a  varnish  that  would  dry  flat,  but 
no  varnish  of  this  kind  has  shown  durability;  in  other 
words,  the  material  that  must  be  added  to  the  varnish  to 
cause  it  to  dry  flat,  destroys  the  life  of  the  varnish  and 
the  varnish  can  be  used  only  on  cheap  interior  work. 


Rubbing  the  varnish  down  produces  the  better  appear- 
ance of  the  two  perhaps,  but  opinions  differ  as  to  that. 

MR.  Chase: — Is  the  rubbed-down  varnish  durable? 

Mr.  Pulsifer:— Yes,  if  the  right  kind  of  material  is 
used.  It  frequently  is  not  durable  for  the  reason  that  an 
attempt  is  sometimes  made  to  add  enough  rubbing-var- 
nish to  an  ordinary  body-varnish  so  that  it  can  be  used 
as  a  finishing  coat.  Rubbing-varnish  has  a  much 
shorter  life  than  finishing-varnish  and  adding  1  qt.  of 
rubbing-varnish  to  3  qt.  of  finishing  varnish  will  reduce 
the  life  of  the  finish  one-third.  By  using  a  material  such 
as  a  chassis  varnish,  which  dries  so  hard  that  two  coats 
are  required  to  get  an  adequate  thickness,  the  work  will 
last  as  long  as  if  it  were  left  bright.  The  durability  is 
reduced  by  the  amount  that  is  rubbed  off,  and  by  the 
scratching  of  the  film ;  but  it  is  possible  to  get  a  satisfac- 
tory finish  by  that  method,  if  the  material  is  right. 

Mr.  McCleary  : — Nothing  has  been  said  with  refer- 
ence to  the  hardness  of  the  finish,  which  is  a  thing  we  are 
all  interested  in.  Would  the  hardness  affect  the  elas- 
ticity, or  can  that  be  obviated? 

Mr.  Pulsifer: — The  hardness  of  varnish  is  difficult 
to  define.  In  the  first  place,  a  rubbing-varnish,  as  a  rule, 
dries  harder  than  a  finishing-varnish,  yet  a  rubbing- 
varnish  is  much  more  susceptible  to  abrasion.  It  is 
toughness  that  enables  the  varnish  to  resist  abrasion. 
Frequently,  a  varnish  that  is  called  soft  in  drying  will 
be  the  best,  for  the  reason  that  it  has  this  quality  of 
toughness,  which  prevents  the  abrasive  material  from 
taking  hold.  It  is  toughness  rather  than  hardness  that 
prevents  the  rubbing  that  it  gets  while  being  washed 
from  cutting  the  film.  Hardness,  of  course,  is  abso- 
lutely the  determining  factor  in  many  cases,  when  a 
certain  production  schedule  is  to  be  maintained  and  the 
body  must  be  dry  enough  so  that  it  can  be  hung  at  a 
certain  time.  The  determining  factor  is  the  kind  of 
material  that  is  used,  but  if  the  results  that  are  ob- 
tained from  a  varnish  that  dries  too  fast  and  too  hard 
were  better  understood,  perhaps  more  time  would  be 
allowed  for  the  final  application,  and  the  day  or  two 
extra  that  would  be  required  could  be  saved  somewhere 
else  along  the  line  without  slowing  up  the  production 
speed.  Any  system  that  results  in  allowing  more  time 
for  the  application  of  the  varnish  will  double  the  dura- 
bility, if  correctly  used. 

A  method  has  been  devised  for  testing  the  hardness 
of  varnish  by  finding  which  one  of  a  series  of  pencils, 
such  as  are  made  by  the  pencil  companies,  varying  from 
20  to  30  deg.  in  hardness  and  sharpened  to  a  chisel 
point,  will  cut  through  a  varnish-film  that  has  been  dried 
under  certain  conditions  on  certain  metals.  This  is  con- 
sidered a  measure  of  the  hardness.  It  is  a  question  in 
my  mind  which  is  the  thing  that  counts,  toughness  or 
hardness.  It  is  the  toughness  rather  than  the  hardness, 
provided  the  varnish  dries  hard  enough  so  that  things 
will  not  stick  to  it.    That  is  about  the  only  requirement. 

N.  G.  Shidle: — In  the  durability-rating  chart,  the 
varnish  D  is  about  six  times  that  of  varnish  A  in  total 
points.  Would  the  relative  price  of  those  two  varnishes 
be  6  to  1? 

Mr.  Pulsifer: — It  probably  would  be  2  to  1. 

Mr.  Shidle: — I  notice  the  relation  between  the  totals 
is  6  to  1,  and  you  say  that  the  resistance  to  exposure 
conditions  is  proportionate  to  the  elasticity.  That  would 
make  varnish  D,  16  to  1. 

Mr.  Pulsifer: — These  two  varnishes  show  two  elas- 
ticities; one  is  extremely  thin  and  extremely  non- 
resistant  to  abrasives,  while  the  other  is  extremely  re- 
sistant to  those  abrasives.    Other  things  being  equal,  the 
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elasticity  would  determine  the  durability.  In  this  par- 
ticular case  there  would  be  a  wide  range  of  resistance 
to  moisture,  which  is  the  chief  difference.  The  value  of 
the  moisture  factor  is  complicated,  and  would  vary  in 
different  climates. 

Chairman  Kerr: — What  is  the  cause  of  rusting  under 
the  varnish  coat? 

Mr.  Pulsifer: — If  an  automobile  is  painted  properly, 
the  coating,  barring  accidents  such  as  cutting  through, 
is  about  as  tough  as  can  be  imagined.  The  pigment  is 
very  dense  to  the  penetration  of  moisture,  which  means 
that  if  the  finish  is  destroyed  by  rust  from  below,  the 
rust  must  have  been  there  in  an  incipient  state  before 
the  primer  was  applied;  and  it  is  not  always  easy  to 
determine  whether  the  body  is  absolutely  free  of  rust. 
Various  methods  for  eliminating  the  possibility  of  rust 
on  the  surface  have  been  devised,  but  the  best  of  them 
will  fail  occasionally.  This  point  cannot  be  attended  to 
too  carefully. 


Allen  Kendall: — In  the  tests  for  turning  varnish 
white,  would  there  be  the  same  action  with  salt  water 
as  with  fresh  water? 

Mr.  Pulsifer: — Salt  water,  as  a  rule,  is  not  so  severe 
as  is  fresh  water  in  turning  varnish  white.  That  is  a 
thing  not  commonly  understood.  The  water  that  will 
turn  varnish  white  most  rapidly  is  distilled  water,  which 
contains  no  alkali  whatever.  In  an  alkaline  action,  the 
alkali  in  the  water  will  assist  in  breaking  down  the  film. 
I  suppose  the  idea  came  originally  from  the  fact  that 
vessels  on  the  seacoast  lose  their  varnish  very  readily, 
but  that  is  on  account  of  exposure  rather  than  sea  water. 
As  a  matter  of  fact,  the  water  that  causes  the  most 
damage  to  vessels  is  not  seawater,  but  dew  and  fog, 
which  consist,  of  course,  of  practically  pure  water.  It  is 
a  bad  thing  to  get  salt  on  the  deck  and  walk  on  it.  The 
salt  acts  like  any  other  abrasive.  Salt  water,  by  itself, 
has  less  effect  on  practically  any  grade  of  varnish  than 
has  pure  rain  water. 


LAWS  GOVERNING  GASEOUS  DETONATION 

BY    THOMAS    MIDGLEY,    JR.,    AND    ROBERT    JANEWAY 


THE  authors  present  in  this  paper  an  explanation 
of  gaseous  detonation  based  upon  what  are  con- 
sidered incontrovertible  laws,  and  show  by  the  func- 
tioning of  these  well  understood  natural  laws  that  gas- 
eous detonation  is  a  phenomenon  that  does  not  require 
any  hypothetical  assumptions  to  account  for  its  exist- 
ence. 

The  physical  conditions  that  must  exist  within  an 
inclosed  container  when  it  is  filled  with  an  explosive 
mixture  of  gases  and  these  gases  are  ignited  are  stated 
and  analyzed  mathematically,  and  an  application  of 
this  analysis  is  made  to  the  internal-combustion  engine. 
The  apparatus  and  the  procedure  are  described,  inclu- 
sive of  photographs  and  charts,  and  it  is  shown  how 
the  formulas  can  be  applied  (a),  for  constant  throttle 
and  varying  the  temperature  of  the  entering  charge 
and  (6),  for  constant  temperature  and  varying  the 
throttle  opening  and  the  compression-ratio.  The  results 
are  illustrated  and  discussed  in  some  detail. 

Appendix  1  refers  to  the  basic  equations  in  the 
paper  and  has  as  its  object  the  combination  of  these 
equations 

Pl  —  PJ  =  W2/g  (Vi  —  VJ 

into  a  single  fundamental  expression  containing  Pi  and 
P:  as  the  only  variables. 

Appendix  2  is  a  mathematical  determination  of  the 
critical  pressure  of  detonation.  [Printed  in  the  April, 
1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

Chairman  H.  L.  Horning: — With  respect  to  Mr. 
Midgley's  equations,  remember  that  we  have  K,  the  co- 
efficient of  chemical  reaction;  times  D,  the  density  of 
the  charge;  times  T,  the  absolute  temperature;  and  that 
these  are  the  three  fundamental  factors. 

P.  S.  Tice:— Will  Mr.  Midgley  explain  Fig.  8  in  further 
detail? 

Thomas  Midgley.  Jr.: — Fig.  8  shows  the  change  in 
pressure  with  the  variation  of  temperature.  The  slop- 
ing lines  show  the  critical  pressure  at  which  detonation 
takes  place,  as  the  temperature  is  increased.  Thus,  as 
the  temperature  is  increased  from  say  85  to  100  deg. 
fahr.,  P,  the  critical  pressure  at  which  detonation  takes 
place,  drops  from  around  220  to  198.  At  the  same  time, 
when  we  heat  the  manifold,  we  do  not  get  any  such  drop- 
off of  maximum  pressure,  because  the  drop-off  of  maxi- 


mum pressure  is  only  due  to  the  slight  reduction  of  vol- 
umetric efficiency. 

A  Member: — In  connection  with  Fig.  8,  what  fuels 
were  you  using?  What  was  the  tendency  of  the  fuel  to 
detonate  as  the  specific  gravity  drops  or  as  it  increases? 

Mr.  Midgley: — We  used  only  one  fuel.  A  complete 
description  of  the  fuel  is  given  in  Fig.  12.  It  was  a 
kerosene.  The  temperature  of  72.2  deg.  fahr.  for  critical 
dissolution  with  aniline  proves  the  fuel  to  have  been  of 
pure  paraffin  constitution.  No  comparisons  have  yet 
been  made  between  two  different  fuels. 

A  Member: — If  crude  oils  of  28  to  38  deg.  Baume 
are  used  as  engine  fuels,  at  what  values  will  detonation 
occur? 

Mr.  Midgley: — That  is  one  of  the  next  steps  in  this 
work;  also,  to  find  out  just  what  the  anti-knock  material 
added  to  a  fuel  affects. 

A  Member: — The  equations  relating  to  detonation  de- 
veloped by  Mr.  Midgley  relate  only  to  the  particular  en- 
gine under  consideration.  The  tendency  to  detonate 
would  depend  upon  the  relation  of  the  fuel  to  the  spark- 
plug. If  the  spark-plugs  are  located  so  that  the  distance 
of  burning  is  short,  the  time  must  be  short.  If  the  time 
is  limited,  detonation  cannot  take  place.  So,  it  is  possible 
to  increase  the  pressure  without  having  detonation  by 
keeping  that  point  always  in  mind. 

Mr.  Midgley  : — That  is  right,  within  reasonable  limits. 

E.  S.  Church  : — Regarding  detonation  tube-experi- 
ments, the  statement  was  made  that  the  explosion  ends 
up  with  a  loud  bang.  Suppose  the  end  of  the  tube  was 
closed  and  the  noise  shut  off  from  the  end  where  the 
ignition  started,  would  any  noise  have  been  perceptible 
to  a  person  in  the  chamber  where  that  end  of  the  tube 
was  located? 

Mr.  Midgley: — That  has  not  been  demonstrated  ex- 
perimentally, but  everything  we  know  about  force  indi- 
cates that  the  end  of  the  tube  would  be  distorted  by 
having  the  high  pressure  hit  it  suddenly. 

Mr.  Church: — Then  the  speed  of  the  detonation 
wave,  somewhat  approaching  that  of  the  sound  wave, 
when  striking  the  walls  of  the  chamber,  would  have  the 
effect  of  setting  them  into  vibration;  it  would  not  be 
caused  by  the  knock. 

Mr.  Midgley: — With  an  open  tube,  the  sound  is  simply 
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a  continuation.  However,  where  we  have  something  like 
a  heavy  iron  wall  to  penetrate,  the  natural  thing  is  to 
expect  that  it  will  be  the  distortion  of  the  wall  that  will 
produce  the  sound,  rather  than  that  the  actual  sound 
will  be  transmitted.  Consequently,  the  sound  and  the 
nature  of  the  sound  depend  very  largely  upon  the  shape 
of  the  chamber  that  it  strikes. 

Mr.  Church  : — In  Fig.  4,  the  waves  of  compression, 
traveling  horizontally  across  that  space,  would  produce 
an  excessive  pressure  upon  one  side  of  the  piston  and  not 
on  the  other.  That  might  have  several  effects.  It  might 
have  the  effect  of  distorting  the  piston;  it  might  have  the 
appearance  of  producing  a  side  slap  on  the  piston.  Now, 
if  the  location  reduces  the  tendency  to  produce  the  ill 
effects  of  detonation,  is  not  the  ill  effect  of  detonation 
due  to  that  eccentric  loading  more  than  to  any  innate 
pressure? 

Mr.  Midgley: — No.  Of  course,  the  mechanical  effects 
of  detonation  are  influenced  largely  by  where  the  detona- 
tion-wave strikes.  A  good  heavy  engine-construction 
will  withstand  considerable  punishment  without  showing 
any  noticeably  ill  effects.  During  the  intense-luminosity 
period,  there  is  an  enormous  amount  of  energy  radiated 
as  heat.  I  measured  how  much  heat  was  radiated  and 
how  long  it  took.  If  that  radiation  were  held  constant  for 
1  sec,  the  top  of  the  engine  would  melt.  This  loss  is  oc- 
curring right  at  the  top  of  the  stroke,  when  all  the  heat 
one  can  get  is  needed  for  the  expansion  stroke ;  conse- 
quently, this  radiation  loss,  due  to  detonation,  means  a 
decided  loss  of  both  power  and  economy. 

Allen  Kendall: — Your  formula  indicates  that  detona- 
tion takes  place  after  a  certain  pressure.  The  statement 
was  made  that  detonation  is  a  matter  of  time.  The  pres- 
sure should  rise  to  a  certain  point,  regardless  of  the  shape 
of  the  cylinder  and  regardless  of  the  length  of  the  flame. 
We  do  not  get  the  same  audible  indications  in  the  two 
cases. 

Mr.  Midgley  : — The  only  explanation  is  that  the  critical 
pressure  is  reached  before  the  velocity  of  the  flame  in- 
creases. Before  the  high  pressure  of  detonation  can  be 
attained,  the  gas  in  this  wave  must  become  dense ;  but, 
before  that  gas  can  be  crowded  into  that  amount  of  space, 
the  flame  has  to  move  an  appreciable  distance.  The 
point  at  which  detonation  is  set  up  is  very  sharp  and, 
at  that  point,  the  flame  suddenly  jumps  to  a  high  velocity. 
Then  the  distance  factor  is  involved.  It  has  nothing  to 
do  with  the  equations  themselves. 

A.  D.  Reese: — In  the  expression  for  W,  was  the  value 
for  K  determined  experimentally;  if  so,  was  it  deter- 
mined at  high  pressures? 

Mr.  Midgley: — It  has  a  meaning  only  if  you  accept 
this  theory  of  the  mechanism  of  detonation.  The  actual 
results  obtained  were  used  to  determine  the  constants 
and  the  exponents.  You  can  extrapolate  from  those  if 
the  theory  of  the  mechanism  is  correct. 

S.  G.  Tilden: — Does  the  addition  of  an  anti-knock 
compound  postpone  that  point  where  the  curve  shoots  up 
to  the  speed  of  sound  or  absolutely  do  away  with  it  ? 

Mr.  Midgley: — It  postpones  the  effect.  How  much  it 
is  postponed  depends  upon  the  quantity  of  anti-knock 
material  used. 

Dr.  H.  C.  Dickinson: — In  reference  to  the  effect  of 
cylinder  size  and  to  distance  of  flame  travel,  will  Mr. 
Midgley  state,  in  the  case  of  an  explosion  started  in  a 
tube  2  ft.  long  and  another  explosion  started  in  a  tube 
1  ft.  long,  whether  detonation  in  the  two  cases  would 
occur  at  approximately  the  same  relative  position  in  the 
tube?  In  other  words,  are  the  shape  and  size  factors 
taken  care  of  by  the  equation  in  that  way  or  not? 


Mr.  Midgley: — With  regard  to  the  tube  experiments, 
if  the  length  of  the  tube  is  increased,  the  tendency  for 
it  to  detonate  is  increased  because  there  is  a  longer 
column  of  gas  to  be  moved.  In  tube  experiments,  we 
have  found  that  we  might  have  a  tube  4  ft.  long  and  no 
detonation;  if  we  add  6  in.  to  the  length  of  the  tube, 
detonation  will  start  at  3  ft.  because  of  the  added  6-in. 
column  of  air  and  the  increased  inertia. 

Dr.  Dickinson: — I  refer  to  the  experiments  with  the 
closed  tube. 

Mr.  Midgley  : — I  do  not  know.  According  to  the  equa- 
tion, detonation  should  occur  at  the  same  pressure,  pro- 
vided the  same  heat  influences  are  present.  At  the  point 
where  detonation  starts,  however,  the  high  pressure  has 
not  as  yet,  necessarily,  been  generated;  a  certain  amount 
of  shoving  is  necessary  to  compress  the  gas  into  the 
wave  area.  It  probably  takes  a  little  distance  to  build 
that  up.    It  might  vary  with  the  different  sizes  of  bombs. 

0.  C.  Berry: — If,  in  a  cylinder,  the  flame  starts  from 
a  certain  point  and  a  flame-cap  passes  through  the  gase- 
ous mixture,  the  temperature  ahead  of  the  flame-cap 
probably  will  be  considerably  below  the  burning  tempera- 
ture of  the  gas,  and  the  temperature  in  the  flame-cap 
will  be  very  much  above  the  burning  temperature.  Be- 
fore this  gas  ahead  of  the  flame-cap  can  burn,  it  must 
at  least  come  up  to  the  kindling  temperature.  Its  ability 
to  do  that  amount  of  work  will  depend  upon  how  much 
energy  it  has  to  do  that  work  with.  We  are  told  that 
there  is  a  pressure-wave  ahead  of  this  flame-cap  and, 
if  that  pressure-wave  gets  to  be  very  high,  we  can  see 
that  the  temperature  in  that  pressure-wave  will  be 
raised,  due  to  the  heat  of  adiabatic  compression.  Has 
the  problem  been  analyzed  from  the  angle  of  associating 
the  point  at  which  the  high  rate  of  flame  propagation 
sets  in  with  the  point  where  the  temperature  of  this 
adiabatic  compression  gets  up  above  that  unstable  con- 
dition in  the  temperature  of  the  gases  themselves? 

Mr.  Midgley  : — There  is  no  relation  between  that  pres- 
sure and  the  auto-ignition  point  of  the  fuel.  The  auto- 
ignition  point  of  the  fuel  is  the  temperature  really  neces- 
sary to  cause  the  combination  of  oxygen  and  hydro- 
carbon with  an  instigator,  with  something  right  adjacent 
to  it  or  corresponding  to  a  point  of  the  flame-front  itself. 
The  point  at  which  the  mixture  becomes  unstable  instead 
of  metastable  is  very  much  higher. 

Mr.  Berry  also  raises  a  question  regarding  the  mecha- 
nism by  which  flame  propagation  is  obtained.  He  brings 
up  the  fact  that,  in  order  for  the  next  row  of  molecules 
to  be  affected,  a  certain  amount  of  energy  had  to  be 
given  up  by  this  flame-front.  We  feel  we  have  some 
superficial  evidence  at  least  that  the  thing  that  deter- 
mines the  reaction  velocity  is  how  fast  these  molecules 
are  breaking  down,  and  not  how  fast  they  are  combining 
with  oxygen. 

W.  S.  James: — Prof.  F.  W.  Stevens  has  been  working 
at  the  Bureau  of  Standards  on  the  flame  velocities  in 
gases,  using  two  methods  that  are  entirely  independent. 
The  results  so  far  substantiate,  in  general,  what  Mr. 
Midgley  has  said.  One  of  the  methods  used  is  known 
as  the  Bunsen-Guoy  method.  In  this  method  the  shape 
of  the  inner  cone  of  a  special  bunsen  burner  is  recorded 
photographically.  When  the  entrance-gas  velocity  is 
known,  the  velocity  at  the  surface  of  the  cone,  where  the 
reaction  is  taking  place,  can  he  computed.  At  this  sur- 
face, the  gas  velocity  is  equal  to  the  flame  velocity.  In 
addition  to  this  method,  he  has  devised  what  he  calls 
a  constant-pressure  bomb.  That  is  nothing  more  or  less 
than  a  soap  bubble  filled  with  explosive  mixture  of  known 
proportions  and   fired   from  the   center.     The  explosion 
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within  the  bubble  is  then  photographed  on  a  rotating 
film  through  a  narrow  slit.  The  outside  of  the  original 
bubble  is  shown  on  the  film  for  comparison  with  the 
final  size.  These  two  methods  are  entirely  independent; 
but,  in  general,  the  results  have  been  of  a  nature  that 
confirms  exactly  what  Mr.  Midgley  has  said  concerning 
the  velocity  rate  when  plotted  against  what  might  be 
termed  the  mixture-ratio. 

L.  H.  Pomeroy: — With  respect  to  deposits  on  the  out- 


side of  cylinders,  I  have  attempted  recently  to  measure 
the  deposit  on  an  aluminum  water-cooled  cylinder  after 
15,000  miles.  Although  small  patches  of  scale  a  few 
thousandths  of  an  inch  in  thickness  could  be  observed 
here  and  there,  in  general,  the  slightest  scratch  with  a 
knife  blade  revealed  bright  metal.  As  a  non-conducting 
medium,  I  would  lay  odds  on  the  deposit  of  oil  mist,  dust 
and  decomposed  flora?  and  fauna?  on  the  fins  of  an  air- 
cooled  engine  after  the  same  mileage. 


AN  EXPERIMENTAL  SURVEY  OF  GASOLINE  AND 

KEROSENE  CARBURETION 


BY   C.    S.    KEGERREIS    AND   G.    A.   YOUNG 


REALIZING  that  great  quantities  of  fuel  are  being  wasted 
yearly  by  improper  carburetion,  the  results  of  several 
investigations  are  assembled  and  considered  from  various 
viewpoints.  Some  pertinent  data  have  been  published  pre- 
viously; therefore,  only  a  general  discussion  of  gasoline  car- 
buretion requirements  is  presented  in  this  paper.  The  scope 
of  the  paper  is  too  broad  to  include  a  detailed  discussion  of 
any  one  subject.  However,  the  data  have  been  compiled  to 
allow  the  graphs  to  explain  many  points  that  could  not 
otherwise  be  touched. 

The  kerosene  research  is  particularly  valuable,  not  so  much 
in  outlining  the  requirements  for  burning  kerosene  as  an 
automotive  fuel  exclusively,  but  for  the  carburetion  require- 
ments necessary  in  using  our  future  petroleum  fuels  satis- 
factorily. Supposing  that  the  future  fuel  will  embody  hydro- 
carbons boiling  up  to  550  deg.  fahr.  as  a  limit  and  containing 
sufficient  volatile  fractions  to  allow  engine  starting  even  in 
cold  weather,  the  authors  feel  that  kerosene  will  lie  within 
the  limits  of  efficient  carburetion. 

In  addition  to  the  ideal  requirements,  data  are  shown  to 
prove  the  reasons  for  the  present  wastage  of  fuel.  This  is 
illustrated  by  the  metering  characteristics  and  allied  data 
obtained  from  a  few  commercial  carbureters,  the  data  being 
used  merely  as  a  comparison  with  the  ideal  requirements. 
The  change  of  temperature  of  fuel  and  air  causes  a  change  in 
the  metering  characteristics  and  the  metering  is  not  as  de- 
sired. In  addition,  there  are  the  temperature  requirements 
of  fuels  that  must  be  recognized,  thus  making  the  problem  of 
carburetion  truly  complex.  [Printed   in  the  January, 

1923,  issue  of  The  Journal.] 

THE  DISCUSSION 
P.  S.  Tice: — There  are  several  outstanding  points  re- 
garding which  my  data  differ  considerably  from  those  of 
Mr.  Kegerreis.  If  we  compare  gasoline  and  kerosene 
in  the  same  engine,  with  equal  charge  temperatures  and 
substantially  no  fuel  liquid  on  the  manifold  wall  in  either 
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case,  the  mean-effective  pressures  and  the  thermal  effi- 
ciencies are  found  to  be  almost  exactly  equal,  with  a 
slightly  less  exhaust-heat  loss  and  proportionately  greater 
loss  in  the  jacket  for  the  kerosene,  if  there  is  no  detona- 
tion. This  statement  is  substantiated  by  work  with  four 
different  engines  in  which  the  work  was  done  very  care- 
fully and  thoroughly.  If  we  continue  this  direct  experi- 
mental comparison  of  the  two  fuels,  the  mixture-ratios 
for  maximum  power  and  for  maximum  thermal  efficiency 
seem  to  differ  only  as  the  calorific  values  differ;  that  is, 
the  kerosene  mixture  is  slightly  leaner  than  the  gaso- 
line mixture. 

I  find  that  the  maximum  efficiency  is  not  obtained  at 
the  lower  limit  of  regular  inflammability,  as  stated  by 
Mr.  Kegerreis.  It  seems  that  he  must  have  arrived  at 
this  conclusion  as  a  result  of  the  natural  limitations  of 
his  method  of  preparing  the  charge,  since  his  limits 
throughout  represent  more  fuel  in  the  charge  than  the 
proportions  found  to  give  maximum  efficiency.  The 
characteristic  graphs,  Figs.  40  to  43,  show  what  I  mean. 

In  Fig.  40,  we  have  a  plot  of  brake  specific  fuel-con- 
sumption against  brake  mean-effective  pressure,  cover- 
ing the  whole  load  range  at  a  constant  speed.  Each  one 
of  this  family  of  curves  represents  a  constant  manifold- 
pressure  and,  therefore,  a  substantially  constant  amount 
of  air  pumped  by  the  engine.  In  each  curve,  the  right- 
hand  end  represents  the  richest  mixture  that  was  used, 
and  the  left-hand  end  the  leanest  mixture  that  would 
fire  regularly.  No  attempt  was  made  to  define  the  regu- 
lar combustion  limit  on  the  rich  end,  although  it  was 
accurately  defined  at  the  lean  end.  Obviously,  the  en- 
velope curve,  shown  dotted  in  Fig.  40,  represents  at  any 
output  the  minimum  possible  specific  fuel-consumption 
under  the  conditions  of  the  runs.  The  point  I  want  to 
make  is  that  the  mixture  values  at  the  lower  limit  of 
inflammability  for  regular  engine  operation  are  widely 
spaced  from  those  giving  optimum  economy.  My  work 
shows  fairly  consistently,  with  either  gasoline  or  kero- 
sene, that  the  lower  limit  of  regular  inflammability  is 
about  0.0445  according  to  Mr.  Kegerreis'  method  of  stat- 
ing mixture  proportions;  that  is,  about  22.5  to  1,  the 
way  the  rest  of  us  state  it. 

Experimental  examination  of  a  considerable  number 
of  engines  shows  that  the  relationships  between  optimum 
mixture  proportions  and  relative  load  are  independent 
of  the  engine  speed  in  well  designed  engines  in  which 
the  valve-timings  are  not  too  much  distorted  from  best 
values  at  either  end  of  the  speed  range.  A  plot  of  sub- 
stantially the  most  economical  air-fuel  ratio  values  for 
a  typical  car  engine  is  shown  in  Fig.  41. 

As  is  well  known,  mixture  strengths  resulting  in  least 
specific  fuel-consumption   do   not   deliver  the   maximum 


Vol.   XII 


May,   1923 


No.   5 


DISCUSSION  OF  ANNUAL  MEETING  PAPERS 


4,61 


power  at  open  throttle.  At  the  same  time,  there  is  no 
object  in  running  with  maximum-power  mixtures  when 
maximum  power  is  not  demanded;  that  is,  optimum 
metering  characteristics  in  a  carbureter  will  maintain 
the  minimum-consumption  mixture-proportion  through- 
out the  greater  part  of  the  load  range,  and  will  enrich 
the  mixture  to  cause  maximum  power  delivery  as  full  load 
is  closely  approached.  This  desired  change  in  the  air- 
fuel  ratio  is  shown  by  the  dotted  curve  at  the  full-load 
end  of  Fig.  41. 

It  is  interesting  to  combine  the  level-road  engine-load 
versus  car-speed  curve  as  in  Fig.  42,  with  the  optimum 
air-fuel  ratio  versus  relative-load  curve,  as  in  Fig.  41. 
For  several  reasons,  the  "relative"  load  is,  in  car  opera- 
tion, slightly  less  at  some  speed  higher  than  the  mini- 
mum or  idling  speed  of  the  car.  Combining  these  curves 
gives  the  optimum  air-fuel  ratio  versus  level-road  car- 
speed  curve  having  the  characteristic  shape  shown  in 
Fig.  43. 

C.  S.  Kegerreis: — In  regard  to  the  mixture-ratios  re- 
quired for  maximum  thermal  efficiency,  Mr.  Tice  criti- 
cizes the  results  in  the  paper  based  on  the  given  power 
basis  and  then,  in  presenting  his  data,  he  discusses  the 
problem  from  the  load  or  constant-manifold-vacuum 
viewpoint.     The  two  methods  are  entirely  different  and, 
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Fig.  41 — Curve  of  Substantially  the  Most  Economical  Mixture- 
Ratio    Values    for    a    Typical    Car    Engine 

if  Mr.  Tice  will  review  the  paper,  I  think  he  will  recog- 
nize the  error  in  his  comparison. 

The  lean  limit  of  inflammability  will  vary  somewhat  in 
different  engines  and  also  with  the  method  of  hot-spot- 
ting the  manifold.  In  the  tests  that  Mr.  Tice  reports,  a 
limit  of  0.0445,  or  22.5  to  1,  is  exceptionally  lean  and 
is  rather  extraordinary  if  this  limit  is  a  constant  with 
respect  to  the  engine  load.  I  have  recorded  data  from  a 
few  engines  that  show  the  limit  as  low  as  0.0400,  or  25 
to  1,  but  the  limit  was  not  constant  for  the  load  and  is 
entirely  beyond  the  average  line  for  the  usual  engine.  It 
certainly  is  gratifying  to  find  Mr.  Tice's  data  checking 
so  closely  with  those  reported  in  the  paper  under  the 
heading  of  mixture  requirements  for  change  of  engine 
speed. 

In  developing  a  relationship  between  the  car-speed  for 
level-road  operation,  and  the  optimum  mixture-ratios,  a 
general  characteristic  curve  can  be  drawn,  but  this  curve 
will  change  for  each  individual  car.  It  is  true  that  in 
many  cars  the  idling  speed  does  require  a  higher  "rela- 
tive" load  than  some  higher  speed,  but  this  relative  load 
is  a  variable  for  different  cars  at  the  same  speed.  Thus, 
as  the  engine  load  affects  the  ideal  ratios,  the  ideal  mix- 
ture-requirements will  vary  in  value  at  the  same  speed 
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for  each  individual  car.  Given  a  certain  engine,  the  car 
weight,  the  wheel  diameter  and  the  gear  ratio  will  deter- 
mine mainly  this  relative  load  at  the  lower  level-road  car- 
speeds. 

H.  S.  McDewell: — Were  the  inlet-air  temperatures 
of  the  mixture  above  the  carbureter  taken?  The  method 
of  obtaining  reproducibility  by  an  orifice  plate  between 
the  carbureter  and  the  manifold,  while  fine  from  the 
standpoint  of  reproducibility,  does  not  give  actual  operat- 
ing carburetion  conditions  due  to  the  fact  that  there  is  an 
obstruction  in  the  system  totally  different  from  that  of 
the  usual  throttle.  As  a  result,  there  is  not  the  usual  dis- 
tortion and,  consequently,  not  the  usual  effect  on  the 
liquid  distribution;  in  fact,  there  may  be  some  reatomiz- 
ing  effect  from  the  fact  that  the  usual  creep  of  liquid 
along  the  side  walls  will  be  caught  at  the  throttle  plate 
and  may  be  reatomized  at  the  edge. 

The  so-called  carbureter-testing  plant  is  the  most  de- 
ceptive apparatus  that  ever  was  built.  It  gives  a  beauti- 
ful comparison  between  two  different  carbureters  under 
steady-flow  conditions,  but  they  are  not  engine  condi- 
tions. The  biggest  change  from  engine  conditions  is  the 
fact  that,  while  there  may  be  artificial  pulsations  in  the 
flow,  they  are  not  the  actual  reversal  of  flow  or  flow-back 
conditions  in  an  actual  engine. 

Mr.  Kegerreis: — The  inlet-air  and  the  mixture  tem- 
peratures were  taken  in  all  cases ;  some  are  presented  in 
Fig.  25  of  the  paper.  The  use  of  an  orifice  between  the 
carbureter  and  the  manifold,  with  the  throttle  removed, 


Car  Speed  on  Level  Road 

Fl0,     43— Curve    Giving    the    Relation    between    the    Optimum 
Mlkture-Ratio  and  the  Level-Road  Car-Speed  Obtained  by  Com- 
bining the  Curves  of  Figs.  41  and  42 
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probably  changes  the  conditions  somewhat.  With  the 
carbureter  used,  the  atomization  at  idling  was  probably 
not  as  fine  as  if  the  throttle  had  been  in  place.  The  big 
improvement  over  the  butterfly  throttle-operated  job  is 
that  there  is  no  feathering  of  the  charge  into  either  leg 
of  the  manifold. 

In  discussing  the  accuracy  of  the  carbureter  testing- 
plant  as  compared  to  engine  conditions,  I  think  it  can  be 
stated  that  no  one  has  ever  determined  conclusively  the 
exact  difference  between  the  two.  In  this  particular  case, 
carbureters  have  been  run  in  the  plant  and  on  the  engine. 
Comparing  the  tests,  for  example,  when  using  the  car- 
bureters whose  characteristic  curves  are  given  in  Figs. 
34  and  36,  the  same  characteristic  curve  is  obtained  on 
either  plant  and  at  nearly  the  same  flow-rates.  It  is  ab- 
solutely admitted  that  the  pulsations  in  the  two  cases 
are  not  comparable,  but  whether  the  error  is  of  an  ap- 
preciable magnitude  must  be  established  by  further  in- 
vestigation. 

E.  H.  Sherbondy: — There  are  two  things  a  carbureter 
does;  it  meters  the  fuel  and  the  air,  and  it  diffuses  the 
fuel  throughout  the  air.  So,  we  have  various  kinds  of 
choke  and  spraying  devices,  to  get  the  fuel  into  the  air. 
Two  years  ago  I  was  developing  a  powerplant  to  get  its 
utmost  performance.  We  wanted  to  get  mean-effective 
pressures  for  a  motor-car  engine  that  were  comparable 
with  those  commonly  secured  in  aircraft  engines;  we 
wanted  to  get  flexibility  and  silent  operation,  manifold 
depressions  that  would  be  similar  to  those  for  aircraft- 
engine  carbureter-operation,  since  an  aircraft  engine  is 
called  upon  to  run  at  fairly  high  speed  all  the  time.  I 
built  a  system  of  this  kind,  using  an  air-meter  and  ex- 
perimenting to  find  out  why  the  pressure  drops  were  so 
enormous,  and  why  so  much  pressure  was  lost  in  the  air 
passing  through  the  carbureter.  All  that  is  inquired  is 
to  have  a  pressure  drop  great  enough  to  atomize  the  fuel. 
I  found,  for  instance,  that  with  a  l12-in.  carbureter, 
with  a  properly  designed  air-chamber  below  the  venturi 
tube,  I  could  pass  the  same  number  of  cubic  feet  through 
a  l14-in.  carbureter  that  I  could  get  through  any  l34-in. 
carbureter  made  in  America. 

MR.  Kegerreis: — The  explanation  by  Mr.  Sherbondy  of 
the  critical  point  where  the  high  frictional  loss  was  found 
may  be  the  cause  in  some  carbureter  bodies.  The  case  of 
the  carbureter,  the  results  from  which  are  represented 
in  Fig.  34,  is  somewhat  different.  The  elbow  was  re- 
moved, allowing  the  ends  of  the  venturi  and  the  nozzle 
to  be  the  .limiting  factors.  The  same  frictional  loss  was 
present  whether  the  elbow  was  in  place  or  removed.  The 
nozzle  was  next  removed,  allowing  only  the  venturi  to  re- 
main in  the  airstream;  then,  of  course,  the  frictional  loss 
dropped  to  a  rather  low  value.  This  information  was 
procured  at  a  high  flow-rate  through  the  carbureter.  It 
is  interesting  to  note  that,  in  carbureter  bodies,  the  plac- 
ing of  the  choke  valve  is  important.  On  a  new  experi- 
mental model  I  am  developing,  no  choke  was  originally 
employed.  No  other  change  was  made  except  to  add  the 
ordinary  choke  valve  positioned  at  a  certain  angle.  The 
result  was  that  the  airflow  was  increased  10  per  cent. 

J.  G.  WlLLET: — An  important  fuel  loss  has  been  over- 
looked. When  a  car  reduces  speed  quickly,  as  in  ap- 
proaching a  corner  in  traffic,  the  accelerator  is  released 
and  the  engine  is  being  driven  by  the  car;  the  result  is 
that  the  engine  is  being  fed  an  over-rich  mixture.  This 
is  noticeable  when  the  car  is  accelerated,  on  account  of 
the  usual  black  smoky  exhaust  shown  at  the  time.  It  not 
only  wastes  fuel,  but  it  deposits  carbon  and  tends  to 
dilute  the  lubricating  oil.  Could  not  these  troubles  be 
overcome  entirely  by  a  system  in  which  the  fuel  delivered 


to  the  engine  by  the  carbureter  is  controlled  by  the  pres- 
sure developed  in  the  engine  cylinders,  which  corre- 
sponds with  the  load  on  the  engine?  Such  a  method 
would  not  only  vary  the  fuel  delivered  to  the  engine  in 
exact  proportion  to  its  load,  but  would  cut  it  off  entirely 
when  the  engine  was  being  motored  by  the  car. 

Mr.  Tice: — In  further  discussion  of  the  point  just 
brought  up,  the  conclusion  that  an  examination  of  Mr. 
Kegerreis*  work  leads  to  is  that  the  variation  in  the 
strength  of  the  mixture  must  be  made  with  the  load,  not 
with  car  speed  or  engine  speed  or  rate  of  airflow.  As  to 
the  matter  of  a  mixture  being  too  rich  under  one  operat- 
ing condition  and  too  lean  under  another,  that  repre- 
sents nothing  more  than  the  fuel  lag  that  we  have  to  put 
up  with  in  our  present  commercial  intake-manifold.  To 
have  the  manifold  deliver  to  the  engine  the  mixtures  that 
are  delivered  to  the  manifold  by  the  carbureter,  there 
must  be  certain  amounts  and  varying  quantities  of 
liquid  in  the  manifold  and  on  its  walls.  So  long  as  an 
intake  system  makes  it  necessary  for  that  to  happen,  just 
so  long  will  we  have  widely  changing  mixture  proportions 
every  time  we  change  the  throttle  position. 

Chester  S.  RiCKER: — Many  of  those  present  will  re- 
member driving  cars  in  which  this  film  on  the  walls  of 
the  manifold  that  Mr.  Tice  mentions  might  be  left  there 
when  the  car  is  running  forward.  I  remember  a  car 
that  was  built  10  years  ago  with  clutches  that  would  only 
drive  in  one  direction.  If  the  car  started  to  coast,  it 
coasted  as  though  it  had  a  coaster-brake  on  it;  the  en- 
gine maintained  whatever  speed  it  had  or  slowed  down 
gradually.  If  this  condition  exists,  as  these  carbureter 
men  suggest,  I  am  wondering  whether  that  might  not  be 
considered  as  a  mechanical  development  to  assist  the  car 
in  gaining  the  maximum  economy? 

W.  L.  Dempsey  : — The  engine  people  have  as  much 
right  to  improve  the  engine  as  the  carbureter  people  have 
to  improve  the  carbureter,  and  I  believe  we  can  get  a  real 
insight  into  our  troubles  if  we  will  stop  for  a  moment  and 
analyze  the  Diesel  engine.  The  Diesel  engine  does  not 
waste  any  fuel  in  the  crankcase.  It  is  the  most  economi- 
cal of  all  of  our  engines,  and  it  will  burn  practically  any- 
thing that  is  put  into  it.  What  is  the  fundamental  rea- 
son why  the  Diesel  engine,  operating  as  it  does  under  all 
conditions  on  practically  any  grade  of  fuel,  does  so  with- 
out any  wastage  into  the  crankcase?  I  believe  it  would 
not  be  fair  to  say  it  is  the  fault  of  the  carbureter,  be- 
cause the  Diesel  engine  has  no  carbureter.  From  the 
time  the  fuel  goes  into  the  Diesel  engine  until  it  is  com- 
pletely burned  and  exhausted,  the  temperature  never 
drops  below  about  900  to  950  deg.  fahr.  There  is  always 
an  excess  of  oxygen  in  the  Diesel  engine.  The  fuel  of 
the  engine  is  made  up  of  the  petroleum  spheres  which 
grow  like  a  bunch  of  grapes;  it  is  represented  by  CH,, 
or  1  atom  of  carbon  and  2  atoms  of  hydrogen.  Every 
time  we  add  2  atoms  of  hydrogen  and  1  atom  of  carbon, 
the  boiling  point  of  that  particular  molecule,  if  we  con- 
sider those  between  CH,  and  C;H,  or  on  up  the  line  as  the 
molecules  enlarge,  increases  about  60  deg.  fahr.  It  is  not 
only  necessary  that  this  molecule  be  broken  up  before  the 
carbon  and  the  hydrogen  can  be  free  to  unite  with  the 
oxygen  of  the  air  to  make  complete  combustion,  it  is  not 
only  necessary  that  the  temperature  be  brought  up  to  a 
point  where  the  energy  that  is  given  to  the  atom  by  heat- 
ing it  is  stronger  or  greater  than  the  natural  affinity  of 
each  atom  for  the  other,  but  it  must  be  maintained  at 
that  temperature  during  the  whole  time  that  the  fuel  is 
in  the  process  of  combustion ;  otherwise,  whenever  it 
drops  below  that  critical  temperature  it  must  necessarily 
condense,  and  we  will  make  a  complete  mixture  in  the 
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carbureter  and  condense  it  before  we  get  it  into  the 
cylinder. 

If  one  watches  any  well-made  manometer  and  varies 
the  throttle,  this  will  vary  the  compression,  and  if  one 
varies  the  compression  this  will  vary  the  temperature  of 
compression.  To  my  mind,  the  reason  that  the  Otto  cycle, 
with  its  throttle-governed  system,  burns  more  fuel  per 
horsepower  than  the  Diesel  engine,  is  because  it  wastes 
more  fuel  into  the  carbureter  because  the  temperature 
has  dropped.  It  is  all  right  to  talk  about  fogs,  but  you 
cannot  explode  a  fog.  You  never  get  combustion  and  ex- 
plosion until  you  get  a  dry  gas;  and,  whenever  the  tem- 
perature drops  below  the  temperature  of  the  dry  gas, 
that  amount  of  fuel  is  bound  to  exhaust.  The  only  way 
to  get  efficient  carburetion  out  of  the  fuel  is  to  mix  it 
with  the  air  and  get  the  atoms  into  as  close  proximity  as 
possible.  A  peck  of  potatoes  comprises  large  and  small 
potatoes  and,  when  they  are  baked  in  an  oven,  the  large 
ones  require  more  heat  than  the  small  ones.  We  have  the 
same  situation  here ;  it  takes  a  little  heat  to  vaporize  the 
smaller  particles  and  a  greater  amount  of  heat  to  vapor- 
ize the  larger  ones.  If  we  can  devise  some  scheme  to 
maintain  the  temperature  at  250  cleg.  fahr.  through  the 
carbureter,  we  will  get  economy  at  that;  but  if  we  main- 
tain the  temperature  from  the  time  the  air  strikes  the 
carbureter  until  the  time  the  compression  is  completed, 
we  will  increase  the  economy.  Therefore,  if  we  can 
maintain  a  uniform  compression  in  the  engine  and  if 
we  can  make  it  impossible  for  the  fuel,  the  liquid,  the 
spray  or  the  fog,  to  touch  a  water-jacketed  wall  that 
cannot  be  much  above  212  deg.  fahr.,  we  will  help  to  solve 
this  difficulty.  We  cannot  very  well  keep  a  dry  gas  of 
molecules  that  requires  a  temperature  of  500  deg.  fahr. 
to  vaporize  them  by  spraying  fuel  against  a  water- 
jacketed  wall  that  has  a  temperature  of  250  deg.  fahr. 

Two  important  things  must  be  improved  in  an  engine. 
First,  it  must  be  furnished  with  sufficient  oxygen  to  have 
1  atom  of  oxygen  for  each  2  atoms  of  hydrogen,  and  2 
atoms  of  oxygen  for  each  1  atom  of  carbon.  Second,  the 
temperature  must  be  maintained  from  the  time  it  enters 
the  cylinder  until  the  end  of  the  compression  stroke. 
By  so  doing  the  economy  will  have  increased  decidedly, 
and  the  engine  will  burn  practically  anything  that  is  put 
into  it. 

A.  D.  T.  Libby: — Did  Mr.  Kegerreis,  in  these  experi- 
ments with  kerosene,  make  any  attempt  or  experiments 
to  feed  superheated  steam  into  the  engine  simultaneously 
with  the  kerosene  mixture? 

Mr.  Kegerreis: — In  these  experiments  the  compres- 
sion-ratio used  was  about  4.6.  At  70  lb.  per  sq.  in.  it 
gave  some  detonation,  of  course.  We  used  no  water 
whatever;  they  were  pure  kerosene  and  atmospheric  air 
mixtures. 

Neil  MacCoull  : — What  experience  has  Mr.  Kegerreis 
had  in  measuring  mixture  temperatures?  In  Fig.  25,  he 
shows  a  maximum  temperature  drop  of  about  50  deg. 
fahr.  between  the  temperature  of  the  air  going  into  the 
carbureter  and  the  temperature  of  the  mixture,  when  the 
air  going  in  is  at  250  deg.  fahr.  In  some  experiments  we 
have  made,  we  have  tried  measuring  the  temperatures 
of  the  mixtures  at  the  various  points  in  the  manifold.  At 
every  place  we  put  the  thermometer,  we  got  a  different 
temperature,  but  we  found  the  minimum  temperature 
drop  with  "motor  gasoline"  to  be  more  than  100  deg. 
fahr.  with  air  supplied  to  the  carbureter  at  250  deg.  fahr. 
We  are  conscious  of  the  fact  that  there  are  wet-bulb  con- 
ditions going  on  in  measuring  the  temperature  of  the 
mixture,  but  if  vaporization  proceeded  to  a  point  where 
the  mixture  is  saturated,  one  would  assume  that  a  wet 


bulb  should  not  give  a  temperature  below  that  of  the 
actual  air  and  fuel  mixture. 

During  these  runs,  was  the  spark  kept  at  a  constant 
advance  or  was  it  advanced  in  each  different  test  to  give 
the  maximum  power? 

Mr.  Kegerreis: — The  mixture  temperature  was  meas- 
ured approximately  about  10  in.,  I  should  imagine,  from 
the  carbureter;  that  is,  the  mixture  went  around  a  90- 
deg.  bend  between  the  thermometer  and  the  carbureter. 

The  conditions  of  spark-advance  with  respect  to  tem- 
perature were  constant.  With  respect  to  load,  of  course, 
they  were  necessarily  held  for  high-power  conditions  in 
all  cases,  and  that  meant  some  retardation  at  the  higher 
loads;  not  so  very  much,  but  some.  Also  at  the  maximum 
load,  100  per  cent  load,  some  diethyl  selenide  was  used 
to  suppress  the  detonation.  I  think  you  will  find,  with 
respect  to  detonation,  that  one  of  the  curves  will  show  its 
effect  on  the  power  at  the  higher  temperatures  and  the 
half-load  condition. 

F.  C.  Mock  : — The  conclusions  of  the  paper  as  to  fuel 
mixture  requirements  are,  in  general,  those  held  by  our 
own  engineering  organization  for  a  number  of  years,  and 
their  accuracy  has  been  proved  by  many  tests,  on  a  great 
number  of  engines.  We  find,  however,  and  I  believe  this 
will  agree  with  the  observation  of  many  of  our  members, 
that  the  exact  requirements  of  mixture  proportion  are 
different  with  each  design  of  engine ;  as  a  matter  of 
fact,  they  may  be  different  with  the  same  engine  at  dif- 
ferent times  in  its  service.  Probably  at  the  highest  mix- 
ture temperatures  reached  during  the  test  described  in 
the  paper,  and  certainly  at  the  lower  temperatures  under 
which  passenger-car  engines  operate  most  of  the  time, 
there  is  a  definite  portion  of  the  fuel  unvaporized  in  the 
intake-manifold  and  distributed  to  the  various  cylinders 
with  a  degree  of  inequality  depending  upon  manifold 
contours,  air  velocity,  the  temperature  and  the  volatility 
of  the  fuel.  The  requirements  of  mixture  delivery  from 
the  carbureter  for  best  engine  operation  will,  of  course, 
vary  with  this  inequality  of  distribution.  The  quality  of 
the  mixture  leaving  the  carbureter  can  easily  be  different 
from  that  received  by  a  given  cylinder,  and  the  carbure- 
ter setting  must  always  be  a  compromise  that  will  aver- 
age up  best  among  the  different  cylinders. 

The  result  of  all  this  is  that  a  considerable  amount  of 
experimental  work  is  necessary  for  best  results  from  a 
given  engine.  First,  in  finding  the  mixture  require- 
ments, then  in  setting  the  carbureter  to  comply  there- 
with. The  idea  of  a  "mail-order"  carbureter,  which 
could  be  furnished,  with  fixed  adjustment,  from  speci- 
fication of  the  bore,  stroke  and  number  of  cylinders  of 
the  engine,  never  has  been  and  never  will  be  practical. 
Given,  however,  complete  information  as  to  an  engine's 
requirements,  I  am  very  sure  that  carbureters  can  today 
be  obtained  which  will  come  much  nearer  meeting  these 
requirements  than  the  authors  of  the  paper  seem  to  be- 
lieve. 

I  am  rather  certain  that  it  will  never  be  desirable  to  do 
away  with  adjustments  on  a  carbureter  for  passenger- 
car  service.  This  is  not  on  account  of  the  variation  in 
the  mixture  delivery  with  the  temperature,  for  this,  even 
according  to  the  values  given  in  the  paper,  amounts  only 
to  about  3  per  cent  or  perhaps  H  mile  per  gal.  on  either 
side  of  an  average  setting,  for  a  100-deg.  fahr.  tempera- 
ture change.  Such  a  change  is  minor  in  comparison  with 
the  change  in  the  fuel  requirements  of  the  engine  for 
good  acceleration,  or  for  full  power  at  low  speed,  under  a 
100-deg.  fahr.  temperature  change,  or  at  constant  tem- 
perature with  different  fuels  that  can  be  bought  from 
adjacent  filling  stations  in  many  of  our  cities. 
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Since  the  required  adjustment  is  dependent  upon  fuel 
characteristics  as  well  as  upon  temperature,  any  thermal 
adjustment  on  the  fuel-jet,  set  and  locked  at  the  factory, 
will  probably  waste  as  much  fuel  as  it  saves  on  cars  in 
general  service.  A  successful  automatic  control  of  the 
fuel-jet  would  have  to  be  so  intelligent  that  it  would 
function  according  to  the  intake-manifold  temperature, 
the  engine  temperature,  the  entering-air  temperature, 
the  manifold  vacuum,  the  manifold  velocity  and  the  vola- 
tility and  the  viscosity  of  the  gasoline. 

MR.  Kegerreis: — Mr.  Mock's  discussion  is  very  timely 
and,  being  presented  by  a  representative  of  a  large  com- 
mercial carbureter  company,  where  the  results,  no  doubt, 
were  procured  largely   from  actual  car  installations  as 


well  as  from  laboratory  work,  they  bear  out  the  general 
findings  of  our  researches  conducted  wholly  in  the  labora- 
tory. I  am  sorry  Mr.  Mock  seemingly  has  taken  for 
granted  that  the  few  instances  cited  in  the  paper  cover 
the  results  of  all  the  carbureters  observed  on  the  test- 
ing plant.  However,  it  can  be  stated,  that,  knowing  the 
complete  engine  requirements,  there  are  very  few  devices 
that  will  approximate  the  ideal.  These  data  will  be  pub- 
lished in  complete  form  at  a  later  date. 

In  connection  with  the  discussion  of  the  automatic  con- 
trol of  the  fuel-jet,  it  is  fairly  certain  that  a  jet  can  be 
designed  such  that  it  will  inherently  compensate  for  the 
entering-air  temperature  and  the  viscosity  of  the  particu- 
lar grade  of  fuel  that  is  being  used. 


COORDINATION    OF   THE   MOTORBUS   AND   THE 

STREET  RAILWAY 


(Concluded  from  p.  436) 


the  full  support  of  the  public,  has  required  that  it  be 
assured  against  losses  from  operation  in  territory  where 
there  are  not  enough  inhabitants  to  guarantee  a  return 
upon  the  money  invested  in  the  extension.  In  Baltimore 
we  have  a  similar  situation.  The  requirement  by  the 
railways  that  they  be  assured  against  loss  when  they 
give  service  that  is  designed  primarily  to  increase  the 
value  of  somebody  else's  holdings,  is  a  perfectly  just  and 
reasonable  one. 

MOTORBUSES   AS    RAILWAY    AUXILIARIES. 

The  development  of  a  motorbus  that  can  be  operated  at 
the  minimum  of  expense,  will  make  it  easier  for  people  liv- 
ing some  distance  from  a  rail  line  to  get  transportation, 
although  at  a  higher  price  than  is  charged  for  rail  service. 
By  extending  motorbus  lines  from  the  termini  of  rail 
lines  or  from  other  points  into  sparsely  settled  territory, 
railways  are  enabled  to  serve  sections  that  could  not  hope 
for  rail  service  for  many  years  to  come.  When  the  rail- 
way does  this,  the  people  are  assured  of  a  permanent 
service  and  property  owners  are  encouraged  to  build 
homes.  As  the  district  grows,  the  time  comes  when 
service  can  be  given  more  cheaply  by  the  railway  and 
then  the  railway  company  is  justified  in  extending  its 
rail  lines  into  districts  that  have  been  built  up  by  motor- 
buses,  transferring  the  buses  to  still  more  remote  sec- 
tions. When  such  territory  is  served  by  individuals  or 
unregulated  drivers,  the  community  has  no  assurance 
that  the  service  will  be  permanent.    A  fly-by-night  jitney 


driver  may  be  able  to  serve  a  community  for  a  limited 
time  at  a  low  fare,  but  his  day  is  short  and,  when  it  is 
done,  the  people  find  themselves  marooned  unless  the 
railway  company,  with  its  years  of  experience,  comes  to 
their  rescue. 

I  could  quote  from  many  reports  and  present  many 
arguments  on  this  subject,  but  I  know  that  you  are  well 
aware  of  the  facts.  Let  me  say  in  closing  that  the  pros- 
perity, comfort,  convenience  and  intellectual  growth  of 
the  people  depend  primarily  upon  the  establishment  and 
maintenance  of  a  transportation  service  that  is  reliable, 
permanent  and  efficiently  conducted.  There  has  not  yet 
been  developed  any  transportation  service  of  this  char- 
acter, except  that  of  the  steam  railroads  and  the  electric 
railways.  As  a  representative  of  the  electric-railway  in- 
dustry I  want  to  say  that  my  industry  recognizes  the 
great  service  that  can  be  rendered  through  the  use  of 
motor  vehicles,  and  that  it  is  using  them  and  will  use 
more  of  them  in  the  future;  but  further,  that  any  policy 
of  competition  which  unwise  automobile  advocates  may 
adopt  is  certain  to  be  ruinous  to  themselves  and  to  the 
railways,  whether  they  be  steam  or  electric ;  and  once 
a  railway  stops  operating  it  is  extremely  difficult  to  re- 
store the  service. 

I  trust  that  I  have  made  clear  to  you  in  this  discussion 
the  fact  that  if  your  great  industry  and  the  electric- 
railway  industry  will  cooperate,  far  greater  benefit  will 
flow  not  only  to  us,  but,  what  is  more  important,  to  the 
public  that  we  serve. 


Vol.  XII 


May,  1923 


No.  5 


The  Retailer  and  the  Engineer 


liy  Harold  15.  Wess1 


Cleveland  Automotive  Transportation  Meeting  Paper 


THE  author  recognizes  the  engineer  as  the  proper 
medium  of  an  effective  control  in  industry  because 
he  has  the  power  to  visualize  minutely,  in  advance,  the 
product  as  it  will  appear  and  operate  when  completed, 
to  think  and  to  plan  on  paper  and  to  adhere  to  accurate 
mathematical  thinking  in  making  decisions  as  well  as 
in  the  conduct  of  his  operations.  He  states. that  these 
qualifications  can  be  applied  to  advantage  in  any  branch 
of  a  retail  organization  today. 

The  application  of  engineering  principles  to  retail- 
organization  management  is  discussed  and  the  expense 
sheet  of  retail  business  is  mentioned  as  being  the  point 
of  contact  at  which  the  automotive  engineer  can  assist 
the  retailer  in  reducing  operating  costs  by  improving 
delivery  service.  The  author  suggests  automotive  con- 
centration upon  the  construction  of  an  improved  light 
parcel-delivery  truck,  as  well  as  one  of  heavier  type 
for  delivering  merchandise  in  bulk  and  transporting 
furniture. 

A  S  engineers  you,  to  my  mind,  represent  the  con- 
/\  stituent  of  industry  that  is  being  recognized  as 
1.  V  the  proper  medium  of  an  effective  control  over  the 
ever-expanding  organization  problems.  Whether  the 
engineer  has  been  trained  along  electrical,  automotive  or 
civil  lines,  or  any  other  form  of  construction  and  plan- 
ning, he  has  essentially  those  qualities  that  are  most 
needed  in  industry  today.     He  has  the  power  to 

(1)  Visualize  minutely,  in  advance,  the  product  as  it 
will  appear  and  operate  when  completed 

(2)  Think,  and  plan  on  paper 

l  3 )  Adhere  to  accurate  mathematical  thinking  in  mak- 
ing decisions  as  well  as  in  the  conduct  of  his 
operations 

In  any  branch  of  a  retail  organization  today,  it  is 
evident  how  essential  these  three  qualifications  are,  and 
the  engineer  is  especially  trained  to  fulfill  them. 

Let  us  consider  the  merchandising  branch.  What  do 
we  find?  When  the  retailer's  business  was  small  and 
the  individual  merchandise  man  could  keep  in  close  physi- 
cal touch  with  every  item  on  his  shelves,  all  was  well. 
When  merchandise  increased  to  such  unusual  volume  as 
to  make  such  intimate  contact  impossible  for  him,  he  had 
to  resort  to  the  engineering  method.  Therefore,  the 
progressive  merchant  outlines  on  paper  a  complete  plan 
of  what  his  stock  should  normally  look  like  from  month 
to  month,  not  in  dollars  and  cents,  but  in  physical  units. 
Just  as  the  engineer  reassures  himself  by  referring  from 
his  machine  to  his  plan,  so  the  merchandise  man  always 
refers  from  his  actual  stock  conditions  to  the  plan  that 
he  carefully  drew  up.  In  all  of  his  operations,  he  is 
more  and  more  beginning  to  visualize  his  sales,  his  stock 
and  his  turnover,  with  the  same  mathematical  accuracy 
and  the  same  graphic  and  mechanical  methods  as  those 
employed  by  the  engineer.  As  the  engineer  sets  up  ac- 
curate mechanical  devices  to  guard  against  too  high  or 
too  low  a  temperature,  to  make  sure  that  he  is  not  caught 
unawares  and  probably  too  late  to  replenish  or  adjust 
his  machine,  so  the  progressive  merchandise  man  sets  up 
similar  reliable  safeguards  by  which  he  knows  daily 
whether  he  is  running  short  in  any  of  many  hundreds  of 
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rapidly  selling  items,  or  whether  he  is  being  over-stocked 
in  any  of  the  slow  moving  or  staple  articles.  He  does 
not  order  items  blindly;  like  the  engineer,  he  refers  to 
his  prepared  plans  and  builds  his  business  structure  in 
accordance  with  them. 

Application  of  Engineering  Principles 

If  we  take  any  other  branch  of  the  retail  organization 
we  will  find  that  this  engineering  method  is  being  ap- 
plied. Peculiarly  enough,  this  engineering  method,  or 
what  I  should  prefer  to  call  engineering  psychology,  is 
much  more  used  in  the  so-called  non-merchandising  de- 
partments in  the  retail  organization.  As  yet,  it  has  not 
fully  invaded,  or  made  itself  felt  as  a  motivating  force 
in  merchandising  problems;  but  there  is  no  question  that 
the  time  is  coming  when  the  merchandise  man  will  find 
that  the  "walking  delegate"  form  of  executive  control 
will  be  inadequate.  He  will  find  himself  in  the  same 
position  as  a  teacher  who  tries  to  keep  100  children  all 
together  and  in  step.  When  the  teacher  runs  up  to  the 
front  of  the  line  and  tries  to  adjust  the  pupils,  the  rear 
is  disorganized  and,  by  the  time  he  returns  to  the  rear 
and  attempts  to  bring  them  into  step,  the  front  is  out 
of  step  and  in  disorder.  So,  the  inexperienced  teacher 
keeps  running  up  and  down  in  a  frantic  effort  to  have 
a  completely  organized  marching  unit,  with  no  other 
reward  than  aching  feet.  The  walking-delegate  type  of 
executive  is  in  the  same  position.  Just  as  he  has  ad- 
justed one  difficulty  in  his  organization  and  plugged  up 
one  hole,  behold,  another  trouble  is  started.  The  reason 
is  very  simple.  It  is  all  due  to  the  fact  that  the  operat- 
ing control  does  not  emanate  from  a  centrally  conceived 
idea.  The  various  sections  or  units  do  not  tie-up  into 
one  central  point. 

Imagine  a  ship  on  the  ocean  guided  from  several  dif- 
ferent points,  each  directing  it  at  will,  instead  of  being 
controlled  by  one  radio  station.  It  would  be  a  very 
wabbly  ship,  and  what  applies  to  it  usually  applies  with 
equal  force,  figuratively  speaking,  to  the  wabbly  ship  of 
industry,  or  to  any  part  of  an  organization.  Only  he 
can  truly  be  called  an  executive  of  the  highest  order  who 
adopts  the  engineering  method,  carefully  controlling  his 
organization  from  an  organized  plan,  built  up  with 
mathematical  precision;  a  man  who  is  guided  by  this 
plan  just  as  the  captain  of  a  ship  is  guided  by  a  compass; 
one  who  can  control  the  movement  of  his  ship  of  organ- 
ization with  the  same  certainty  as  if  he  had  concentrated 
all  the  engineering  energy  within  one  central  radio 
station. 

You  are  automotive  engineers  but,  because  you  are 
engineers,  I  know  that,  whether  I  talk  on  retailing  or  on 
any  other  branch  of  industry,  you  will  apply  to  it  a  mode 
of  thinking  that  is  bound  to  be  well  balanced,  accurate 
and  reliable. 

Department  Store  Expense 

I  invite  you  to  take  your  place  on  the  expense  sheet  of 
the  retail  business,  because  it  is  the  sheet  on  which  the 
retailer  is  concentrating  all  his  energies  today.  It  is  the 
sheet  on  which  the  retailer  is  expending  sums  of  money 
that  might  well  go  into  his  own  profits,  if  it  were  not 
for  the  fact  that  he  wishes  to  cut  down  the  expense  so 


465 


Vol.   XII 


May.   1923 


No.  5 


4(i(i 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


that  the  public  will  benefit.  The  retailer  was  attacked 
severely  in  regard  to  high  prices  in  1920  and  1921,  but 
the  true  state  of  affairs,  as  reported  by  the  Bureau  of 
Business  Research  of  Harvard  University,  was  that  de- 
partment stores  earned  1.7  cents  per  dollar  of  sales 
during  1920,  and  1.3  cents  per  dollar  of  sales  during 
1921.  An  analysis  of  earnings  of  similar  kinds  of  busi- 
ness shows  that  the  department  store  is  one  of  the  lowest 
on  the  scale.  That  is  inherent  in  the  requirements  of 
department-store  service. 

The  chain  store  can  earn  10  cents  per  dollar  because 
its  service  to  the  consumer  is  at  a  minimum.  That  is 
equally  true  of  many  other  forms  of  distribution  to  the 
public.  The  department  store,  however,  must  render 
a  high  type  of  service  and,  in  its  effort  to  give  a  minimum 
price  to  the  public  at  the  same  time,  it  is  bound  to  get 
a  lower  return  for  its  selling  dollar  than  is  true  in  many 
another  form  of  distribution. 

Automotive  engineers  are  in  a  position  to  help  the 
retailer  bring  down  his  costs  of  operation  in  one  particu- 
lar form  of  service.  I  can  speak  for  our  own  store,  and 
point  to  the  great  efforts  being  made  to  analyze  our 
various  operations  so  as  to  increase  their  efficiency,  all 
being  with  a  view  toward  decreasing  our  costs  and  giv- 
ing that  benefit  to  the  public.  For  instance,  we  con- 
ducted and  are  still  conducting  an  investigation  in  our 
delivery  branch  of  service,  in  which  you  are  particularly 
interested.  We  serft  out  four  trained  college  men  who 
have  spent  months  on  the  delivery  wagons  in  analyzing 
very  accurately,  with  stop-watches,  every  possible  motion 
made  during  the  day  in  the  various  phases  of  delivery 
operation.  Thousands  of  repetitions  of  each  motion 
were  recorded  and,  when  all  of  the  data  were  gathered 
and  studied,  we  were  able  to  arrive  at  some  fundamental 
conclusions.  We  are  still  looking  forward  to  develop- 
ing some  very  valuable  standards  to  guide  us  in  oper- 
ating our  delivery  service  with  a  maximum  of  service 
to  the  customer,  and  with  a  minimum  of  expense  to  the 
store  and  to  the  customer.  We  are  doing  that  in  every 
branch  of  our  business.  We  are  applying  the  engineer- 
ing method.  However,  when  we  come  to  use  equipment 
and  supplies  for  our  service  that  we  are  bound  to  pur- 
chase from  others,  we  have  no  control  over  them.  We 
may  expend  a  great  amount  of  money  to  determine  the 
best  methods  of  operation  and  to  find  out  how  to  save 
here  and  there. 

When  a  store  like  ours  invests  its  energies  and  its 
money  for  the  improvement  of  methods  and  for  the  sav- 
ing of  operating  expenses,  it  is  not  only  doing  so  for  the 
business  and  for  its  customers  but,  by  conventions  and 
through  publications,  it  is  contributing  to  other  organi- 
zations the  information  that  it  has  gained  by  its  own 
efforts.  If  every  retailer  and  if  other  organizations  fol- 
lowed the  same  policy,  and  many  of  them  are  doing  so, 
we  can  see  easily  what  an  important  motivating  power 
such  approach  in  modern  business  would  become  and 
what  a  powerful  force  for  placing  modern  industry  on 
so  efficient  a  basis  as  to  make  it  impregnable  to  the 
criticism  of  the  most  radical  in  our  social  organization. 
We  could  bring  modern  industry  to  an  efficiency  that 
would  cause  the  public,  which  now  and  then  is  amen- 
able to  certain  prejudices,  gradually  to  develop  much  con- 
fidence in  the  retailer.  The  public  would  soon  realize 
that  the  retailer  had  reduced  the  cost  of  service  that  the 
customer  wants. 

Types  of  Vehicle  Desirable 

As  to  the  place  of  automotive  engineers  on  our  ex- 
pense sheet,  we  can   do  much   to   improve  our  methods 


and  reduce  our  overhead  but,  when  we  are  confronted 
with  materials  that  we  must  purchase  from  the  outside, 
we  have  a  right  to  tell  these  people  that  we  are  expend- 
ing all  our  energies  and  utilizing  our  resources  for  the 
reduction  of  our  overhead  cost,  and  to  say  that  we  expect 
them  to  do  the  same  for  us  insofar  as  the  supplies  and 
equipment  we  purchase  from  them  are  concerned. 

The  retail  field  today  is  not  only  applying  its  best 
efforts  individually  to  improve  its  operating  methods 
but,  collectively,  it  has  organized  toward  the  same  end. 
For  example,  the  National  Retail  Dry  Goods  Association, 
an  organization  built-up  for  the  purpose  of  placing  re- 
tailing in  the  foremost  position  in  modern  industry, 
through  its  operating  associate  groups,  is  not  only  help- 
ing to  build  the  highest  form  of  retail  organization,  but  it 
is  making  its  contribution  to  other  industries.  If  we 
consider,  for  instance,  the  Controller's  Congress,  an  asso- 
ciate group  of  the  National  Retail  Dry  Goods  Associa- 
tion, we  find  that  the  accounting  system  it  has  just 
developed  has  created  such  active  interest  among  in- 
dustries outside  of  the  retail  field  that  it  is  rapidly  being 
adopted  in  one  form  or  another  by  others.  A  group  that 
is  of  greater  interest  to  automotive  engineers  is  the 
International  Retail  Delivery  Association,  which  is  now 
affiliated  with  the  National  Retail  Dry  Goods  Association, 
as  an  associate.  Here  we  meet  annually  to  find  ways  and 
means  of  reducing  the  expense  of  operating  our  delivery 
system. 

There  is  one  expense,  however,  that  we  cannot  reduce 
without  your  assistance,  and  that  is  the  expense  as  it 
particularly  applies  to  the  motor  vehicle.  How  much 
study  have  you  really  given  to  the  problem  of  the  depart- 
ment store  as  it  applies  to  the  motor  vehicle?  Can  you 
honestly  and  truly  say  that  you  have  built  a  motor  vehicle 
to  fit  the  needs  of  the  retail  field?  The  express  company 
and  the  shipping  company  uses  its  vehicle  to  deliver 
merchandise  that  is  mostly  heavy.  Its  stops  are  cer- 
tainly not  short.  I  know  of  no  other  industry  that  has 
the  problem  of  house-to-house  delivery,  where  mileage 
is  really  a  minor  factor.  I  know  of  no  other  industry 
where  a  certain  phase  of  its  delivery  equipment  is  con- 
cerned with  merchandise,  where  weight  is  a  small  factor. 
I  could  continue  to  mention  the  particular  differences 
between  the  retail  requirements  of  the  motor  vehicle 
and  that  of  other  industries.  Has  a  real  study  been  made 
of  the  requirements  of  the  retail  field  so  that  a  truck 
can  be  constructed  that  is  in  every  respect  a  retail  truck? 
I  hope  I  am  wrong  but,  from  my  discussions  on  this  sub- 
ject with  men  in  the  field,  I  think  that  has  not  been  done, 
or  certainly  not  to  the  extent  that  the  importance  of  the 
problem  warrants. 

Recently,  I  spoke  of  the  need  of  placing  on  a  truck  a 
body  that  is  essentially  a  retail  body.  Such  a  body  would 
reduce  sorting  and  loading  operations  and  would  assist 
materially  in  an  efficient  delivery.  So  far,  no  effort  has 
been  made  to  experiment  particularly  with  a  delivery 
body.  My  intention  is  to  appoint  an  Automotive  Con- 
struction Committee  from  among  the  members  of  our 
Association,  who,  because  of  their  particular  training 
along  these  lines,  and  with  the  assistance  and  cooperation 
of  our  entire  membership,  will  present  to  you  what  they 
think  are  the  particular  requirements  of  the  construc- 
tion of  a  light  parcel-delivery  truck,  as  well  as  of  a 
heavier  type  needed  for  bulk  and  furniture  deliveries. 
With  your  engineering  training  and  application,  and  your 
cooperation,  so  directed,  these  vehicles  should  produce 
results  that  would  cause  you  to  feel  that  you  have  as- 
sisted the  retailer  materially  in  bringing  down  his  ex- 
pense. 
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THE  author  describes  a  system  of  automotive  trans- 
portation for  intra-city  hauling  and  the  movement 
of  merchandise  between  railroad  terminals  that  has 
enabled  the  company  he  represents  to  serve  the  city  of 
St.  Louis  and  the  railroad  terminals  there  with  a  high 
degree  of  efficiency  through  the  utilization  of  tractor 
and  semi-trailer  units  and  a  thorough  supervision  of 
their  movements.  The  units  are  described  and  illus- 
trated, and  the  conditions  governing  their  usage  are 
set  forth. 

The  salient  features  include  the  necessity  for  ade- 
quate terminals,  off-track  versus  on-track  railroad 
depots,  the  volume  of  tonnage,  tractor  and  semi-trailer 
operation  and  methods  of  procedure  and  control,  weight 
and  protection  of  loads,  haulage  distance,  economy,  and 
a  specific  statement  of  the  principal  advantages  gained 
through  the  use  of  automotive  equipment  of  the  type 
described. 

ALTHOUGH  I  am  not  an  engineer  and  possess  no 
technical  knowledge  of  the  construction  of  a  motor 
truck,  it  has  been  my  observation  that  the  motor 
truck  of  today  is  a  dependable  machine  that,  for  prac- 
tical purposes,  is  perfect  mechanically;  and  that  the 
limit  of  its  use  as  a  medium  of  transportation  will  de- 
pend upon  its  intelligent  application  to  business  and  the 
proper  application  of  business  to  the  vehicle.  It  is  my 
opinion,  therefore,  that  if  the  motor  truck  in  any  branch 
of  what  may  be  termed  "commercial  service"  is  not 
working  as  an  economic  and  efficient  unit  to  its  theoretical 
capacity,  it  is  because  it  does  not  fit  by  its  construction 
the  conditions  under  which  it  must  be  operated  or,  if 
it  does  fit  the  conditions,  its  operation  is  not  systema- 
tized so  as  to  get  from  it  the  full  measure  of  efficiency 
that  it  is  capable  of  giving.  Motor-vehicle  equipment, 
as  operated  today  in  commercial  hauling,  is  a  sort  of 
hit-or-miss  proposition;  that  is,  many  of  those  who  adopt 
it  for  use  in  their  business  fail  to  make  a  study  of  the 
conditions  under  which  it  must  be  operated,  or  to  super- 
vise its  operation  so  as  to  obtain  the  maximum  results. 
My  experience  in  automotive  transportation  has  been 
in  intra-city  hauling  and  the  transportation  of  merchan- 
dise between  railroad  terminals.  In  that  service  we  use 
a  unit  that,  by  its  construction,  fits  our  business,  and 
we  have  systematized  its  operations  so  that  we  are  get- 
ting from  it  the  full  measure  of  economy  and  efficiency. 
In  addition,  it  has  enabled  us  to  perfect  a  system  of 
terminals  in  St.  Louis  that  supply  a  vital  transportation 
need  for  both  the  railroads  that  serve  the  city  and  the 
business  community  there. 

Adequate  Terminals  Necessary 

One  of  the  most  important  problems  that  confronts 
the  rail-transportation  interests  of  the  Country  today  is 
that  of  adequate  terminal  facilities  in  large  cities  and, 
in  its  solution,  two  factors  must  be  considered;  (a),  the 
intra-terminal  transportation  of  merchandise  interchange 
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between  railroads,  and  lb),  the  intra-city  transportation 
of  merchandise  between  railroad  terminals  and  the  store 
or  plant  of  consignee  or  consignor.  In  these  factors 
service  and  cost  are  of  vital  importance  to  both  the  rail- 
roads and  their  patrons. 

It  is  a  recognized  fact  that  the  capacity  of  our  rail- 
roads is  fixed  by  that  of  their  terminals.  It  is  obvious, 
therefore,  that  such  facilities  as  tend  to  relieve  the  rail 
terminals  of  business  that  can  be  handled  otherwise  cor- 
respondingly increase  the  capacity  of  the  rail  terminals 
to  handle  the  volume  of  freight  that,  on  account  of  its 
character,  must  move  through  such  channels  and,  per- 
force, increase  the  capacity  of  our  railroads  as  a  whole. 

In  St.  Louis  this  is  now  being  done  by  the  company  I 
represent.  Using  semi-trailer  automotive-transporta- 
tion, it  relieves  the  rail  terminals  of  virtually  all  of  the 
less-than-carload  freight  that  is  interchanged  between 
the  Western  trunk  lines  terminating  in  St.  Louis  and  the 
Eastern  railroads  having  depots  in  East  St.  Louis,  111., 
across  the  Mississippi  River,  as  well  as  the  major  por- 
tion of  the  less-than-carload  merchandise  shipped  from 
and  destined  to  St.  Louis  proper.  Thus,  in  the  correla- 
tion of  rail  and  automotive  transportation  for  the  han- 
dling of  both  interchange  and  St.  Louis  merchandise  it 
has  been  made  possible  to  handle  carload  and  less-than- 
carload  business  more  expeditiously  in  St.  Louis  than  at 
any  other  terminal  center  in  the  Country. 

For  the  handling  of  the  less-than-carload  merchandise 
of  a  city,  adequate  freight  facilities  mean  terminal  facili- 
ties sufficient  to  handle  such  traffic  promptly,  with  freight 
depots  located  so  as  to  be  accessible  at  a  minimum  dray- 
age  haul  to  the  greatest  number  of  shippers  and  receiv- 
ers of  less-than-carload  freight.  In  St.  Louis  such  facili- 
ties are  furnished  by  our  company  in  the  operation  of 
universal  off-track  depots  conveniently  located,  to  which 
merchandise  shipments  for  any  one  or  for  all  of  the 
24  railroads  serving  that  city,  including  the  Illinois 
Traction  Co.  and  the  Federal  Barge  Line,  may  be  deliv- 
ered to  or  from  which  incoming  freight  from  any  or  all 
roads  may  be  obtained,  thereby  reducing  the  cartage  or 
haulage   expense  to   shippers   and   receivers   of  freight. 

Off-Track  Versus  On-Track  Railroad-Depots 
These  universal  off-track  stations  serve  the  railroads 
and  the  business  community  better  than  would  on-track 
railroad-depots  by  virtue  of  the  following  facts:  A  uni- 
versal freight  depot  on-track  for  the  receipt  and  delivery 
of  less-than-carload  merchandise  for  all  St.  Louis  rail- 
roads would,  by  its  perforced  location,  entail  an  increase 
in  drayage  expense  to  shippers  and  receivers  of  freight. 
Moreover,  such  a  universal  freight  depot  of  sufficient 
capacity  to  handle  the  less-than-carload  merchandise  of 
all  St.  Louis  railroads  and  permit  the  loading  thereof  in 
box  cars,  so  as  to  insure  through  service  with  a  minimum 
transfer  of  shipments  from  car  to  car  en  route,  would 
require,  if  located  at  a  point  convenient  to  the  greatest 
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number  of  shippers  and  receivers,  a  space  of  such  size 
that  the  cost  of  its  acquisition  would  be  prohibitive.  One 
universal  freight  depot  on-track  of  less  than  that  capacity, 
or  several  such  stations  on-track,  would  not  represent 
adequate  facilities;  for,  in  the  interest  of  service  and 
the  conservation  of  box-car  equipment,  the  transfer  or 
consolidation  of  shipments  at  other  stations  would  be 
necessary.  In  addition,  such  handling,  owing  to  the 
light  loading  of  this  class  of  freight,  would  take  a  large 
quantity  of  equipment  from  other  service  for  which  it 
might  at  the  time  be  needed  urgently,  to  say  nothing 
of  the  additional  tax  that  would  be  placed  on  the  rail 
terminal-facilities  in  the  handling  of  these  cars.  The 
location  of  individual  freight  depots  in  St.  Louis  by  each 
railroad  for  the  handling  of  less-than-carload  merchan- 
dise would  not  insure  better  service  to  shipments,  and 
it  would  increase  the  cartage  expense  of  shippers  and 
receivers  of  freight,  unless  they  should  have  straight 
loads  to  and  from  each  depot,  which,  with  most  of  them, 
would  be  very  infrequent. 

A  shipper's  truck  loaded  by  1:00  p.  m.  could  scarcely 
deliver  freight  to  12  or  more  different  railroad  depots 
between  that  hour  and  5:00  p.  m. ;  whereas,  if  delivery 
were  made  by  2:00  p.  m.,  which  could  be  done  to  the 
most  conveniently  located  of  our  universal  off-track 
depots,  we  would  make  delivery  of  the  shipments  to  the 
12  or  more  railroads  in  time  for  forwarding  the  same  day. 
This  applies  likewise  to  inbound  shipments,  those  that 
may  have  been  shipped  from  a  dozen  different  points  over 
as  many  different  railroads,  being  available  for  hauling 
from  the  universal  off-track  inbound-depot  that  the  con- 
signee may  elect  as  the  facility  at  which  he  desires  to 
accept  receipt  of  his  shipments. 

In  St.  Louis  our  company  now  has  eight  universal  off- 
track  depots;  five  for  the  handling  of  outbound  and 
three  for  the  handling  of  inbound  freight,  from  and  to 
which  less-than-carload  St.  Louis  rates  apply,  no  extra 
charge  being  made  to  shipper  or  consignee  for  the  move- 
ment or  handling  of  freight  by  our  company,  the  charge 
for  our  service  being  absorbed  by  the  railroads  out  of 
their  published  tariff  rates  to  and  from  St.  Louis.  Our 
facilities  thus  become  in  every  respect  those  of  the  rail- 
roads; and,  operating  as  agents  for  all  railroads  termi- 
nating in  St.  Louis  and  East  St.  Louis,  111.,  in  the  trans- 
fer of  both  inbound  and  outbound  freight  between  our 
eight  universal  off-track  depots  located  on  the  west  side 
of  the  Mississippi  River  and  the  various  railroad  freight 
depots  located  in  St.  Louis  and  East  St.  Louis,  111.,  we 
have  developed  a  system  of  automotive  transportation 
that,  for  practical  purposes,  places  our  universal  depots 
"on-track,"  so  to  speak,  by  what  amounts  virtually  to 
the  operation  of  non-track  railroad  transportation 
through  the  congested  industrial  sections  of  St.  Louis. 

Tremendous  Volume  of  Tonnage  Handled 
Under  this  system  we  handle  nearly  7,000,000  lb.  of 
merchandise  daily,  representing  466  carloads  per  day, 
loaded  to  15,000  lb.  each,  or  approximately  145,000  car- 
loads per  year,  and  that  number  of  box  cars  is  thereby 
released  for  other  service.  This  enormous  tonnage,  of 
which  65  per  cent  comprises  that  shipped  from  and 
destined  to  St.  Louis  proper  and  the  remainder  that 
for  points  beyond  St.  Louis,  interchanged  between  the 
railroads  terminating  in  St.  Louis  and  East  St.  Louis, 
111.,  is  handled  more  expeditiously  and  at  a  lower  cost  to 
the  railroads,  all  factors  considered,  than  they  could 
handle  it  through  their  rail  terminals;  and,  in  addition, 
on  that  shipped  from  and  destined  to  St.  Louis,  the  ex- 
pense of  drayage  to  shippers  and  receivers  is  reduced  to 


a  minimum  by  the  convenient  location  of  the  universal 
off-track  depots  we  provide  for  its  handling. 

Confronted  by  the  barrier  of  the  Mississippi  River, 
the  rail  connections  of  the  Eastern  lines  were  built  to 
East  St.  Louis,  111.,  and  those  of  the  Western  lines  to 
St.  Louis,  there  being  no  rail  connections  between  these 
points  until  the  opening  of  the  Eads  Bridge  for  traffic 
in  the  summer  of  1874.  For  such  rail  carriage,  the  rates 
on  merchandise  from  and  to  St.  Louis  were  on  a  plus 
basis  of  2  cents  per  100  lb.  more  than  the  East  St.  Louis, 
111.,  rates.  However,  for  the  more  expeditious  movement 
of  their  business,  the  majority  of  St.  Louis  shippers  and 
receivers  teamed  or  had  their  consignments  teamed  be- 
tween St.  Louis  and  East  St.  Louis,  111.,  which  was  an 
added   expense. 

In  1908,  when  the  St.  Louis  and  East  St.  Louis,  111., 
less-than-carload  rates  were  made  the  same,  the  then 
existing  union  rail  facilities  in  St.  Louis  were  not  ade- 
quate to  handle  the  traffic  for  actual  delivery  within 
St.  Louis  and,  as  the  Eastern  railroads  terminating  in 
East  St.  Louis,  111.,  could  not  secure,  had  they  so  desired, 
space  in  the  industrial  districts  of  St.  Louis  for  the  erec- 
tion of  their  own  depots,  they  entered  into  an  agreement 
with  our  company,  and  another  transfer  company  that 
was  subsequently  absorbed  by  our  company,  to  handle 
the  business.  Notwithstanding  the  fact  that  they  had 
their  own  depots  in  St.  Louis,  the  utility  of  this  arrange- 
ment was  recognized  quickly  by  the  Western  roads  and 
they  entered  into  a  like  agreement  for  the  handling  of 
their  business.  This  had  the  effect  of  making  us  the 
authorized  agent  for  all  the  railroads  serving  St.  Louis. 

Automotive-Transportation  Development 

During  each  succeeding  year  of  operation  our  haul- 
ing methods  have  undergone  a  process  of  studied  develop- 
ment. It  began  with  us,  of  course,  with  teams,  and  was 
changed  subsequently  in  part  to  motor  trucks,  but  within 
more  recent  years  we  have  adopted  a  form  of  tractor 
and  semi-trailer  automotive-transportation  that  marks 
a  revolutionary  development  in  the  handling  of  less-than- 
carload  freight  within  the  large  industrial  city  and  ter- 
minal center  of  St.  Louis. 

We  found  the  motor  truck  to  be  an  improvement  over 
teams  in  the  saving  of  time,  but  it  did  not  prove  an 
economical  method,  due  chiefly  to  the  enforced  loss  of 
time  during  the  loading  and  unloading  operations.  While 
the  speed  of  the  motor  truck  was  considered  absolutely 
essential  to  meet  the  growing  requirements  of  our  busi- 
ness, it  was  considered  equally  essential  to  find  some 
method  that  would  enable  us  to  use  automotive-transpor- 
tation on  an  economical  basis.  Thought  was  turned  to 
the  semi-trailer  idea,  just  as  in  river  transportation  the 
thought  in  recent  years  has  been  along  the  line  of  tow- 
boats  and  barge  service  in  order  that  the  heavy  invest- 
ment in  steamboat  machinery  might  not  be  idle  during 
the  long  time  taken  for  loading  and  unloading.  The 
cost  of  operating  a  railroad  for  freight  purposes,  for 
instance,  would  be  prohibitive  were  it  found  necessary 
to  tie  up  in  idleness  a  locomotive  every  time  a  box  car 
wTas  loaded  or  unloaded. 

A  search  of  the  market  failed  to  disclose  a  semi-trailer 
entirely  practicable  for  the  purpose  of  our  operation. 
There  were  various  types  of  tractor  and  semi-trailer 
successful  enough  when  the  operation  was  limited  to 
pulling,  but  wholly  impractical  in  operations  requiring 
accurate  backing-up,  frequently  under  difficult  conditions, 
such  as  constantly  confront  the  receipt  and  delivery  of 
freight  at  the  platform  of  a  railroad  freight  depot.  The 
difficulty  with  the  semi-trailers  to  be  had  was  the  ab- 
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sence  of  any  method  of  controlling  the  steering  of  the 
semi-trailer  in  reverse  operation.  Therefore,  steps  were 
taken  to  design  a  .semi-trailer  that  would  overcome  this 
disadvantage. 

Four  years  ago  it  was  found  that,  with  a  few  minor 
changes,  a  certain  semi-trailer  could  be  constructed  so 
as  to  meet  our  requirements  fully.  We  began,  as  an 
experiment,  with  one  tractor  and  three  semi-trailers  and 
the  trial  proved  so  successful,  practical  and  economical 
that  4  additional  tractors  and  12  additional  semi-trailers 
were  ordered  immediately.  Upon  further  experiment,  we 
determined  upon  a  policy  of  displacing  our  teams  and 
truck  equipment  with  tractor  and  semi-trailer  equipment 
as  rapidly  as  circumstances  would  permit.  At  that  time  we 
had  in  service  600  horses,  350  stake  wagons  and  72  motor 
trucks  with  a  capacity  of  5  tons  each.  As  against  5  trac- 
tors and  15  semi-trailers  in  use  2  years  ago,  we  now  have 
in  operation  56  tractors  and  168  semi-trailers,  with  some 
of  the  teams  and  motor-truck  equipment  yet  to  be  dis- 
placed, as  200  wagons  and  55  motor  trucks  are  still  being 


Fig.  1 — Coupling  Device  Employed  To  Connect  the  Tractor  and 
the   Semi-Trailer 

operated  and  17  of  the  72  motor  trucks  operated  2  years 
ago  have  been  converted  into  tractors  at  our  own  shops. 

Tractor  and  Semi-Trailer  Operation 

Not  being  an  engineer,  I  am  unable  to  give  a  technical 
description  of  the  semi-trailers  we  used,  but  I  shall 
endeavor  to  describe  briefly  how  they  work  and  point 
out  their  utility  and  adaptability  in  the  transportation 
of  merchandise.  For  efficient  operation  they  should  be 
loaded  dead ;  that  is,  the  tractor  during  the  loading  and 
unloading  of  semi-trailers  should  be  engaged  in  the.  haul- 
ing of  other  semi-trailers  under  load.  Each  semi-trailer 
stands  as  a  unit  on  four  wheels  while  being  loaded  and 
unloaded  and,  when  ready  to  move,  the  coupling  of  trac- 
tor and  semi-trailer  is  done  instantaneously  and  auto- 
matically, being  controlled  by  the  chauffeur  while  in  his 
seat  in  the  cab.  The  same  operation  automatically  re- 
leases the  brakes  and  elevates  the  front-end  supporting- 
wheels  of  the  semi-trailer,  the  load  in  motion  thus  being 
on  six  wheels,  the  four  wheels  of  the  tractor  and  the  two 
rear  wheels  of  the  semi-trailer.  These  semi-trailers  are 
equipped  with  internal  expanding  drum-brakes  that  auto- 
matically control  them  while  in  process  of  coupling  or 
uncoupling  with  the  tractor,  as  well  as  preventing  them 
from  over-running  the  tractor  when  descending  a  grade 
or  making  a  stop  on  the  level.  The  coupling  of  tractors 
and  semi-trailers  is  illustrated  in  Figs.  1  to  3,  showing 
the  equipment  in  our  service.    Fig.  1  shows  the  coupling 


Pig.  2 — A  Tractor  and  a   Semi-Trailer  About  To  Be  Coupled 

device  of  a  tractor  and  a  semi-trailer;  Fig.  2  illustrates 
a  tractor  and  a  semi-trailer  about  to  be  coupled;  and 
Fig.  3  is  a  view  of  the  tractor  and  the  semi-trailer  when 
coupled. 

During  the  operation,  the  tractor  chauffeur  remains  in 
his  seat;  the  coupling  is  done  automatically.  The  trac- 
tor, backing-up,  lifts  the  front  end  of  the  trailer  by  en- 
gaging the  guide  wheel  with  the  mounting  tracks,  then 
locks  the  trailer  to  the  fifth-wheel  coupling-device  on  the 
tractor  chassis.  The  same  operation  automatically  re- 
leases the  brake  and  elevates  the  supporting  wheels  of 
the  trailer.  The  whole  operation  can  be  reversed  by 
pulling  a  lever  in  the  chauffeur's  cab. 

Experience  has  proved  to  us  the  advantages  of  the 
semi-trailer  over  motor  trucks  operated  under  similar 
conditions.  Our  records  show  that  the  average  daily 
mileage  of  our  5-ton  motor-truck  was  not  over  20  miles 
and,  moving  at  10  m.p.h.,  which  is  about  the  limit  of 
speed  that  can  be  maintained  on  frequented  city  streets, 
they  were  in  actual  productive  service  only  2  hr.  daily, 
the  other  6  hr.  of  a  business  day  being  consumed  in  their 
loading  and  unloading  operations.  By  operating  on  one 
tractor  to  three  semi-trailers,  one  semi-trailer  is  being 
loaded,  one  is  being  unloaded  and  one  is  in  transit,  except 
that  we  unload  semi-trailers  alive  at  the  outbound  rail- 
road-depots to  check  the  delivery  of  each  shipment  and 
get  a  proper  receipt  thereon.  The  idleness  of  the  tractor, 
which  represents  the  considerably  heavier  portion  of  the 
investment,  has  been  reduced  by  us  to  a  minimum. 

Off-Track  Station  Construction 

When  we  decided  to  standardize  on  semi-trailers,  we 
proceeded  as  rapidly  as  possible  to  fit  that  class  of  equip- 
ment to  our  business  and  our  business  to  that  equipment. 


'w^^raj*-^ 


Fig.    3 — The   Tractor    and   the    Sem  [-Trailer   Coupled    Together 

*nd   the   Auxiliary   Front   Axle   and    Pair   op   Wheels   of  the 

Latter   Raised 


Vol.   XII 


May,   1923 


No.  5 


±70 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Our  facilities  were  originally  built  for  the  handling 
of  business  by  teams,  and  it  was  necessary  to  make  altera- 
tions in  some  of  them  so  as  to  afford  the  full  measure 
of  economy  in  the  use  of  semi-trailer  equipment.  As 
new  facilities  are  built,  the  best  points  obtainable  from 
a  thorough  survey  of  modern  freight  terminals  are  being 
incorporated  in  their  construction,  together  with  im- 
provements suggested  by  our  experience  in  the  operation 
of  tractor  and  semi-trailer  equipment. 

To  give  an  idea  of  the  plan  of  construction  of  new  facil- 
ities, the  Sixth  street  inbound-depot  building  is  30  ft.  back 
from  the  building  line  on  Sixth  Street  and  15  ft.  from  a 
public  alley  on  the  west,  permitting  the  dropping  of  trail- 
ers on  either  side  and  of  their  being  unloaded  there  dead 
without  interference  to  pedestrians  or  vehicular  traffic. 
Loaded  semi-trailers  are  dropped,  those  containing  mixed 
shipments  being  unloaded  on  the  platform  for  delivery 
to  the  various  consignees.  Straight  loads  and  large  lots 
for  one  consignee  are  left  on  semi-trailers  and  delivery 
is  made  therefrom  to  the  vehicle  of  consignee. 

Fig.  4  illustrates  the  11th  Street  outbound  depot  and 
semi-trailers  in  process  of  loading.  This  depot  is  con- 
structed with  a  view  toward  affording  across-platform 
movement  of  freight ;  that  is,  the  handling  of  consign- 
ments from  the  shipper's  vehicle  across  the  depot  plat- 
form to  semi-trailers.  Frequently,  shipper's  vehicles  pull 
alongside  of  semi-trailers  and  the  transfer  of  shipments 
is  made  direct  from  one  vehicle  to  the  other.  An  out- 
standing feature  of  this  depot  is  its  immense  paved  drive- 
way, 60  ft.  in  width  and  extending  through  the  entire 
block  length  of  the  structure.  This  driveway  is  inter- 
sected at  the  middle  by  a  40-ft.  paved-driveway  between 
the  two  units  of  the  building,  making  available  for  the 
use  of  shippers,  in  the  delivery  of  their  outbound  freight, 
four  immense  platforms  having  an  aggregate  length  of 
740  ft.  and  being  30  ft.  wide,  a  width  determined  upon 
as  contributing  best  to  the  expeditious  handling  of 
freight. 

This  depot  is  operated  on  the  four-dump  plan,  each 
one  of  the  platforms  being  set  aside  for  the  receipt  of 
freight  for  a  specified  group  of  railroads.  Thus,  while 
the  depot  is  universal  and  receives  freight  for  all  rail- 
roads, this  plan  of  operation  permits  the  greatest  possi- 
ble dispatch  in  handling  outbound  freight,  reducing  to 
a  minimum  the  time  required  for  the  passage  of  freight 
through  the  depot  to  our  equipment,  and  thence  to  the 
railroad  that  is  to  transport  it  to  its  final  destination. 
Shipper's  vehicles  make  delivery  to  the  platforms  on  the 
inside  of  this  depot,  and  shipments  are  trucked  across 
the  platform  to  waiting  semi-trailers  that  are  loaded 
simultaneously.  Semi-trailers  loaded  at  this  depot  are 
usually  straight  loads  for  one  railroad;  that  is,  while 
the  load  may  consist  of  anywhere  from  1  to  100  ship- 
ments, from  perhaps  as  many  shippers,  they  are  all  for 
movement  over  the  same  railroad.  At  our  smaller  off- 
track  outbound  depots,  it  is  not  always  possible  to  con- 
fine the  loading  of  each  semi-trailer  to  consignments 
routed  by  way  of  one  railroad  without  holding  ship- 
ments until  a  capacity  load  is  accumulated.  This  would 
impair  the  service  to  our  patrons  by  delaying  the  deliv- 
ery of  shipments  to  the  railroad  and,  in  these  circum- 
stances, shipments  for  two  or  more  railroads  are  loaded 
on  a  semi-trailer.  When  it  is  necessary  for  us  to  load 
shipments  for  two  or  more  roads  on  a  semi-trailer,  it  is 
reflected  in  an  increase  in  our  hauling  cost  per  ton. 

Handling  Semi-Trailers  at  Railroad  Depots 

At  outbound  railroad-depots,  semi-trailers  are  unloaded 
alive  to  check  the  delivery  of  each  shipment  and  get  a 


proper  receipt  thereon.  At  inbound  railroad-depots  a 
supply  of  semi-trailers  sufficient  for  their  requirements 
is  placed  daily  at  the  platforms  of  most  of  the  depots  in 
East  St.  Louis,  111.,  our  representative  giving  a  receipt 
to  the  railroad  for  each  shipment  as  it  is  loaded  and,  as 
each  loaded  semi-trailer  is  pulled  from  the  depot  plat- 
form during  the  day,  an  empty  one  is  immediately 
dropped  in  its  place,  thus  making  our  semi-trailer  equip- 
ment always  available  for  loading.  We  are  extending 
this  service  to  the  other  railroads  as  fast  as  new  semi- 
trailer equipment  is  received. 

This  ever-ready  supply  of  our  semi-trailers  is  particu- 
larly advantageous  to  the  railroads,  as  the  trailers  prac- 
tically increase  the  depot  platform  area  and,  because  of 
their  availability,  this  permits  the  transfer  of  merchan- 
dise shipments  direct  from  freight  cars  thereto,  thus 
effecting  a  material  reduction  in  the  railroad  labor  cost 
of  handling  per  ton.  In  this  respect  our  semi-trailer  has 
a  distinct  advantage  over  removable  truck  bodies,  in  that 
they  occupy  driveway  space  adjacent  to  the  depot  plat- 
form ;  whereas,  removable  truck  bodies  occasion  an  ex- 
cessive demand  upon  platform  space  which  is  the  most 
valuable  and  the  most  urgently  needed  space  about  a 
freight  depot. 

Tractor  and  Semi-Trailer  Movement-Control 

When  a  semi-trailer  is  loaded  at  one  of  our  universal 
outbound  depots,  it  is  picked-up  by  a  tractor  and  moved 
to  the  on-track  outbound-depot  of  the  railroad  and,  after 
it  has  been  unloaded  there  by  the  chauffeur  and  his 
helper,  it  is  then  placed  at  the  inbound-depot  platform 
of  the  railroad  for  reloading  and  the  tractor  proceeds 
to  pick  up  another  loaded  semi-trailer.  The  distribu- 
tion of  tractors  for  the  hauling  of  loaded  semi-trailers, 
and  the  placing  of  additional  light  semi-trailers  for  load- 
ing during  the  day  at  depots  where  they  may  be  needed 
at  the  time,  is  controlled  from  our  general  office  through 
an  efficient  dispatching  system.  We  have  a  dispatcher  in 
East  St.  Louis,  111.,  and  a  chief  dispatcher  in  St.  Louis; 
each  semi-trailer  is  reported  to  them  as  soon  as  loading 
is  completed. 

As  each  tractor  chauffeur  leaves  a  depot  with  the  first 
loaded  semi-trailer  in  the  morning,  the  depot  so  reports 
to  the  dispatcher  in  St.  Louis  or  East  St.  Louis,  111.,  ac- 
cording to  the  location  of  the  depot  from  which  the  start 
is  made,  giving  the  name  of  the  chauffeur,  the  tractor 
number  and  the  depot  to  which  the  load  is  destined. 
This  information  is  immediately  exchanged  between  the 
dispatchers,  whereupon  the  chief  dispatcher  makes  up 
a  daily  operating  card  for  each  tractor  chauffeur,  upon 
which  is  recorded  his  operations  currently  throughout  the 
day;  information  thereon  being  telephoned  over  a  private 
wire  to  the  dispatchers  by  the  depots.  These  daily  oper- 
ating cards  are  kept  by  the  chief  dispatcher  according 
to  the  district  to  which  tractor  chauffeurs  have  loads, 
so  that  he  may  know  at  all  times  each  and  every  tractor 
that  is  en  route  to  each  depot  in  each  district.  The  loca- 
tion of  every  tractor  and  semi-trailer  being  thus  at  all 
times  definitely  known  to  the  chief  dispatcher,  when  a 
semi-trailer  is  loaded  and  ready  to  be  moved,  or  when 
an  empty  semi-trailer  is  needed  at  any  particular  depot, 
he  can  place  his  hand  on  the  tractor,  so  to  speak,  and 
assign  it  to  the  required  service  without  delay. 

Weight  and  Protection  of  Loads 

The  average  loading  of  our  semi-trailers  is  12,000  lb. 
which,  on  outbound  loads,  consist  on  an  average  of  con- 
signments from  20  different  shippers  and,  on  inbound 
loads,  shipments  for  25  different  consignees.    In  the  con- 
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solidation  thereof  on  our  9-ton-capacity  semi-trailers, 
congestion  at  on-traek  depots  is  avoided  by  the  reduced 
number  of  vehicles  they  have  to  serve  at  their  platform 
doors.  Street  traffic  is  also  reduced  by  the  displace- 
ment of  individual  conveyances  of  small  capacity  in  the 
haul  between  the  shipper  and  the  railroad.  We  use  on 
our  semi-trailer  equipment  a  stake  wagon-body  8  ft.  x 
16  ft.  with  a  waterproof  canvas  cover,  known  as  a  "house 
top,"  which  is  spread  in  bad  weather  for  the  protection 
of  shipments.  Fig.  5  shows  a  loaded  semi-trailer  with 
the  "house  top"  spread. 

We  have  found  that  this  cover,  when  properly  ad- 
justed, affords  ample  protection  to  the  load  under  all 
weather  conditions,  the  instances  of  damage  to  ship- 
ments by  bad  weather  being  negligible.  In  fact,  damage 
to  shipments  from  all  causes,  those  sustained  in  our  depot 
handling  as  well  as  while  in  transit  on  our  vehicles,  for 
a  period  of  3  years  was,  on  outbound  traffic,  but  0.0027 
per  cent  and,  on  inbound  business,  0.0031  per  cent  of  the 
revenue  earned.  As  compared  with  a  closed  body,  the 
stake  body  affords  more  elasticity  and  density  of  loading 
as  well  as  avoids  the  stifling  heat  of  which  labor  com- 
plains in  the  loading  of  closed  bodies  during  the  summer 
months. 

Distance  of  Haul  and  Economy  of  Operation 

The  distance  of  haul  between  our  universal  off-track 
depots  and  the  on-track  depots  of  the  railroads  on 
St.  Louis  merchandise,  and  between  the  on-track  depots 
of  the  railroads  on  interchanged  shipments  destined  to 
points  beyond  St.  Louis,  is  from  1  to  3  miles;  between 
these  facilities,  an  average  of  from  60  to  75  of  our 
vehicles  under  load  are  in  transit  every  hour  throughout 
the  day. 

By  the  use  of  tractor  and  semi-trailer  equipment,  we 
have  accomplished  the  greatest  aim  in  efficient  hauling; 
that  is,  a  reduction  in  the  hauling  cost  per  ton.  As  com- 
pared with  motor  trucks  in  similar  service,  by  the  use  of 
tractor  semi-trailer  equipment  the  cost  per  ton  on  our 
hauling  operations  has  been  reduced  50  per  cent. 

The  principal  advantages  in  the  use  of  tractor  semi- 
trailer equipment  that  have  contributed  thereto  can  be 
summed  up  briefly  as  follows: 

(1)  A  larger  quantity  of  freight  is  transported  on  each 
load,  as  a  3-ton  tractor  can  pull  a  9-ton  loaded 
semi-trailer 

(2)  One  tractor  serves  for  three  carrying  units,  each 
one  of  treble  the  ordinary  capacity 

(3)  Constant  production  by  the  major  part  of  the  in- 
vestment represented  in  the  tractor  because  of  its 
not  standing  idle  during  the  process  of  loading  and 
unloading 

(4)  Waiting  semi-trailers,  enabling  uninterrupted  and 
diversified  loading 

(5)  Saving  of  valuable  depot-platform  space  because 
of  the  ever  present  loading  facilities  provided  by 
the  semi-trailers 

(6)  Decrease  in  insurance  due  to  the  absence  of  fire 
hazards,  as  semi-trailers  loaded  with  merchandise 
are  parked  overnight  in  buildings  containing 
other  merchandise,  with  no  increase  in  insurance 
on  building  or  contents.  This  is  not  possible  with 
motor  trucks,  as  the  presence  of  fuel  therein  cre- 
ates a  fire  risk  that  most  insurance  companies  will 
not  underwrite 

(7)  Decrease  in  garage  space,  it  being  necessary  to 
keep  in  a  garage  only  the  tractors,  the  average 
overall  length  of  which  is  12  ft.  each;  empty  semi- 
trailers do  not  require  housing. 

(8)  An  avoidance  of  idle  time  for  a  chauffeur,  because 


Fie;,    t     ''m:  in'  the  (  ii'thiii'nii  Freight   Depots  and  a  Nombek  op 
Semi-Trailers   Being  Loaded 

a  loaded  semi-trailer  is  ready  when  he  reports  in 
the  morning.  He  couples  his  tractor  thereto  and 
proceeds  with  the  load;  in  like  manner  he  is  con- 
tinuously engaged  throughout  the  day 

Selling   Transportation 

Tractors  and  semi-trailers  are  now  used  in  the  trans- 
portation of  intra-terminal  merchandise  at  several  cities 
other  than  St.  Louis,  but  their  possibilities  in  that  ser- 
vice, as  well  as  their  use  as  a  means  of  effecting  economies 
in  the  performance  of  other  service  that  the  railroads 
are  now  rendering,  are  not  realized  fully  by  those  most 
interested,  the  builders  and  operators  of  automotive 
equipment.  This  applies  also  to  the  extension  of  the  use 
of  automotive  equipment  in  commercial  hauling. 

Producers  and  operators  of  automotive  equipment  will 
come  to  realize  the  possibilities  of  automotive  transporta- 
tion when  they  sell  transportation  that  fits  the  require- 
ments of  the  service  in  which  it  is  to  be  used  and  that 
opens  a  field  for  "transportation  engineers,"  men  who, 
through  experience,  are  competent  to  analyze  each  haul- 
ing problem  as  it  is  presented. 

The  character  of  the  commodity  to  be  transported,  the 
loading  and  unloading  facilities,  the  size  and  weight  of 
loads,  the  distance  of  haul,  the  number  of  points  of  de- 
livery and  the  highway  conditions,  are  a  few  of  the 
primary  factors  that  the  transportation  engineer  must 
study  and  analyze  before  deciding  on  the  automotive 
hauling  unit  best  fitted  for  a  particular  service. 

The  motor  truck  of  today  has  its  place  in  transporta- 
tion from  which  it  cannot  be  displaced  but,  due  to  its 
construction,  it  has  its  limitations  as  an  economic  hauling 
unit.  Automotive  equipment  involves  investment  main- 
tenance, depreciation,  chauffeur's  wages,  garage  rent  and 


Fig.    5 — A   Loaded    Semi-Trailer   with    the    "House   Top"    Spread 
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various  other  overhead  expenses.  All  of  these  items 
represent  a  loss  in  proportion  to  the  idleness  of  the  in- 
vestment, the  major  part  of  which  is  in  the  engine;  it 
follows,  therefore,  that  in  proportion  to  the  reduction  of 
the  idleness  of  the  engine  there  is  an  increase  in  the 
efficiency,  with  a  decrease  in  the  hauling  cost  per  ton. 
The  engine  being  an  integral  part  of  a  motor  truck,  it 
is  impossible  to  eliminate  its  idleness;  whereas,  with 
semi-trailers,  it  is  possible  to  do  away  with  engine  idle- 
ness during  loading  and  unloading  and  this  should  resulc 
in  a  decrease  in  the  hauling  cost  per  ton.  Moreover, 
two-thirds  of  the  hauling  power  of  an  engine  is  wasted 
when  it  is  used  as  a  carrying  unit,  as  in  the  case  of  a 
motor  truck.  On  the  other  hand,  semi-trailers  afford  a 
means  of  overcoming  lost  time  and  lost  capacity,  with  a 
corresponding  reduction  in  the  investment,  as  one  tractor 
and  three  semi-trailers  represent  only  one-half  the  in- 
vestment in  three  motor  trucks. 

The  field  for  the  more  extensive  use  of  automotive 
transportation  has  many  possibilities,  some  of  which  I 
know  are  now  being  given  close  study.  The  more  im- 
portant benefits  are  summarized  as  follows: 


(1)  In  the  correlation  of  railroad  and  automotive 
transportation  is  afforded  the  solution  of  adequate 
terminals  in  large  cities  as  has  been  demonstrated 
in  St.  Louis 

(2)  Less-than-carload  traffic  interchanged  between 
railroads  at  terminal  centers  can  be  handled  more 
economically  by  automotive  transportation  than  by 
rail  carriage 

(3)  Universal  off-track  depots,  which  can  be  con- 
structed in  industrial  districts  within  large  cities 
at  locations  that  would  be  inaccessible  if  not  pro- 
hibitive by  the  cost  of  the  right-of-way  to  reach 
them  by  rails,  serve  the  raih-oads  and  the  business 
community  better  than  would  on-track  depots 

(4)  In  the  correlation  of  railroad  and  automotive 
transportation,  the  use  of  tractor  semi-trailer 
equipment  improves  the  service  and  reduces  the 
hauling  cost  per  ton 

(5)  The  extension  of  automotive  transportation  as  an 
efficient  hauling  medium,  in  conjunction  with  the 
railroads  and  in  commercial  service,  depends  upon 
how  well  the  equipment  is  fitted  to  accomplish  the 
service  for  which  it  is  to  be  used 


RECORD  PRODUCTION  OF  PORTLAND  CEMENT 


ONE  of  the  most  impressive  features  of  the  year  1922  in 
an  economic  sense  was  the  unparalleled  activity  of  the 
cement  industry  in  the  United  States  with  its  record-break- 
ing figures  for  the  year's  production  and  consumption  of 
Portland  cement.  These  phenomena  were,  of  course,  entirely 
in  harmony  with  the  exceptional  scale  of  building  operations 
and  of  road-building  and  other  construction  work  in  the 
Country  during  the  past  12  months;  but  none  the  less  it  is  a 
very  striking  fact  that  the  cement  industry  alone  among  the 
major  industries  of  the  United  States  should  have  experi- 
enced in  1922  far  and  away  the  best  year  in  its  history.  Ac- 
cording to  the  statistics  of  the  production,  shipments  and 
stocks  of  Portland  cement  that  are  compiled  monthly  by  the 
United  States  Geological  Survey,  under  the  direction  of 
G.  F.  Loughlin,  the  total  production  in  1922  was  113,870,000 
bbl..  as  compared  with  98,293,000  bbl.  produced  in  1921,  an 
increase  for   1922  over   1921  of  15,577,000  bbl.,  or  15.8  per 


cent.  Up  to  1922,  the  record  year  for  Portland  cement  pro- 
duction in  the  United  States  was  1920,  with  a  total  output 
of  100,023,245  bbl.;  but  this  output  was  exceeded  in  1922  by 
approximately  13,847,000  bbl.,  or  13.8  per  cent. 

Perhaps  even  more  remarkable  than  the  1922  production  of 
Portland  cement  were  the  year's  shipments  from  the  manu- 
facturing establishments,  such  shipments,  of  course,  roughly 
measuring  the  year's  consumption.  The  1922  shipments  to- 
taled 116,563,000  bbl.,  as  compared  with  95,051,000  bbl. 
shipped  in  1921,  the  gain  in  shipments  in  1922  compared 
with  1921  being  21,512,000  bbl.,  or  22.6  per  cent.  It  further 
appears  from  the  figures  that  the  shipments  of  Portland  ce- 
ment in  1922  exceeded  the  year's  unprecedented  production 
by  2,693,000  bbl.,  with  the  result  that  the  stocks  at  manu- 
facturing establishments  at  the  end  of  the  year  were  smaller 
by  this  amount,  equivalent  to  23  per  cent,  than  they  were 
at  the  end  of  1921. — Economic  World. 


THE  PRODUCTION  ENGINEER 


T\/f  \NUFACTURING  conditions  have  changed  greatly  in 
^v*  the  last  decade,  and  during  this  period  labor  costs  have 
increased  considerably.  It,  therefore,  is  more  necessary 
than  was  the  case  in  the  past  for  every  effort  to  be  made  to 
place  production  on  a  scientific  basis  and  to  raise  the  status 
of  those  persons  who  are  directly  responsible  for  manu- 
facture. 

There  is  no  doubt  that  the  successful  executive  in  in- 
dustry must  be  a  person  of  good  education.  An  educated 
mind,  capable  of  logical  thought  and  with  orderly  mental 
processes,  is  an  essential  in  any  position  of  responsibility. 
To  this  must  be  added  a  full  and  thorough  knowledge  of 
both  engineering  design  and  the  principles  of  efficient  pro- 
duction. 

Too  much  importance  cannot  be  attached  to  the  training 
of  apprentices  and  young  engineers  generally.     Five  years' 


practical  experience  in  the  workshops  is  not  a  day  too  long 
for  any  youth  who  desires  to  master  the  rudiments  of 
modern  engineering  production,  which  tends  to  become  more 
and  more  complicated. 

A  phase  of  engineering  education  that  appears  to  be 
almost  entirely  neglected  is  that  relating  to  knowledge  of 
organization  and  administration.  Apart  from  technical 
literature,  such  as  periodicals  and  books  by  specialists,  the 
younger  generation  of  engineers  is  offered  no  tangible  means 
of  obtaining  an  insight  into  such  matters  as  efficient  pro- 
cedure in  the  cost  office,  purchasing  department  and  similar 
sections  of  the  modern  works.  Practical  experience  of  these 
departments  is  of  prime  importance,  but  as  a  general  rule 
it  is  extremely  difficult  for  apprentices  to  get  any  definite 
instruction  on  the  matters  mentioned  above. — Engineering 
Production   (London). 
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The  Engineering  Aspects  of  Traffic 


By  William  P.  Eno' 


Washington  Section  Paper 


THE  author  outlines  general  and  special  highway- 
traffic  regulations  with  regard  to  their  application, 
stating  that  the  general  regulations,  which  have  been 
codified,  should  be  standardized,  and  that  as  many  as 
possible  of  the  special  regulations  should  be  made  uni- 
form as  time  elapses.  Among  the  engineering  prob- 
lems mentioned  are  the  cutting-off  of  street  corners  on 
.  a  proper  radius,  the  location  of  car-tracks,  the  widen- 
ing of  streets,  the  relation  of  the  streets  to  the  width 
of  the  sidewalks  and  their  capacity  to  carry  a  given 
number  of  lines  of  vehicles  without  wasting  space. 
Other  subjects  for  engineering  effort  include  the  de- 
sign of  street  intersections  for  new  streets,  the  loca- 
tion of  lights,  trees  and  culverts,  and  the  reformation 
of  streets  that  were  laid  out  before  any  thought  was 
given  to  street-traffic  regulations.  References  are 
made  to  more  lengthy  discussions  of  the  subject. 

ALTHOUGH   it  had   been   apparent  for  10   years  or 

/\  more  to  the  few  who  were  then  making  a  study 
X  ^.  of  traffic  regulation  that  the  engineering  side 
of  traffic  was  bound  to  be  of  supreme  importance  in  the 
future,  it  was  not  until  1914  that  the  attention  of  the 
general  public  was  attracted  to  this  point  through  an 
article  entitled  The  Science  of  Street  Traffic."  In  re- 
ferring to  the  fact  that  street-traffic  regulation  had  ex- 
isted for  only  about  10  years,  the  article  said:  "Since 
then  the  advantages  of  regulation  have  become  so  ap- 
parent that  civil  engineers  are  turning  their  attention 
to  the  problem  and  are  making  a  profession  of  it." 

It  is  beginning  to  be  realized  that  the  police  depart- 
ment or  boards  of  aldermen  of  the  various  cities  and 
towns  should  not  be  allowed  to  make  their  own  general 
highway-traffic  regulations,  because  this  practice  has  re- 
sulted in  confusion  and  lack  of  uniformity,  bringing  about 
a  much  larger  number  of  accidents  than  would  have  been 
the  case  had  the  regulations  been  the  same  all  over  the 
Country. 

General  highway-traffic  regulations  are  those  that  are 
suitable  for  the  largest  city,  but  they  contain  nothing 
superfluous  for  the  smallest  village,  and  these  are  the 
only  regulations  that  any  attempt  should  be  made  to 
standardize.  They  have  been  condensed  into  a  code  which 
is  now  known  as  the  Council  of  National  Defense  Code 
of  General  Highway-Traffic  Regulations.  They  are  short 
because,  if  they  were  not,  people  would  not  read  them. 
They  are  reasonable,  else  they  could  not  be  enforced. 
The  last  resort  of  anything  in  any  free  country  is  public 
opinion,  and,  if  public  opinion  does  not  make  a  law  en- 
forceable, that  law  becomes  a  detriment  and  not  an  ad- 
vantage to  the  Country.  The  Council  of  National  De- 
fense Code  has  been  compiled  by  students  of  traffic  regu- 
lation, many  of  whom  are  engineers  of  distinction,  and 
any  future  revisions  of  the  code  should  be  made  under 
the  direction  of  similar  minds. 

Special  regulations  also  should  be  worked  out  by  tech- 
nical men,  and  as  many  of  these  regulations  as  possible 
should  be  made  uniform  as  time  goes  on.  Absolute  uni- 
formity is,  however,   impossible   in   special   regulations ; 


therefore,  much  of  the  work  must  be  done  through  police 
departments.  But  here,  again,  the  officer  in  charge  of 
traffic  should  be  selected  for  his  natural  traffic-engineer- 
ing ability,  open-mindedness  and  willingness  to  study  and 
experiment  in  order  that  he  may  be  able  to  give  the  best 
results  to  his  town. 

Engineering  Problems 

The  things  that  are  essentially  engineering  problems 
begin,  perhaps,  with  cutting  off  the  corners  of  the  streets 
on  a  scientific  radius  instead  of  by  rule  of  thumb.  The 
locating  of  car-tracks  needs  expert  study,  as  do  the 
widening  of  the  streets,  their  relation  to  the  width  of  the 
sidewalks  and  their  capacity  to  carry  a  given  number 
of  lines  of  vehicles  without  wasting  space. 

The  rotary  system  holds  out  all  sorts  of  advantages 
and  is  probably  the  most  valuable  system  that  has  been  de- 
vised for  the  regulation  of  traffic ;  it  can  solve  many  prob- 
lems that  nothing  else  can.  The  laying-out  of  new  streets 
requires  much  thought  and  consideration  to  decide  ex- 
actly how  their  intersections  should  be  designed.  The 
matter  of  the  location  of  lights,  of  trees  and  of  culverts 
is  of  great  importance,  but  this  is  not  a  difficult  problem 
if  one  keeps  in  mind  the  fact  that  trees,  lights  and  cul- 
verts should  not  be  placed  so  as  to  interfere  with  the  best 
location  of  the  crosswalks. 

We  have  also  the  problem  of  the  streets  that  were 
laid-out  before  any  thought  was  given  to  street-traffic 
regulation  and  have  lamps,  trees  and  culverts  placed  in 
unfortunate  positions.  These  conditions  need  careful 
study  and  the  ability  to  make  the  best  of  a  bad  bargain. 
The  super-elevation  of  roadways  is  now  at  last  scientifi- 
cally begun,  and  the  cross-sectional  slant  of  the  roadway 
to  the  curve  of  the  road  in  relation  to  speed  should  be 
encouraged  as  tending  to  reduce  wear-and-tear  on  both 
the  road  and  the  vehicle  and  to  increase  safety  greatly. 

I  have  mentioned  only  a  few  of  the  more  important 
details,  confining  myself  rather  closely  to  my  own  branch 
of  the  work,  the  handling  of  vehicular  and  pedestrian 
traffic,  and  not  pretending  to  be  competent  to  discuss 
with  any  degree  of  assurance  many  of  the  other  branches 
of  engineering  work  in  relation  to  the  problems  in  road 
and  vehicle  construction  that  form  part  of  this  perhaps 
most  important  subject  of  our  generation,  highways 
transport.  As  we  all  know,  highways  transport  has  now 
passed  the  railroads  in  money  investment  and  within 
a  short  time  may  perhaps  double  that  great  sum. 

By  way  of  caution,  in  the  selection  of  engineers  for 
civic  traffic  structural  problems,  the  many  mistakes  made 
in  the  past  by  those  entrusted  with  such  work  must  be 
kept  in  mind  to  avoid  a  repetition  of  such  costly  blunders 
in  the  future. 

In  the  introduction  of  the  first  book  on  traffic3,  the  fol- 
lowing was  said: 


1  Chairman   of  the  board  of  directors  of  the   Eno  Foundation  for 
Highway-Traffic  Regulation.  City  of  Washington. 

2  See  World's   Work,  February,   1914.   p.    398. 

3  See  Street-Traffic  Regulation,  by  William  P.  Eno. 


Unless  the  height 
or  by  taxation  in  pr 
combination  of  the 
plan  for  undergroun 
galleries  be  adopted 
work  is  undertaken, 
tions  or  enforcement 
the   natural   increase 


of  buildings  is  regulated  by  law, 
oportion  to  their  height,  or  by  a 
two  methods;  unless  a  complete 
d  rapid-transit,  sewers  and  pipe 
before  more  obstructive  subway 
no  street-traffic  rules  or  regula- 
of  them  can  possibly  provide  for 
of  surface  traffic,   either  on   the 
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sidewalks  or  on  the  roadways  of  New  York  City.  What 
would  have  cost  practically  nothing  but  a  little  fore- 
thought a  few  years  ago,  will  now  require  tens  and, 
if  continued,  hundreds  or  perhaps  thousands  of  mil- 
lions of  dollars  eventually.  It  is  the  old  story  of  a 
"stitch  in  time  saves  nine";  it.  is  also  a  serious  reflec- 
tion on  the   intelligence  of  the  citizens   of   New  York 


•  See  the   Science  of  Higrhway-Traffie  Regulation,   by  William  P. 
Eno  ;  particularly  Parts  6  to  9   inclusive. 


City  that  they  have  not  sooner  taken  sufficient  interest 
in  these  matters  of  civic  government  and,  by  blotting 
out  corrupt  politics  and  appointing  decent  men,  run- 
ning their  city  on  business  principles,  avoided  such 
costly  blunders. 

Other  details  as  to  the  engineering  aspects  of  traffic 
can  be  found  in  a  book*  published  in  1920.  These  refer- 
ences are  given  as  time  will  not  permit  a  more  lengthy 
discussion  of  this  complicated  subject. 


HIGHWAY  AND  TRAFFIC  RECOMMENDATIONS 


SOME  of  the  recommendations  made  by  T.  J.  Wasser,  State 
Highway  Engineer  of  New  Jersey,  and  president  of  the 
American  Road  Builders'  Association,  in  an  address  before 
the  Thirteenth  American  Good  Roads  Congress,  Chicago, 
Jan.  16,  1923,  are  of  interest  to  the  members.  These  recom- 
mendations were  that 

The  minimum  graded-width  of  all  main  highways  be 
not  less  than  30  ft. 

This  graded-width  be  kept  clear  of  all  encroach- 
ments. 

All  traffic  rules  be  made  uniform. 

A  system  of  marking  one-way  streets  be  adopted, 
which  will  be  uniform  as  to  the  type  and  the  location 
of  the  markers. 

It  is  desirable  to  standardize  all  directionary  and 
cautionary  signs  as  to  their  color  and  marking,  and 
that  posting  signs  other  than  directionary  and  caution- 
ary on  the  right-of-way  be  made  unlawful  and  subject 
to  a  fine  for  each  offense. 

The  erection  of  signs  on  property  abutting  on  the 
highway  at  curves,  railroad  crossings  and  intersections 
be  discontinued,  where  such  oigns  would  obstruct  the 
view  of  those  using  the  highway. 

It  is  desirable  to  standardize  the  colors  to  be  used  for 
the  degree  of  danger  where  illuminated  signs  are  used; 
for  instance,  red  at  a  railroad  crossing  or  dead  ends 
of  highway,  green  for  highway  intersections  and  amber 
for  grades  and  curves. 

A  uniform  traffic-regulation  be  adopted  for  intersect- 
ing highways  to  be  in  effect  in  the  absence  of  traffic 
officers. 

A  uniform  maximum-height,  width  and  length  of 
vehicle  be  adopted. 

A  uniform  gross-weight  of  vehicle  and  load  for  each 
class  of  commercial  motor  vehicle  be  established. 

All  gas-filling  stations  be  located  on  property  abut- 
ting on  the  highways,  and  not  on  the  right-of-way;  and 
all  such  stations  shall  display  a  visible  tag  on  each 
pump,  which  shall  be  placed  there  by  the  State  Depart- 
ment of  Weights  and  Measures  certifying  as  to  the 
accuracy  of  said  measuring  device. 

The  parking  of  vehicles  on  both  sides  of  a  highway 
opposite  each  other,  where  a  minimum  distance  of  20 
ft.  between  the  vehicles  is  not  provided,  be  considered 
a  nuisance  and  be  made  punishable  by  a  fine. 

The  erection  of  all  booths  and  stands  for  the  sale  of 
goods,  as  well  as  the  displaying  of  farm  produce  in  con- 
tainers, within  the  right-of-way  be  prohibited,  and 
also  the  use  of  vehicles  for  retailing  wares  along  the 
highway  where  such  practice  would  cause  persons  to 
congregate  on  the  paved  portion  be  prohibited. 

A  uniform  penalty  for  operating  a  defective  motor- 
vehicle  on  the  highway  be  provided,  it  being  alleged 
that  tail-lamps  frequently  fail  to  function  due  to  the 
wires  having  been   damaged  by   abrasion   or  exposure 


to  splashing  water,  and  broken  or  improperly  adjusted 
brakes  and  badly  worn  tires  being  mentioned. 

Legislation  be  enacted  to  provide  against  motorists 
running  past  barricades  on  roads  under  construction 
and  destroying  unfinished  work. 

Sidewalks  be  provided  for  the  use  of  pedestrians 
along  the  highway  adjacent  to  built-up  communities. 

Pedestrians  using  the  highways  in  the  open  country 
shall  walk  to  the  left  and  that  operators  of  all  vehicles 
drive  to  the  right. 

When  one-piece  shipments  that  exceed  the  maximum 
weight-allowed  by  law  are  made,  they  shall  be  shipped 
on  specially  built  vehicles  designed  to  distribute  the 
load  in  a  manner  consistent  with  legal  requirements; 
and  only  after  obtaining  permission  from  an  author- 
ized source. 

Uniform  distinctions  be  made  between  maintenance, 
betterment  and  reconstruction  in  order  that  compari- 
sons may  be  made. 

Motor-vehicle  taxation  or  license-fees  be  not  greater 
than  are  required  to  provide  the  sum  necessary  for  the 
maintenance  of  the  highways. 

Overloaded  trucks  operating  on  the  highways  be 
seized  and  held  for  a  period  of  not  less  than  5  days, 
stored  at  the  owner's  risk  and  expense  and  the  owner 
fined. 

Hauling  companies  who  contract  for  shipments  by 
the  ton,  when  caught  overloading  their  vehicles,  should 
have  their  license  revoked,  in  addition  to  any  other 
penalty. 

All  operators  of  motor  vehicles  be  licensed,  and  pro- 
hibited from  operating  a  vehicle  for  more  than  12  con- 
secutive hr.,  to  be  followed  by  an  8-hr.  rest. 

In  addition  to  any  uniform  motor-vehicle  law  pre- 
viously recommended,  all  applicants  for  a  driver's  li- 
cense or  a  renewal  thereof  be  required  to  submit  a 
physician's  certificate  bearing  a  date  not  more  than 
1  month  earlier  than  the  date  of  the  application.  This 
certificate  should  be  accepted  only  from  designated 
physicians,  and  be  to  the  effect  that  the  applicant  is 
in  fit  mental  and  physical  condition  to  operate  a  motor 
vehicle. 

The  examination  for  a  driver's  license  include  the 
testing  of  ability  to  read  and  write  English,  and  that 
a  license  be  granted  only  to  citizens  of  the  United 
States,  with  provisions  for  tourists  from  other  coun- 
tries. 

The  owners  of  all  motor-vehicles  must  carry  liability 
insurance  for  each  vehicle  operated. 

All  vehicles,  both  motor  and  horse-drawn,  be  equipped 
with  clearance  light  visible  from  the  front  and  the 
rear;  this  light  to  be  of  a  shape  other  than  round, 
located  on  the  extreme  left  side  of  the  vehicle  or  load 
if  over  width,  and  showing  green  in  the  front  and  red 
in  the  rear. 
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Illustrated  with  PHOTOGRAPHS  AND  DRAWINGS 


TRAFFIC  congestion,  the  growing  popularity  of 
closed  cars  and  the  increasing  number  of  motor 
vehicles  used  in  winter  driving  are  some  of  the 
reasons  for  the  insistent  demand  for  electrically  lighted 
stop-signals,  which,  being  entirely  automatic  in  opera- 
tion, require  no  thought  or  action  on  the  part  of  the 
driver.  No  less  than  14  automobile  companies  are  now 
installing  such  signal  systems  as  initial  equipment  on 
their  product,  and  a  number  of  States  have  passed  laws 
making  the  use  of  some  form  of  mechanical  or  electrical 
signal  compulsory  where  arm-signalling  is  impracticable. 
The  advantages  of  such  legislation  as  a  means  of  promot- 
ing safety  to  both  driver  and  pedestrian  are  so  apparent 
that  there  is  little  doubt  that  similar  action  will  be  taken 
by  other  States  where  the  matter  is  now  under  considera- 
tion. Unfortunately,  however,  not  all  of  the  many  signal 
equipments  placed  upon  the  market  have  received  the 
careful  attention  in  design  and  construction  necessary  to 
insure  consistently  satisfactory  performance.  The  field 
has  been  a  new  one ;  in  many  cases  design  has  been  un- 
dertaken without  sufficient  technical  information.  It  is 
the  purpose  of  this  article  to  analyze  the  requirements  of 
a  satisfactory  signal  and  to  suggest  improvements. 

Typical  Signals 

The  simplest  form  of  signal  and  the  one  in  most  com- 
mon use  today,  is  the  so-called  Stop  signal  illustrated  in 
the  upper  left  corner  of  Fig.  1.  This  simply  indicates 
that  the  driver  of  the  car  carrying  the  signal  is  applying 
his  brakes  and  slowing-down.  The  signal  is  operated 
automatically;  probably  the  most  common  form  of  con- 
trol is  by  the  brake  pedal.  This  automatic  control  re- 
lieves the  driver  of  the  necessity  of  extending  his  arm 
or  of  manually  operating  a  signalling  device  when  mak- 
ing a  stop,  which  is  often  so  sudden  as  to  require  his 
entire  attention. 

For  initial  installation  by  the  car  manufacturer,  the 
Stop  signal  is  often  combined  in  one  housing  with  the 
tail-light  as  shown  in  lower  left  corner.  This  combina- 
tion gives  a  unit  of  pleasing  appearance  and  at  the  same 
time  the  cost  is  less  than  for  two  separate  devices.  The 
two  units  operate  independently  of  each  other.  Another 
arrangement  is  the  combination  of  a  Stop  signal  with  a 
parking  lamp  in  one  housing.  This  is  somewhat  similar 
to  the  combined  Stop  signal  and  tail-light  mentioned 
above. 

A  modification  of  the  simple  Stop  signal  is  one  that  in- 
dicates either  Slow  or  Stop,  and  is  illustrated  at  the  right 
hand  upper  corner.  The  Slow  warning  is  lighted  when 
either  the  clutch  or  brake  pedal  is  depressed  and  the  Stop 
replaces  the  Slow  when  both  pedals  are  depressed.  The 
results  obtained  with  this  type  of  signal  depend  in  large 
part  upon  the  driver's  habits.  For  example,  some  drivers 
in  wet  weather,  apply  the  brake  without  releasing  the 
clutch  until  just  before  the  machine  comes  to  a  full  stop; 
the  resulting  indication  is  very  different  from  that  given 

'Engineering  department,  National  Lamp  Works  of  the  General 
Electric  Co.,   Nela   Park,   Cleveland. 


SLOW 


STOP 


Pig.     1 — Typical    Stop    and    Direction    Signals 

That  in  the  Upper  Lett  Corner  Is  Perhaps  the  Most  Generally  Used 
Form  of  Stop  Signal  and  Underneath  Is  a  Combined  Stop  Signal 
and  Tail-Lamp.  The  Device  in  the  Upper  Right  Corner  Is  a  Com- 
bination Slow  and  Stop  Signal,  While  Directly  Underneath  Is  a 
Two-Color  Signal  That  Indicates  Wnether  the  Throttle  Is  Opened 
or  Closed  and  at  the  Lower  Right  Corner  a  Signal  That  Indicates 
the  Direction  of  a  Contemplated  Turn  as  Well  as  the  Application 
of  the  Brakes  Is  Illustrated 

by  the  driver  who  presses  both  brake  and  clutch  pedals 
simultaneously.  The  result  is  that  both  Slow  and  Stop 
must  be  considered  warnings  of  equal  value. 

Another  type  of  signal,  shown  at  right  center,  indi- 
cates whether  the  throttle  is  open  or  closed.  This  signal 
contains  two  lamps  controlled  by  the  accelerator  pedal. 
When  the  pedal  is  depressed,  a  green  signal  at  the  rear  is 
lighted,  and  when  it  is  released  the  green  is  turned  off 
and  a  red  signal  turned  on.  A  disadvantage  of  this  type 
of  signal  is  that  there  is  a  continual  drain  on  the  car 
battery,  for  one  lamp  or  the  other  is  lighted  all  the  time 
the  car  is  in  motion.  The  laws  of  a  few  States,  moreover, 
permit  only  red,  yellow  or  white  lights  tobe  carried  on 
motor  vehicles. 

The  Stop  signal,  while  of  great  value,  does  not  in  all 
cases  give  a  complete  indication  of  the  driver's  inten- 
tions. It  is  desirable  that  when  a  turn  is  contemplated, 
a  signal  of  the  intended  direction  be  given  to  the  driver 
of  the  car  following.     This  is  readily  accomplished  by 
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Fig.    2 — Diffusion   of   Brightness    and    Sparkle   over   the   Lens 
Surface  Depends  upon  the  Type  of  Reflector  Emploted 

The  Inside  oi  the  Housing  at  the  Left  Is  Coated  with  White  Enamel, 
a  Silver-Plated  Reflector  with  an  Improper  Contour  Is  Used  with 
the  Middle  Signal  and  at  the  Right  a  Silver-plated  Parabolic  Re- 
flector with  the  Lamp  Properly  Placed  at  tile  Focus  Is  Used.  A 
Comparison  of  the  Three  Views  Indicates  That  While  the  Light  Is 
Diffused  in  the  Left-Hand  Signal.  There  Is  No  Sparkle  Except 
Directly  from  the  Lamp  Filament :  in  the  Middle  View  the  Bright- 
ness and  the  Sparkle  Are  Uneven  and  Are  Confined  to  a  Portion 
of  the  Lens  Surface  ;  and  at  the  Right  an  Even  Illumination  with  a 
Uniform   Sparkle   Is   Obtained 

the  combination  Stop  and  Direction  signal,  shown  in  the 
lower  right  corner.  Arrows,  illuminated  by  lamps  within 
the  housing,  indicate  the  direction  of  the  intended  turn. 
These  may  be  combined  in  one  unit,  as  shown,  or  may  be 
separated;  an  arrow  is  sometimes  mounted  on  each  rear 
fender. 

The  problem  of  designing  a  method  of  control  for  a 
signal  that  will  indicate  a  contemplated  change  of  direc- 
tion is  much  more  complicated  than  for  a  Stop  signal 
alone.  Systems  of  switch  control  that  are  actuated  by 
the  steering  mechanism  operate  too  late  to  be  of  any 
great  value  to  the  driver  of  the  car  in  the  rear.     It  is 


Fig.   3 — Light  Control  in  a  Stop  Signal  of  Good 
Optical  Design 

desirable  that  even  manually  operated  switches  be  turned 
off  by  some  automatic  means,  thus  relieving  the  driver 
of  the  necessity  of  attending  to  this  detail.  Consider- 
able attention  is  being  given  to  the  problems  which  a 
direction  signal  presents  and  improvements  in  the  switch- 
ing devices  are  constantly  being  made. 

The  early  types  of  signal  were  often  the  creations  of 
incompetent  designer;    and  evidenced  inferior  workman- 


ship; their  only  claim  to  merit  was  low  price.  They  are 
being  gradually  replaced  by  units  which  function  more 
effectively  and  with  entire  reliability. 

The  Stop  signals  of  today  are  most  often  mounted  on 
the  left  rear  fender.  For  best  appearance,  the  top  of 
the  housing  is  usually  placed  level  with  the  top  of  the 
fender. 

Importance  of  Indicator  or  Tell-Tale 

The  driver  installs  a  warning  signal  in  order  that  his 
intentions  will  be  made  known  to  traffic  without  con- 
scious effort  on  his  part.  He  soon  learns  that  his  signal 
operates  effectively  and  grows  accustomed  to  relying  en- 
tirely upon  it.  •  For  this  reason,  it  is  of  the  greatest  im- 
portance that  some  means  be  provided  which  will  inform 
him  unfailingly  every  time  he  uses  his  signal  that  it  is 
operating  properly.  This  assurance  is  obtained  by  a 
small  indicator-lamp,  placed  on  the  instrument-board  or 
dash  in  view  of  the  driver,  which  flashes  or  lights  every 
time  the  signal  operates.  In  recognition  of  the  impor- 
tance of  an  indicator,  the  Connecticut  law  now  requires 
that  a  device  of  this  kind  be  provided  with  electrically 
lighted  rear  signals.  In  the  event  of  a  damage  suit  aris- 
ing from  a  collision,  the  driver's  position  is  materially 
strengthened  if  he  is  sure  that  his  warning  signai  was 
operating  properly. 

CHARACTERISTICS  OF  A   SATISFACTORY  SIGNAL 

A  signal  device  to  give  complete  satisfaction  should 
have  the  following  characteristics: 

(1)  Be  sufficiently  bright  to  compel  attention  in  the 
daytime 

(2)  Not  cause  g-lare  at  night  which  is  so  great  as  to 
interfere  materially  with  the  vision  of  the  driver 
of  the  car  behind 

(3)  The  switching  device  should  operate  so  that  the 
signal  indicates  the  intentions  of  the  driver  of  a 
change  of  speed  or  direction,  or  both,  before  any 
change  has  taken  place 

(4)  It  should  be  provided  with  some  form  of  reliable 
indicator  device  to  keep  the  driver  informed  that  it 
is  working 

(5)  Since  the  prime  function  of  a  signal  device  is  to 
promote  safety,  it  should  be  reliable.  A  minimum 
of  attention  should  be  required  to  keep  it  in  oper- 
ating condition 

(6)  Any  parts  requiring  replacement  should  be  readily 
available 

ESSENTIALS  OF  SIGNAL-SYSTEM  DESIGN 

For  the  signal,  the  21-cp.  headlight  lamp  now  used  on 
all  cars  is  recommended.  The  highly  concentrated  fila- 
ment is  adapted  to  use  with  the  reflector  and  lens  com- 
bination employed  in  signal  devices;  its  brightness  is 
sufficient  for  the  purpose  and  this  brightness  is,  more- 
over, maintained  throughout  the  life  of  the  lamp.  Since 
this  lamp  is  standard  for  headlights,  a  spare  is  usually- 
available  in  the  driver's  kit.  Although  satisfactory  sig- 
nals employing  either  single  or  double-contact  sockets  are 
manufactured,  the  single  contact  is  preferred  because 
under  the  limitations  of  available  space  better  socket  con- 
struction is  possible,  and  because  the  car  frame,  which 
acts  as  the  return  circuit,  has  a  very  low  resistance. 
Moreover,  when  the  single-contact  socket  is  used,  the 
signal  lamp  and  the  standard  headlight  lamp  are  in  gen- 
eral interchangeable. 

For  the  indicator,  the  2-cp.  lamp  of  the  type  used  for 
lighting  the  instruments  is  recommended.  This  lamp 
provides   sufficient  light  for  the  purpose,  consumes  but 
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Pig.  4 — Lens  with  Small  Pyramid-Shaped  Prisms  and  the  Cross- 
Section  of  the  Beam  from  This  Lens  When  the  Proper  Lamp 
and  Reflector   Are  Used 

little  energy,  is  interchangeable  with  other  lamps  on  the 
car,  and  is  a  standard  lamp  regularly  carried  in  stock. 
The  double-contact  socket  facilitates  proper  connection 
in  the  circuit. 

To  provide  effective  illumination  for  daytime  signalling 
it  is  necessary  that  as  much  of  the  light  from  the  lamp  as 
possible  be  confined  within  the  angle  in  which  it  is  in- 
tended that  the  signal  attract  attention.  It  is  essential 
that  an  efficient  reflector  be  provided  behind  the  lamp 
not  only  to  redirect  and  thereby  utilize  the  light  rays 
from  the  lamp  that  are  not  initially  directed  toward  the 
cover  glass,  but  also,  as  will  be  observed  from  a  compari- 
son of  the  three  views  in  Fig.  2,  to  provide  a  uniform 
sparkle  over  the  entire  lens  face.  White  enamel  on  the 
inside  of  the  housing  acts  as  an  efficient  reflector,  but 
light  rays  striking  it  are  diffused,  giving  the  lens  a  life- 
less appearance  except  for  the  sparkle  over  a  small  area 
in  line  with  the  lamp  filament.     The  appearance  as  well 


Fig.  5 — Lens  with  Small  Diamond-Shaped  Prisms  and  the  Cross- 
Section  of  the  Beam  from  This  Lens  When  the  Proper  Lamp 
and  Reflector  Are  Used 

as  the  effectiveness  of  the  signal  may  be  improved 
through  the  use  of  a  reflector  with  a  highly  polished  sur- 
face so  designed  as  to  make  it  possible  to  reflect  images 
of  the  filament  but  slightly  less  brilliant  than  the  fila- 
ment itself  to  every  portion  of  the  lens  face ;  by  proper 
lens  design,  sparkle  over  the  entire  face  of  the  lens  is 
obtained.  The  method  most  commonly  employed  and  a 
very  effective  one,  is  that  illustrated  in  Fig.  3,  in  which 
a  highly  polished  parabolic  reflector  is  used  to  redirect 
the  rays  from  the  filament  in  such  a  manner  as  to  cover 
the  entire  lens  surface;  the  lens,  in  turn,  redirects  the 
rays  so  that  a  bright  spot  is  visible  from  each  small  ir- 
regularity from  any  point  within  the  angle  required. 
The  surface  of  the  reflector  should  have  a  high  reflection- 
factor  and  be  capable  of  retaining  a  high  polish.  In 
Table  1  are  given  the  reflection  factors  of  various  pol- 
ished metals  suitable  for  use  as  reflectors. 

Table  1 — Reflection  Factors  of  Various  Metals 

Reflection  Fac- 
Surface  tor,  Per  Cent 

Silver-plated    85  to  90 

Aluminum    62  to  67 

Nickel-plated    50  to  55 


Red,  bordering  on  orange,  has  been  used  almost  uni- 
versally for  Stop  signal  lenses.  For  Direction  and  other 
signals,  green  and  yellow  as  well  as  red  have  been  used. 
Natural  colored  glass  assures  a  permanent  color.  Dips, 
sprays,  etc.,  sometimes  have  a  tendency  to  flake  or  peel 
off  under  service  conditions. 

In  order  that  the  signal  may  have  brightness  and 
sparkle,  the  lens  surface  should  be  composed  of  many 
small  prisms  or  individual  lenses  capable  of  breaking  up 
the  solid  beam  of  light  from  the  reflector  into  a  multitude 
of  overlapping  individual  beams  traveling  in  the  same 
general  direction.  These  irregularities  should  prefer- 
ably be  on  the  inner  side  to  facilitate  keeping  the  outer 
surface  clean.  The  four-sided  prisms  of  commercial 
glassware  bend  the  rays  of  light  in  four  different  direc- 
tions, producing  two  bands  of  light  that  cross  at  an  angle 


Fin.  6 — Lens  with  a  Design  Consisting  of  Small  Bullsetes  or 
Buttons.  Either  Raised  or  Indented,  and  the  Cross-Section  of 
the  Beam  from  this  Lens  When  the  Proper  Lamp  and  Reflector 

Are    Used 

depending  upon  the  angle  of  the  prisms.  There  is  a 
definite  "dark  spot"  in  the  beam  from  prisms  of  this  de- 
scription. Should  the  driver  approaching  from  the  rear 
of  the  car  with  such  a  signal  happen  to  be  in  the  dark 
area,  as  at  x,  Figs.  4  and  5,  the  effectiveness  of  the  signal 
is  greatly  reduced.  The  design  of  individual  prisms  or 
lenses  is  highly  important.  Each  should  throw  a  part  of 
the  light  which  strikes  it  to  every  part  of  the  main  beam 
from  the  entire  lens.  The  photographs  of  Figs.  4  and  5 
illustrate  the  limitations  of  four-sided  prismatic  designs 
and  the  better  results  obtainable  through  the  use  of  small 
bullseyes  or  buttons  are  brought  out  in  Fig.  6.  The 
cross-section  of  the  beam  from  this  type  of  lens  shows  no 
dark  areas.  Consequently  the  driver  in  the  rear  receives 
a  uniform  flash  at  any  point  in  the  beam.  This  type  of 
prism  design  is  most  effective.  A  spread  of  light  of 
about  40  deg.  from  each  small  bullseye  gives  satisfactory 
results.  Another  possible  method  is  to  pebble  the  sur- 
face of  the  reflector  itself;  smooth  cover  glass  may  be 
employed  and  a  result  somewhat  similar  to  that  produced 
by  the  bullseye  design  obtained,  although  the  efficiency 
is  somewhat  lower  due  to  cross  reflection. 


STOP 


Fig.    7 — Three    Typical    Face    Patterns 

At  the  Left  Only  the  Letters  Are  Visible  and  the  Remainder  of  the 
Lens  Face  Is  Opaque  ;  While  the  Total  Bright  Area  Is  Small  and 
No  Annoying  Glare  Is  Produced  at  Night,  a  Tendency  for  the 
Letters  To  Blur  Exists.  In  the  Central  View  Only  the  Letters  Are 
Opaque  and  the  Remainder  of  the  Lens  Face  Is  Visible  ;  the  Large 
Exposed  Area  in  This  Case  Is  Likely  To  Cause  Serious  Glare  at 
Night.  In  the  Design  at  the  Right  Only  the  Letters  and  a  Circular 
Border  Are  Visible  and  the  Remainder  of  the  Lens  Face  Is  Opaque  : 
This  Is  a  Very  Satisfactory  Design  Since  the  Addition  of  the 
Lighted  Border  Lessens  the  Tendency  of  the  Letters  To  Blur. 
While  the  Total  Exposed  Area  Is  Kept  Sufficiently  Small  To  Avoid 
Objectionable    Glare    at    Night 
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The  visibility  of  a  signal  in  daylight  depends  very 
largely  upon  its  brightness,  and  to  compel  attention  in 
the  daytime  it  is  necessary  that  the  brightness  be  of  a 
high  order.  This  brightness  may  be  prevented  from  pro- 
ducing a  blinding  effect  at  night  by  keeping  the  bright 
area  small  in  size,  for  glare  is  a  function  of  both  bright- 
ness and  the  quantity  of  light.  For  this  reason  certain 
portions  of  the  lens  are  opaqued.  Three  representative 
face  designs  are  shown  in  Fig.  7.  As  explained  in  the 
captions,  an  illuminated  border  increases  the  legibility 
of  illuminated  characters  on  a  dark  background  at  night. 
This  feature  is  of  importance  in  the  design  of  direction 
signals  that  depend  upon  legibility  rather  than  color  to 
indicate  the  direction  of  the  turn. 

The  housing  should  be  as  nearly  dust  and  waterproof 
as  possible,  to  reduce  tarnishing  of  the  polished  surface 
of  the  reflector  to  a  minimum.  The  corrosive  action  of 
salt  water  renders  reflectors  used  in  sea-side  atmosphere 
especially  susceptible  to  tarnish.  A  very  slight  layer  of 
dust  greatly  impairs  the  reflecting  qualities  of  the  mir- 
rored surface  and  reduces  the  brightness  of  the  signal 
accordingly.  Rubber  gaskets  should  not  be  used  to  ren- 
der the  housing  moisture-proof  since  the  sulphur  content 
of  the  rubber  soon  discolors  the  mirrored  reflector  sur- 
face. Cork  or  felt  gaskets  have  proved  satisfactory.  A 
small  hole  or  vent  at  the  bottom  of  the  housing  is  usually 
provided,  as  in  headlamp  design,  to  prevent  collection  of 
moisture. 

The  indicator  usually  takes  the  form  of  a  low-candle- 
power  lamp,  mounted  on  the  dash,  which  lights  or  flashes 
when  the  signal  operates.  It  should  be  designed  and 
placed  so  that  the  driver  will  be  conscious  of  its  flashing 
even  in  bright  sunlight.  Its  indication  should  be  positive 
and  definitely  dependent  upon  proper  operation  of  the 
signal.  It  should  be  connected  in  the  circuit  so  that  its 
operation  does  not  materially  reduce  the  brilliancy  of  the 
signal  itself  and,  for  reasons  already  stated,  it  should  be 
designed  for  a  standard  lamp. 

In  some  cases  bare  lamps  have  been  used,  but  the 
glare  at  night  is  likely  to  be  objectionable.  Where  col- 
ored, they  would  be  classed  as  special  lamps  and  are 
therefore  open  to  the  objections  previously  mentioned. 
Various  designs  of  glass  for  indicator-lamp  caps  have 
appeared  on  the  market.  In  some  cases  the  glass  has  had 
its  surface  cut  in  facets  resembling  a  jewel.  A  very  sat- 
isfactory form  of  cover  glass  is  obtained  by  using  a  col- 
ored glass  with  the  inner  surface  designed  as  recom- 
mended for  signal  lenses.  This  design  provides  sufficient 
angular  spread  and  brightness  with  a  2-cp.  lamp  to  ren- 
der the  indicator  clearly  noticeable  to  the  driver  in  bright 
sunlight,  without  causing  objectionable  glare  at  night. 

The  wiring  of  the  indicator  must  be  such  that  if  the 
signal  lamp  burns-out,  the  wire  breaks  at  some  point  or 
the  switch  fails  to  close  or  to  separate,  the  indicator  lamp 
will,  through  its  improper  operation,  call  attention  to  the 
trouble.  Failure  of  the  indicator  lamp  itself  can  be 
checked  by  operating  the  signal  switch  and  watching  the 
ammeter;  a  reading  of  about  3  amp.  as  the  switch  is  op- 
erated, indicates  that  the  signal  lamp  is  operating  prop- 
erly and  that  the  indicator  lamp  is  burned  out. 

Four  of  the  most  common  wiring-plans  employed  for 
the  indicator  system  may,  for  purposes  of  discussion,  be 
termed  the  series,  the  shunt,  the  series  relay  and  the 
series  flasher.  The  first  method  consists  of  placing  the 
indicator  lamp  in  series  with  the  signal  lamps  and  the 
former  is  lighted  as  long  as  the  signal  lamp  is  on.  To 
obtain  brightness  at  the  signal,  it  is  necessary  virtually 
to  remove  part  of  the  filament  from  the  signal  lamp  and 


place  it  in  the  bulb  of  the  indicator  lamp.  This  is  ob- 
jectionable because  it  makes  necessary  the  use  of  special 
lamps  in  both  signal  and  indicator,  for  a  standard  21-cp. 
lamp  used  in  series  with  any  type  of  indicator  lamp  will 
operate  at  a  materially  decreased  brightness.  The  fact 
that  special  lamps  are  required  for  both  signal  and  indi- 
cator means  that  when  either  lamp  burns  out,  the  user 
will  have  great  difficulty  in  obtaining  a  renewal,  since 
special  lamps  are  not  to  be  found  in  the  stock  of  the  or- 
dinary lamp-dealer. 

The  shunt  system  consists  of  a  resistance  placed  in  the 
signal-lamp  circuit  around  which  is  shunted  a  low-voltage 
indicator-lamp.  The  voltage-drop  across  the  resistance 
is  sufficient  to  light  the  indicator  lamp  which  remains 
lighted  as  long  as  the  signal  lamp  is  on.  This  voltage- 
drop  across  the  resistance,  however,  reduces  the  voltage 
available  at  the  signal  lamp,  with  the  result  that  its  can- 
dlepower  is  considerably  reduced.  Where  standard  lamps 
are  employed  with  this  system  the  candlepower  loss  at 
the  signal  is  great  even  though  the  indicator  lamp  is  but 
dimly  lighted.  This  system  therefore  has  very  much  the 
same  disadvantages  as  the  series  method  of  connection, 
in  that  the  brilliancy  of  the  signal  lamp  is  seriously  re- 
duced by  the  indicating  device.  This  method  has  been 
tried  out  by  several  manufacturei-s  of  signal  devices,  and 
in  almost  all  cases  has  been  discarded. 

The  series-relay  system  employs  a  standard  2-cp.  lamp 
on  the  dash  with  the  standard  21-cp.  lamp  in  the  signal. 
The  dash  lamp  is  lighted  by  the  action  of  a  magnetic  re- 
lay in  the  signal-lamp  circuit  which  closes  a  contact,  thus 
lighting  the  indicator  lamp.  The  indicator  lamp  remains 
lighted  as  long  as  the  signal  lamp  burns.  When  the  sig- 
nal is  turned  off,  the  magnet  releases  its  hold,  the  con- 
tact opens,  and  the  indicator  lamp  goes  out.  One  of  the 
cardinal  points  to  be  remembered  in  connection  with  the 
design  of  a  safety  device  is  the  necessity  of  keeping  the 
number  of  parts  in  which  there  is  a  chance  of  failure, 
even  though  remote,  to  a  minimum ;  with  the  series-relay 
system  there  is  always  the  possibility  of  sticking  con- 
tacts. A  reasonably  reliable  relay  is  also  necessarily  ex- 
pensive. To  render  the  signal  effective  it  is  necessary 
that  the  resistance  of  the  winding  be  kept  extremely  low. 

The  series  flasher  appears  to  be  the  simplest  and  most 
effective  method  of  indicator-lamp  control  yet  devised. 
A  standard  2-cp.  lamp  is  used  for  the  indicator  and  a 
standard  21-cp.  lamp  for  the  signal.  As  the  switch  is 
operated,  the  movable  member  a  passing  to  the  position 
b  momentarily  places  the  two  lamps  in  series.  The  2-cp. 
lamp,  having  the  higher  resistance,  is  lighted  to  practi- 
cally its  full  brilliancy,  although  the  current  at  this  time 
is  insufficient  to  light  the  larger  signal  lamp.  As  the 
switch  action  is  completed  by  the  movable  member  pass- 
ing to  position  c,  the  indicator  lamp  is  short-circuited 
and  goes  out  and  full  voltage  is  impressed  on  the  signal 
lamp,  which  then  lights  at  full  brilliancy.  This  process 
is  repeated  in  the  reverse  order  as  the  switch  arm  a 
moves  back  to  its  original  position.  A  flash  of  the  indi- 
cator lamp  is  thus  obtained  each  time  the  signal  is  turned 
on  and  off. 

With  a  slight  change  this  indicator  system  can  be 
readily  applied  with  equal  effectiveness  to  a  multiple 
signal  system  comprising  Direction  as  well  as  Stop  sig- 
nals.   Fig.  9  shows  the  connections  for  such  a  system. 

Switches  should  follow  certain  recognized  fundamen- 
tals of  design  regardless  of  whether  they  are  operated 
automatically  or  manually.  Many  of  the  difficulties  that 
were  experienced  with  the  early  forms  of  electrically 
lighted  signals  were  due  directly  to  faulty  switch  design. 
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Elements  of  switch  design  that  result  in  low  electrical 
resistance  and  more  satisfactory  operatign  in  general  are 

(1)  Wiping  contacts  rather  than  butt  contacts 

(2)  Air  insulation  between  fingers 

(3)  Reasonably  stiff  spring  fingers  of  generous  size 

(4)  Short  action 

The  usual  instruction  booklet  accompanying  signal 
equipments  recommends  that  the  switch  be  placed  under- 
neath the  car;  in  initial  equipment  installations,  it  is 
commonly  mounted  on  the  chassis.  Since  the  switch  is 
likely  to  be  exposed  to  exhaust  fumes,  mud,  etc.,  it  is 
essential  that  an  adequate  housing  be  provided. 

For  satisfactory  lamp  performance  sockets  should  be 
well  designed  both  mechanically  and  electrically.  Poor 
contacts  frequently  cause  a  high  resistance-drop  and  a 
consequent  loss  in  candlepower  at  the  lamp.  Further- 
more, the  heat  developed  at  the  points  of  poor  contact 
may  soften  an  inferior  composition  to  such  an  extent  that 
it  is  forced  out  of  the  shell  by  the  spring  pressure,  ren- 
dering the  socket  unserviceable;  even  summer  tempera- 
tures are  sufficient  to  produce  this  softening  in  the  poorer 
grades  of  material.  Undersized  springs  and  springs 
which  may  carry  a  considerable  part  of  the  current  are 
frequent  sources  of  trouble. 

Important  electrical  and  mechanical  features  are 

(1)  Moisture-proof  insulating  material  which  will  not 
soften  under  moderate  heat,  fastened  securely  to 
the  shells 

(2)  A  current  path  of  low  and  unvarying  resistance 

(3)  Soldered  electrical  connections,  where  practicable, 
free  from  any  bending  action  or  strain  at  the  joint 

(4)  Sufficient  stock,  where  binding  screws  are  used,  to 
prevent  stripping  of  the  threads 

(5)  Rustproof  springs,  providing  from  50  to  150-oz. 
pressure  on  the  lamp-base  contacts,  preferably 
arranged  so  that  they  cannot  carry  current 

(6)  Protection  from  chafing  where  insulated  wire 
touches  the  socket  shell 

Armored  cable  is  accepted  as  the  standard  of  good  prac- 
tice in  automobile  wiring,  and  it  is  especially  desirable 
in  the  case  of  signal  systems,  where  safety  and  con- 
tinuity of  operation  are  essentials.  The  oiled  linen  in- 
sulation of  armored  cable  is  practically  impervious  to 
gasoline,  oil  or  water,  while  the  metal  armor  protects  the 
insulation  from  abrasion.  This  is  especially  advantage- 
ous in  installations  made  by  the  car-owner,  where  the 
wire  is  likely  to  be  led  through  any  convenient  hole  and 
may  be  subject  to  considerable  wearing  action.  The  wire 
should  be  No.  14  B.  &  S.  gage  to  insure  against  loss  of 
candlepower  at  the  signal  lamp  from  excessive  resistance 
in  the  wire  itself. 

The  signal  circuit  should  never  be  connected  directly 
to  the  car  battery  without  fusing.  If  no  fuse  is  sup- 
plied with  the  signal  equipment,  care  should  be  taken  to 
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Fig.   8- 


-The  Series-Flasher  Connection  op  the  Signal  and  In- 
dicator Light 


connect  it  to  some  part  of  the  electrical  system  of  the 
car  that  is  properly  fused.  A  practice,  electrically  equiv- 
alent to  link  fuses  fastened  firmly  under  binding-posts, 
is  recommended  rather  than  the  use  of  cartridge  fuses 
and  clips  employing  butt  contacts.  Due  to  the  lack  of 
cleaning  action,  small  area  of  contact,  corrosion,  electro- 
chemical action,  etc.,  the  cartridge  fuse  is  very  often  the 
source  of  considerable  voltage-drop.  If  cartridge  fuses 
are  used,  both  the  fuse  ferrules  and  the  clips  should  be 
nickel-plated  to  prevent  electrolytic  action. 

'  Importance  of  a  Minimum  Electrical  Resistance 

In  the  discussion  of  the  electrical  design  of  the  vari- 
ous component  parts  of  the  signal  system,  emphasis  has 
been  laid  upon  the  importance  of  keeping  the  electrical 
resistance  of  the  circuit  at  a  minimum.  The  reason  for 
this  becomes  apparent  when  one  considers  that  voltage- 
drop  in  a  circuit  is  equal  to  the  resistance  multiplied  by 
the  current  and  that  motor-vehicle  lamps  are  necessarily 
high-current  lamps.  The  standard  21-cp.  6  to  8  volt  lamp, 
for  example,  while  drawing  only  20  watts  from  the  bat- 
tery, nevertheless  uses  more  current  than  a  115-volt 
lamp  of  the  300-watt  size  and  for  a  proportional  candle- 
power  loss  would  require  an  even  larger  size  of  wire. 

The  voltage-drop  in  the  circuit,  which  means  less  volt- 
age at  the  lamp  filament,  has  a  far  more  serious  effect 
upon  the  candlepower  of  the  lamp  than  is  generally  real- 
ized; a  slight  reduction  in  the  voltage  produces  a  ma- 
terial reduction  in  candlepower.  For  example,  a  10-per 
cent  loss  in  the  voltage  at  the  filament  results  in  a  30-per 
cent  loss  in  the  candlepower  of  the  lamp. 

Voltage  losses  due  to  unnecessarily  high  resistance 
may  occur  in  the  switches,  sockets,  fuses  or  the  wiring 
itself.  Attention  to  the  details  of  electrical  design  as 
discussed  above  will  materially  reduce  these  losses  and 
make  for  greater  effectiveness  of  the  system  as  a  whole. 
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Fig.  9 — An  Adaptation  op  the  Series-Flasher  System  to  Signals 
Using  Several  Lamps 


RECLAMATION  OF  USED  PETROLEUM  LUBRICATING  OILS 


A  LARGE  amount  of  lubricating  oil  is  now  wasted  because 
it  is  thrown  away  as  unfit  for  further  use.  Yet  such 
oils  can  be  reclaimed  and  made  as  good  as  new,  or  even  better, 
by  simple  apparatus  already  commercially  available.  For 
example,  the  oil  in  the  crankcases  of  automobiles  becomes 
contaminated  with  dust  and  dirt  and  diluted  with  the  gaso- 
line that  leaks  into  it,  and  when  the  owner  reads  his  book  of 
Instructions  or  is  otherwise  reminded  of  crankcase  dilution, 
he  drains  out  the  oil  and  throws  it  away.     This  is  a  needless 


waste  and  in  certain  cities  arrangements  have  already  been 
made  to  collect  and  reclaim  crankcase  oil. 

In  an  investigation  that  the  Bureau  of  Standards  has  con- 
ducted with  apparatus  for  reclaiming  oil,  it  was  found  that, 
judging  by  all  the  commonly  accepted  standards,  the  reclaimed 
oil  is  as  good  as  new.  Certain  changes  in  the  oil  could  be  de- 
tected by  special  tests,  but  it  is  a  matter  for  future  investiga- 
tion to  decide  whether  or  not  these  changes  are  detrimental  or 
whether  these  special  tests  are  necessary. 
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'"pHE  author  states  briefly  the  phenomenal  growth  of 
*  taxicab  usage  and  consequent  demand  for  this  type 
of  motor  vehicle,  mentions  the  differences  in  body  re- 
quirements for  taxicabs  as  compared  with  those  of 
passenger  cars  and  describes  the  methods  used  to  se- 
cure durability  in  taxicab-body  construction  to  discount 
the  severe  service  to  which  the  body  is  subjected. 

Tabular  data  are  presented  and  comment  made  re- 
garding the  woods  that  are  suitable  for  body  frame- 
work, and  the  methods  of  joining  frame  members,  and 
reinforcing  frame  joints  are  outlined.  The  desirable 
types  of  roof  and  the  factors  that  influence  design  are 
discussed  at  some  length,  illustrations  being  presented 
also,  and  minor  considerations  such  as  types  of  hard- 
ware, dash  and  instrument-boards,  are  included.  A 
brief  summary  states  present  conditions,  and  a  biblio- 
graphical list  is  appended  of  informative  publications 
relating  to  the  subject. 

ON  Jan.  1,  1922,  there  were  75,000  taxicabs  operat- 
ing in  the  United  States,  an  increase  of  46  per 
cent  as  compared  with  Jan.  1,  1921.  It  is  esti- 
mated that  on  Jan.  1,  1923,  at  least  110,000  cabs  were  in 
service.  These  figures  serve  to  indicate  the  rapid  prog- 
ress being  made  in  the  field. 

The  efforts  of  many  passenger-car  builders  have  been 
directed  along  the  line  of  producing  an  inexpensive  light- 
weight closed-car.  The  taxicab,  on  the  other  hand,  must 
be  durable  and  so  well  built  as  to  run  approximately  50,- 
000  miles  per  year  as  compared  with  the  passenger-car's 
average  of  about  7000  miles.  Taxicab  service  demands 
not  only  the  maximum  durability  in  the  body,  the  engine 


Fig. 


1 — Taxicab   Body   Showing   Heavy   Sills,  Door   Pillars   and 
Door  Frames 


and  the  chassis,  but  also  provision  for  the  satisfactory 
and  easy  replacement  of  any  worn  or  damaged  parts,  a 
factor  often  overlooked.     The  plan  of  this  paper  is  to 


1  Engineer,  Haskelite  Mfg.  Corporation,  Chicago. 


Fig.  2 — A  Substantial,  Well-Built  Cab  in  Which  Both  Ash  and 
Oak  Are  Used  for  Frame  Members 

suggest  a  means  of  attaining  these  ends  in  body  con- 
struction. 

Methods  of  Securing  Durability 

The  prospective  purchaser  of  a  taxicab  is  interested  in 
the  durability  of  the  body  as  well  as  that  of  the  engine 
and  the  chassis.  The  taxicab's  appearance  is  a  business 
asset  to  him.  Very  likely,  it  influences  the  amount  of  his 
business  more  than  is  commonly  supposed.  Accordingly, 
taxicab-body  design  and  workmanship  are  of  such  im- 
portance as  to  warrant  their  serious  analysis  and  im- 
provement. We  shall  begin  with  the  body  framework,  be- 
cause the  quality  of  the  whole  job  is  reflected  in  this  one 
item  more  than  in  any  one  other. 

First,  heavy  sills  are  very  desirable.  They  are  about 
50  per  cent  heavier  than  in  passenger-car  bodies  of  the 
same  size.  In  Fig.  1,  the  heavy  type  of  sill  is  noticeable. 
The  numerous  "gunstocks,"  as  well  as  the  panelled  roof, 
reinforce  the  frame  members.  That  part  of  the  sill  which 
is  over  the  wheelhousing  can  be  reinforced  by  an  iron 
strap  applied  to  the  side  of  the  sill.  Bent  or  formed  sills 
are  rarely  if  ever  used;  it  is  customary  to  build-up  the 
sills  by  screwing  and  gluing  several  pieces  together  to 
secure  the  required  shape.  Tests  indicate  that  the  four- 
piece  construction  is  most  desirable. 

The  door  pillars  and  door  frames  are  next  in  impor- 
tance. Since  the  doors  themselves  must  be  exceptionally 
heavy  so  as  to  prevent  warping,  it  follows  also  that  their 
pillars  must  be  correspondingly  heavy.  The  rear  pillars 
may  be  about  2  in.  thick  and  should  at  no  point  have  deep 
mortises  or  cut-outs  that  would  weaken  them  at  these 
places.  Such  cut-outs  weaken  the  pillars  more  than  a 
computation  of  the  section  moduli  would     indicate,  for 
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the  stresses  tend  to  concentrate  at  these  points.  Rear 
doors,  as  light  as  those  in  passenger  cars,  will  soon  warp 
so  that  they  will  not  close  at  the  upper  front-corners. 
Front  doors  have  the  lock  near  the  upper  corner,  and 
hence  the  lower  corner  tends  to  spring  away  so  that  it 
does  not  close  flush.  This  can  be  remedied  by  screwing 
a  diagonal  steel  strap  to  the  door  framework  on  the  in- 
side. This  strap  pulls  the  corner  in ;  it  subsequently  can 
be  covered  by  the  door  lining.  Fig.  2  illustrates  the 
heavy  construction  of  doors  and  pillars  desirable  in  taxi- 
cab  bodies.  This  body,  like  the  body  shown  in  Fig.  1, 
carries  a  full-panelled  roof. 

Woods  Suitable  for  Body  Framework 

Mountain  or  white  ash,  Fraxinus  Americana,  is  the 
best  wood  for  frame  members.  The  substitution  of  yel- 
low poplar  has  been  made  to  some  extent,  but  its  strength 
and  screw-holding  properties  do  not  equal  that  of  ash. 
The  value  of  poplar  lies  in  its  use  for  miscellaneous  parts, 
such  as  arm  rests,  that  subsequently  are  upholstered. 
Upholsterers  like  to  work  on  poplar,  because  nails  are 
easily  driven  into  it. 

It  is  often  valuable  to  have  information  on  the  strength 
properties  of  the  various  woods  that  are  suitable  and 
available  for  body  construction.  Table  No.  1  lists  the 
strength  values  of  these  woods.  Complete  information 
on  this  subject  is  available  in  Government  reports  on  the 
Mechanical  Properties  of  Woods  Grown  in  the  United 
States.2 


TABLE     1°  —  STRENGTH     PROPERTIES     OF     WOODS    USED    IN 
AUTOMOBILE-BODY   BUILDING 


Species  of 
Wood 

White  Ash, 
Forest  Grown 

White  Ash, 
Second  Growth 


Where 
Grown 

Arkansas 
West  Virginia 
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to 


Sugar  Maple 


White  Oak 


New  York 

Indiana 

Pennsylvania 

Wisconsin 

Arkansas 

Indiana 

Louisiana 


Yellow  Poplar      Tennessee 
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44 


43 


48 
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given    in    Forest    Products    Laboratory     Re- 
6516,   M-l. 


"Case-hardening"  of  lumber  in  the  kiln-drying  will 
cause  the  wood  to  warp  when  shaped  into  the  frame  mem- 
bers. This  condition,  its  cause  and  the  remedy  are  fully 
described  by  the  reports  of  the  Forest  Products  Labora- 
tory.3 Light-weight  ash  is  often  brash  and  should  not 
be  used.  A  minimum  specific  gravity  of  0.56,  based  on 
oven  dry-weight  and  volume,  is  suggested  by  the  Forest 
Products  Laboratory.  Sometimes,  ash  of  good  weight  is 
brash,  due  to  the  presence  of  decay.  Stains  frequently 
indicate  this  decay,  and  lumber  containing  stains  should 
be  regarded  with  suspicion. 


•  See  United  States   Department  of  Agriculture   Bulletin   No.    556. 
3  See  Forest  Products  Laboratory  Technical  Note  No.  112. 
1  See   Forest    Products   Laboratory   Technical   Note   No.    104. 


Results  of  laboratory  tests  indicate  that  the  different 
woods  vary  considerably  in  their  screw-holding  proper- 
ties. The  woods  in  this  respect  rank  as  follows:  (a), 
sugar  maple;  (6),  white  ash;  (c),  white  oak;  and  Id), 
yellow  poplar.  Poplar  is  very  inferior  in  this  respect 
but,  as  stated  above,  it  is  valuable  for  trimming  strips  to 
which  upholstering  is  subsequently  applied. 

Methods  of  Joining  Frame  Members 

The  best  practice  is  that  of  gluing  and  screwing  all 
joints  of  the  frame  members.  Long  screws  are  employed 
and  carefully  driven  immediately  after  the  application  of 
glue  to  the  joint.  Animal  glue  is  frequently  used  be- 
cause of  its  convenience.  In  using  this  glue,  it  should  be 
remembered  that  long-continued  heating  reduces  its 
strength.*  Waterproof  glues  are  valuable  when  care  is 
taken  in  their  proper  mixing. 

The  quality  of  a  job  is  judged  to  a  great  extent  by  the 
joints.  To  secure  tight  frame-joints,  careful  workman- 
ship is  required.  Modern  woodworking  machines  have 
been  highly  developed  so  as  to  make  the  forming  of  the 
joints  almost  automatic,  but  these  do  not  eliminate  the 
need  of  careful,  conscientious  workmen  for  the  actual  as- 
sembly, men  who  will  reject  members  that  have  been 
formed  improperly.  The  racking  twisting  stresses  to 
which  a  body  is  subjected  necessitate  the  best  joints; 
otherwise,  body  squeaks  soon  develop,  the  doors  fail  to 
open  and  close  properly,  and  the  body  is  condemned  to 
the  junk  heap  too  soon.  Regarding  the  need  of  reinforc- 
ing frame  joints,  an  inspection  of  Figs.  1  and  2  shows 
the  large  number  of  "gunstocks,"  or  corner  reinforce- 
ments, which  act  structurally  as  gusset  plates,  taking 
some  of  the  strain  ordinarily  carried  by  the  joints  them- 
selves. This  sort  of  construction  is  neglected  in  passen- 
ger-car bodies,  but  it  is  very  essential  in  cabs. 

Types  of  Hardware  and  Molding 

Door  hinges  and  locks  have  been  an  object  of  much 
study.  The  rear-door  hinges  are  almost  universally  of 
the  standard  curved-joint  pattern  of  malleable  iron. 
From  the  standpoint  of  both  durability  and  easy  re- 
placement, they  are  far  better  than  the  concealed  type. 
They  have  the  additional  merit  of  carrying  the  door  back 
as  it  swings,  and  thus  increasing  the  width  of  the  door 
opening.  For  safety's  sake,  rear-door  catches  are  of  the 
two-step  variety. 

Aluminum  molding  is  used  somewhat  largely,  not  only 
on  the  body  but  also  for  the  drip-rail  on  the  roof.  This 
molding  can  be  fastened  into  place  by  screws  or  cement- 
coated  nails.  In  the  latter  instance,  a  good  method  is  that 
of  spinning  a  conical  circular  hole  in  the  molding  by  the 
use  of  a  revolving  center  punch.  This  process  forces  the 
metal  up,  so  that  the  metal  subsequently  can  be  ham- 
mered down  in  place  after  the  brad  is  driven.  The 
method  described  is  one  lending  itself  to  fast  production, 
and  also  one  assuring  that  the  finish  on  the  molding  will 
be  relatively  permanent. 

Types  of  Roof 

Taxicab  roofs  are  designed  and  constructed  far  dif- 
ferently than  for  passenger  cars.  The  panel  roof  is  in 
universal  favor  with  taxicab  builders  and,  when  properly 
constructed  and  installed,  gives  excellent  service  in  all 
closed  cars.  The  trouble  that  was  formerly  experienced 
with  drumming  or  vibration  has  been  practically  elimin- 
ated by  proper  methods  of  installation.  At  present,  all 
large-quantity  cab-builders  use  plywood  molded-roofs. 

One  method  well  known  to  the  trade  for  dampening  out 
roof  vibrations  consists  of  fitting  felt  or  padding  between 
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Fig.  3 — Plywood  Cab  Roof  Carrying  Seven  Men 

the  roof-panel  and  the  ribs.  However,  this  has  been 
found  only  partially  effective.  Very  frequently  the  drum- 
ming experienced  in  closed  cars  is  not  due  to  the  roof, 
but  rather  to  the  glass;  such  drumming  can  be  detected 
by  placing  one's  hands  on  the  window  glass.  In  the 
Yellow  Cab  body  the  practice  of  insulating  both  the  glass 
from  the  frame  and  the  frame  from  the  body  is  followed. 
Vibration  of  the  roof  itself  may  be  eliminated  by  a  certain 
type  of  construction  that  has  so  far  proved  wholly  effec- 
tive; it  consists  in  the  installation  of  the  roof  in  two 
pieces,  the  joint  being  over  the  partition  between  the 
driver  and  the  passenger  compartments.     We  suspected 
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that  this  would  eliminate  the  trouble,  several  years  ago. 
Recently,  complete  confirmation  has  been  made  by  a 
large-quantity  body-builder  who  tried  this  method.  The 
theory  back  of  this  plan  is  the  isolation  of  the  two  por- 
tions of  the  roof,  so  that  any  slight  vibration  is  damped- 
out  rather  than  reinforced.  It  was  feared  that  the  joint 
would  weaken  the  roof,  but  service  tests  have  indicated 
that,  if  anything,  it  is  stronger.  At  any  rate,  these 
roofs  have  plenty  of  longitudinal  stiffness  to  spare.  Bend- 
ing tests  made  on  our  5  16-in.  roofs,  59  x  97  in.,  glued  to 
a  frame  of  ash  showed  that  the  panel  strengthened 
this  roof  by  more  than  85  per  cent.  Moreover,  the  frames 
used  were  exceedingly  heavy;  2  in.  deep  and  2%  in.  wide, 
and  had  no  ribs. 

However,  operators  consider  the  transverse  strength 
of  the  plywood  roof  to  be  of  the  greater  value.  In  90  per 
cent  of  the  accidents  to  Yellow  Cabs,  the  blow  is  deliv- 
ered to  the  rear  quarter  panels  below  the  belt  line,  right 


Fig. 


5 — Hydraulic,   Steam    Heated   Dies   Used   for   the   Forming 
or  Molding  of  Taxicab  Roofs 


or  left  side,  with  the  result  that  in  very  few  cases  the 
destruction  extends  beyond  the  rear  door  pillars,  it  is 
most  remote  when  it  extends  beyond  the  partition.  The 
Yellow  Cab  Mfg.  Co.  says  that  this  is  due  to  the  strength 
of  the  particular  type  of  roof  panel  employed  as  well 
as  to  its  methods  of  applying  such  roofs. 

The  need  of  the  greater  strength  afforded  by  a  plywood 
roof  is  apparent  when  the  strengths  of  the  average  roof- 
rails  and  roof-ribs  are  determined.  For  instance,  a  roof- 
rail  of  ash  of  average  section  3  in.  deep  and  1%  in  wide, 
will  deflect  1  in.  under  a  horizontal  side-load  of  165  lb. 
applied  at  the  center  of  a  90-in.  length  Suppose  that  the 
load  is  distributed,  say  10  lb.  per  rib  for  eight  ribs  in  a 
90-in.  length,  then  the  frame  would  be  spread  %  in.  at 
the  middle  portion.  This  shows  how  deficient  the  roof- 
rail  and  roof-ribs  are  with  respect  to  lateral  or  trans- 
verse strength,  and  slats  or  wire-mesh  do  not  increase  its 
strength  very  much.  The  adoption  of  a  canopy  plywood 
roof  gives  the  roof  a  strength  that  permits  the  use  of 
a  slat  construction  and  a  safety  opening  to  the  rear  of 
the  center  partitions.  The  enormous  strength  of  the 
plywood  roof  is  shown  in  Fig.  3,  where  a  5/16-in.  roof 
is  carrying  the  weight  of  seven  men,  their  estimated 
weight  being  1000  lb. 
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A  quantitative  test  made  along  similar  lines  gives  the 
load-deflection  curve  shown  in  Fig.  .4.  In  this  test,  one 
of  our  5/16-in.  roofs  glued  to  an  ash  frame,  having  a 
roof-rail  2  in.  deep  and  2%-in.  wide,  with  no  supporting 
ribs,  carried  a  uniformly  distributed  load  of  600  lb.,  with 
a  central  deflection  of  only  0.237  in.  A  maximum  total 
load  of  950  lb.  was  carried. 

Construction  of  Plywood  Roof 

The  panels  are  furnished  by  the  manufacturers, 
molded  to  the  required  shape.  Fig.  5  illustrates  the  dies 
employed  for  the  forming  of  taxicab  roofs.  It  should  be 
understood  that,  in  this  particular  process,  the  panels  are 
first  glued-up  flat  in  hydraulic  steam-heated  presses. 
Subsequently  they  are  placed  in  steaming  tanks  or  vats. 
While  wet  and  somewhat  softened,  the  panels  are  pressed 
out  to  shape  in  the  steam-heated  dies.  Much  research 
has  been  directed  toward  the  improvement  of  this  process 
until,  at  present,  the  results  are  very  satisfactory. 

Practically  all  of  the  roofs  are  of  the  three-ply  con- 
struction, %  or  5/16  in.  thick.  Upon  receiving  these 
panels  from  the  manufacturer,  the  body-builder  band- 
saws  them  to  shape  from  a  template  and  then  clamps  and 
glues  the  panel  to  the  roof-rail  or  the  frame  at  all  edges. 
Fig.  6  illustrates  this  construction,  wherein  the  roof-rail 
has  been  rounded  or  formed  on  a  shaping  machine  after 
the  glue  has  set.  Ribs  are  not  employed  in  that  portion 
of  the  roof  over  the  driver;  at  that  section,  this  roof 
gives  a  smooth  panelled  appearance  without  the  need  of 
upholstering  or  interior  covering. 

Some  builders  do  not  consider  it  necessary  or  even  de- 
sirable to  attach  the  passenger  portion  of  the  roof  to  the 
roof-ribs.  In  case  the  panel  is  nailed  or  screwed,  a 
padding  of  loose  felt  is  placed  between  the  panel  and  the 
bows  or  ribs. 

After  the  shaping  process  already  mentioned,  the  en- 
tire roof  is  covered  either  with  glazed  duck  or  with  plain 
sheeting.  The  glazed  duck  is  already  finished,  and  need 
not  be  glued  to  the  roof.  However,  the  sheeting  is  easily 
glued  to  the  roof -panel  and  is  inexpensive,  except  that  it 
requires  a  fairly  good  paint  finish.  A  roof  so  constructed 
is  light  and  durable,  and  affords  a  reliable  watershed.  In 
case  the  cloth  covering  is  torn  or  ruptured,  and  this  is 
unlikely  because  the  roof-panel  itself  takes  all  the 
stresses,  the  panel  itself  will  shed  water;  this  saves  the 
upholstering  and  the  interior  furnishings  of  the  car  until 
such  time  as  the  roof  covering  can  be  repaired.  This 
construction  absolutely  prevents  the  buckling  or  wrin- 
kling of  the  roof  covering. 


Roof  Covers 
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-Cross-Section  of  Taxicab  Roof  Showing  Method  or 
Attaching  Panel  to  Rail 


Fig.    7 — Cross-Section    of   a    New    Type    of    Instrument    Board, 

Showing    the    Pltmetai.    Construction    Recently     Adopted    by 

Several  Large  Body-Builders 

This  last  point  brings  us  to  a  consideration  of  the  grade 
of  plywood  that  is  satisfactory  for  roof-panels.  The  ply- 
wood bonded  by  animal  glue  is  not  suitable.  Expensive 
experience  has  shown  that  much.  The  waterproof  ply- 
wood is  recognized  as  the  standard  for  roofs. 

Types  of  Dash  and  Instrument-Board 

In  like  manner,  the  waterproof  panel  of  highest  grade 
has  found  wide  favor  for  dashes.  It  fills  most  of  the 
needs  of  the  dash,  and  a  dash  has  many  functions.  It 
should  act  as  a  heat  barrier,  should  deaden  sound  or  vi- 
bration and  act  as  a  structural  part  of  the  body.  The 
steel  dash  fails  on  several  counts;  it  tends  to  rust,  the 
bolt  fastenings  work  loose  and  it  is  difficult  to  remove 
and  replace  if  spot-welded  in  place.  This  point  of  re- 
placement must  be  considered  at  all  times  in  taxicab-body 
construction,  as  contrasted  with  passenger-car  design. 

A  new  type  of  instrument-board  is  shown  in  Fig.  7. 
This  board  of  plywood  and  metal  is  easily  fabricated,  and 
combines  all  of  the  advantages  of  the  pressed-steel  wood- 
backed  combination.  The  metal  face,  glued  to  the  ply- 
wood back,  can  be  bent  over  one  end  of  the  board. 

Costs  and  Records 

The  cost  of  a  taxicab  body  is  about  40  per  cent  of  the 
total  cost  of  the  cab.  It  is  not  amiss,  therefore,  to  lay 
due  stress  on  proper  body-design  and  construction.  In 
fact,  it  is  of  more  importance  than  the  cost  proportion. 

The  keeping  of  accurate  and  comparable  records  by 
taxicab  operators  is  proving  of  great  value  in  the  im- 
provement of  taxicab  construction.  Every  failure  of 
parts  is  a  lesson,  and  points  the  way  to  improvement. 
Here  is  firm  ground  for  the  progressive  engineer. 

Present  conditions  can  be  summarized  as  follows : 

(1)  The  severe  service  rendered  by  the  taxicab  re- 
quires the  most  durable  type  of  body  construction 

(2)  Proper  joining  of  the  frame  members  is  of  the 
utmost  importance  in  producing  a  serviceable  body 

(3)  The  plywood  molded-roof  of  the  waterproof  type  is 
of  accepted  merit  for  taxicabo 

(4)  The  body  should  be  of  such  construction  as  to  al- 
low the  easy  replacement  of  parts 
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Research  Topics  and  Suggestions 

THE  Research  Department  plans  to  present  under  this  heading  each  month  a  topic  that  is  pertinent  to  the 
general  field  of  automotive  research,  and  is  either  of  special  interest  to  some  group  of  the  Society  member- 
ship or  related  to  some  particularly  urgent  problem  of  the  industry.  Since  the  object  of  the  department  is  to  act 
as  a  clearing-lwuse  for  research  information,  we  shall  be  pleased  to  receive  the  comments  of  members  regarding 
the  topics  so  presented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 

WAVE  TRANSMISSION  OF  POWER 


ARTICLES  have  appeared  recently  in  a  number  of  foreign 
journals'  describing  a  comparatively  new  development 
in  power  transmission  that  may  be  of  interest  as  offering 
another  possible  solution  of  certain  automotive  transmission 
problems.  Although  the  more  obvious  applications  appear 
to  be  in  such  operations  as  rock  drilling,  riveting,  punching, 
etc.,  it  is  claimed  that  the  method  has  been  successfully  ap- 
plied to  the  transmission  of  power  from  an  engine  to  the 
propeller  both  in  marine  and  in  aeronautical  installations. 
If  these  claims  are  substantiated,  the  method  may  have  a 
much  wider  application  than  appears  at  first  sight. 

The  methods  of  transmitting  power  that  are  in  commercial 
use  at  the  present  time  may  be  divided  into  five  classes,  as 
follows:  steam,  direct  mechanical,  electrical,  compressed  air 
and  hydraulic.  What  is  claimed  to  be  a  sixth  method  em- 
ploys wave  motions  or  pulsations  set  up  in  an  enclosed  column 
of  liquid,  the  power  being  transmitted  as  a  result  of  waves 
of  the  compressed  fluid  traveling  at  the  speed  of  sound.  The 
principles  underlying  this  wave  transmission  of  power  are 
said  to  be  wholly  different  from  those  governing  hydraulic 
transmission,  for  in  hydraulics,  as  commonly  understood,  a 
continuous  flow  of  liquid  is  used,  while  in  wave  transmission 
there  is  no  direct  flow. 

The  first  instance  of  power  transmission  by  a  pulsating 
column  of  liquid  is  found  in  the  synchronizing  interrupter 
gear  for  airplane  machine  guns,  invented  by  George  Con- 
stantinesco.  The  same  inventor  has  also  developed  a  new 
rock-drill  actuated  by  impulses  transmitted  through  a  flexi- 
ble pipe-line  filled  with  water.     This  new  rock-drill  has  been 
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Ijiagbam   Illustrating   the  Wave  Transmission   of  Power 

reported  to  be  operating  satisfactorily  and  to  be  doing  its 
work  faster  and  cheaper  than  is  possible  with  the  standard 
compressed  air  drills.  In  view  of  this  accomplishment,  an 
outline  of  the  method  of  operation  of  this  novel  system  of 
transmission  may  be  of  interest,  especially  as  its  promoters 
have  announced  that  another  development  is  under  way  for 
utilizing  the  characteristics  of  wave  motion  in  the  field  of 
automotive  engineering. 

If  a  water-tight  piston  is  pushed  slowly  into  a  pipe  com- 
pletely filled  with  water,  the  column  of  water  may  be  re- 
garded as  a  connecting  rod  that  imparts  the  slow  motion  of 
the  piston  at  a  to  the  piston  rod  b  at  the  other  end  of  the 
pipe.  During  this  transmission  of  the  pressure  from  a  to  6, 
the  column  of  water  is  slightly  compressed,  but  the  pressure 
throughout  the  column  of  water  is  everywhere  uniform  and 

'See  The  Engineer  (London),  Oct.  27,  1922,  p.  444;  and  Nov.  3, 
1922.  p.  446  ;  see  also  A  Treatise  on  Transmission  of  Power  bv 
Vibration,  by  George  Constantinesco.  published  bv  Walter  Haddoh 
.v  Co.,  London. 


all  parts  of  the  water  column  have  everywhere  the  same 
direction  and  velocity  of  motion.  If  the  piston  a  is  now  given 
a  fast  reciprocating  motion,  the  inertia  of  the  long  column 
of  water  will  interfere  with  the  simple  connecting-rod  action 
just  described  and  instead  there  will  be  local  compression  and 
rarefaction  of  the  layer  next  to  the  piston  a;  this  layer  of 
compression  will  move  through  the  column  of  water  according 
to  the  laws  for  the  propagation  of  elastic  disturbances  in 
liquids.  In  contradistinction  to  the  simple  hydraulic  case, 
the  distribution  of  pressure  is  no  longer  uniform  throughout 
the  length  of  the  column  of  water,  but  varies  as  shown  by 
the  shading  in  Fig.  1. 

The  compression  waves  thus  formed  are  progressive,  that 
is,  the  compressed  layers,  spaced  one  wave-length  apart,  are 
propagated  along  the  column  of  water  at  a  velocity  given 
by  the  formula: 

v  —  ge/D 
where 

D  =  the  density  of  the  liquid  or  its  weight  per  cubic 

foot, 
e  =  the  modulus  of  compressional  elasticity  in  pounds 

per  square  foot. 
g  =  32.2 
Calculating  e  from   the   compressibility  of  water,   which    is 
0.000047    per    atmosphere,    gives    4800    ft.    per    sec.   for    the 
velocity  of  the  compressional  waves  in  water. 

There  is  a  complication  in  case  the  motor  does  not  absorb 
all  the  power  delivered  by  the  generator.  To  see  what  hap- 
pens under  these  conditions,  let  us  take  the  extreme  case 
where  the  piston  b  is  held  stationary,  or  where  the  end  of  the 
tube  is  closed.  Then  the  compressional  waves  on  reaching  6 
are  reflected  and  the  reflected  waves  combine  with  the  original 
waves  to  form  standing  waves.  The  sinuous  curves  in  Fig.  1 
show  the  pressure  variations  at  any  cross-section  of  the 
column  of  water  after  a  standing  wave  has  been  established. 
The  characteristic  thing  about  a  standing  wave  is  that  the 
layer  of  liquid  in  each  cross-section  of  the  column  goes 
through  a  cycle  of  pressures  and  a  cycle  of  motions  depend- 
ing upon  its  relative  position  in  the  wave.  Thus,  at  the  ends 
and  at  the  middle  of  each  wave-length  there  is  the  greatest 
range  of  pressure  change,  coupled  with  the  minimum  velocity 
range;  at  one-fourth  and  three-fourths  wave-length  the 
pressure  change  is  zero,  but  the  velocity  change  in  each  period 
is  a  maximum. 

When  less  power  is  taken  from  the  line  than  is  fed  into  it 
by  the  generator,  there  is  danger  that  the  amplitude  of  the 
resulting  standing'  waves  will  steadily  increase  until  the 
pressure  becomes  so  high  that  the  tube  bursts.  To  obviate 
this  difficulty,  large  reservoirs,  indicated  by  c  in  Fig.  1,  are 
placed  at  appropriate  positions  in  the  transmission  line. 
These  "hydraulic  condensers,"  as  they  are  called  by  Con- 
stantinesco, act  similarly  to  electric  condensers  in  an  alter- 
nating-current electric- transmission  line;  that  is,  they  absorb 
the  energy  not  needed  in  maintaining  wave  motion  and  return 
excess  energy  to  the  generator. 

The  two  installations  of  wave  rock-drills,  as  described  in 
the  engineering  journals,  are  designed  to  operate  with  a 
standing  wave,  and  although  the  details  of  design  are  not 
divulged,  it  is  implied  that  the  mechanical  advantage  is  gained 
by  dimensioning  the  various  parts  according  to  the  wave 
constants  involved.  Thus,  the  wave-generator  speed  is  2400 
r.p.m.,  or  40  revolutions  per  sec,  which,  with  a  wave  velocity 
of  4800  ft.  per  sec,  as  previously  calculated,  gives  4800 
divided  by  40,  or  120  ft.  for  the  wave-length.     Agreeing  with 
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this  calculation,  the  length  of  the  transmission  line  is  60  ft., 
or  half  a  wave-length.  Reference  to  the  sinuous  curve  of 
Fig.  1  shows  that  with  this  length  of  pipe  the  hammer  of  the 
drill  is  located  at  a  point  where  the  pressure  variations  in 
the  standing  wave  are  greatest,  and  it  is  stated  that  the  drill 
will  operate  only  so  long  as  this  relation  between  the  wave- 
length and  the  position  of  the  hammer  is  held  to  within  5 
per  cent. 

Another  feature  of  the  rock-drill  that  depends  upon  the 
characteristics  of  wave-motion  is  the  dependence  on  reso- 
nance, that  is,  on  tuning  as  it  is  practised  in  radio.  In  de- 
veloping his  theory  Constantinesco  derives  formulas  that  are 
practically  identical  with  those  holding  for  the  relations  in 
alternating-current  electric  circuits;  thus,  there  are  terms 
containing  C,  the  capacity  of  hydraulic  condensers,  depending 
upon  elastic  properties  either  of  spiral  springs  or  of  hydraulic 
compressibility.  There  are  also  terms  in  L,  corresponding 
to  the  coefficient  of  induction,  which,  for  liquid  waves  is 
represented  by  inertia,  that  is,  by  mass  or  weight. 

In  any  case  of  wave  motion,  there  is  resonance  between 
two  circuits  when  the  periods  n  =  1/[2tv/  (LC)  ]  are  mul- 
tiples; tuning  consists  in  varying  C  or  L  or  both,  until  the 
resonance  is  attained.  In  the  rock-drill  the  inertia,  L,  of  the 
hammer,  and  the  hydraulic  capacity  C  of  the  chamber  in 
which  the  hammer  moves,  are  adjusted  according  to  the 
formula  just  given  until  there  is  resonance  with  the  trans- 
mission line,  and  furthermore,  the  conditions  for  maximum 
impact,  as  determined  theoretically,  are  said  to  be  embodied 
in  the  design  of  the  rock-drill  and  to  be  responsible,  in  a 
great  measure,  for  its  favorable  performance.  There  are  no 
published  experimental  data  from  which  to  judge  the  degree 
to  which  the  theoretical  deductions  are  realized  in  practice, 
but  if  we  take  in  good  faith  the  claims  of  the  inventor  and 
of  the  manufacturers,  we  should  expect  that  this  new  system 
of  power  transmission  could  be  applied  with  advantage  to 
operations  involving  percussion,  as,  for  example,  in  riveting 
machines  and  piledrivers.  As  an  example  of  this  type  of 
application  to  internal-combustion  engineering,  the  manu- 
facturers cite  a  valve-actuating  device  that  has  been  used 
successfully  on  a  large  marine  Diesel  engine  for  operating 
the  fuel,  inlet  and  exhaust-valves. 


While  the  standing-wave  type  of  liquid  transmission  thus 
seems  peculiarly  adapted  to  the  operation  of  a  percussion 
machine,  it  is  easy  to  see  that  the  very  close  regulation  re- 
quired for  resonance  makes  this  method  impracticable  for 
driving  a  number  of  motors  at  variable  loads  from  one  gener- 
ator. In  this  case,  Constantinesco  proposes  rotary  motors 
that  are  capable  of  utilizing  the  energy  of  what  we  have 
called  progressive  waves.  The  theory  of  power  transmission 
by  progressive  waves  is  strikingly  similar  to  the  theory  of 
power  transmission  by  alternating  electrical  currents,  and 
involves,  besides  the  constants  R  and  C  already  mentioned, 
the  hydraulic  analogues  of  resistance,  leak,  step-up  and  step- 
down  transformers,  power  factor  and  other  terms  familiar 
to  the  electrical  engineer.  For  the  rotary  motor,  also,  this 
parallelism  between  wave-transmission  and  alternating- 
current  electrical  machines  is  very  close.  The  motor  may  be 
a  single-phase  synchronous  machine,  which,  like  its  electrical 
analogue,  can  be  started  only  after  it  has  been  brought  into 
step  with  the  generator,  and  it  can  be  operated  on  only  a 
narrow  range  of  speeds  and  loads.  A  synchronous  alternat- 
ing-current electrical  motors  were  made  possible  by  the  use 
of.  three-phase  systems  and  the  polyphase  idea  was  then 
adapted  to  single-phase  systems  by  the  use  of  a  phase- 
splitting  device  for  starting.  Similarly,  wave-motors  are  to 
be  constructed  for  operation  with  progressive  waves  trans- 
mitted through  a  single  line  of  pipe  or  through  a  system  of 
three  pipes,  corresponding  to  single  and  three-phase  alternat- 
ing-current motors,  and,  furthermore,  these  motors  may  be 
built  as  synchronous  or  as  asynchronous  machines. 

The  manufacturer  of  the  wave  transmission  equipment 
states  that  it  has  constructed  for  the  British  Government 
two  power-transmitting  units  of  the  three-phase  type;  one 
for  driving  the  propeller  of  a  warship,  and  the  other  for 
driving  the  two  propellers  of  a  twin-screw  airplane  from  one 
engine.  It  also  intimates  that  a  trial  of  this  rotary  motor 
in  a  railcar  is  contemplated.  These  and  other  projected 
applications  of  the  progressive-wave  type  of  wave-transmis- 
sion have  evidently  not  reached  the  stage  where  results  can 
be  made  public,  and  it  would  be  futile  to  speculate  concerning 
either  the  correctness  of  the  underlying  theory,  or  the  prac- 
tical significance  of  the  proposed  method  of  transmission. 


MIDGLEY  RECEIVES  THE  NICHOLS  MEDAL 


THE  Nichols  medal  is  awarded  annually  for  the  best 
original  paper  published  during  the  preceding  year  in 
one  of  the  three  journals  of  the  American  Chemical  So- 
ciety. This  year  the  honor  was  awarded  unanimously  to 
to  Mr.  Midgley's  article  on  the  Chemical  Control  of  Gaseous 
Detonation  With  Particular  Reference  to  the  Internal-Com- 
bustion Engine. 

Mr.  Midgley's  address  of  acceptance,  entitled  Some  Funda- 
mental Relations  Among  the  Elements  and  Compounds  as 
Regards  the  Suppression  of  Gaseous  Detonation,  dealt  with 
the  chemical  aspects  of  "anti-knock,"  that  he  defined  as 
"a  property  of  matter  whereby  a  material  acts  as  either  a 
negative  or  a  positive  catalyst  in  the  prevention  of  detona- 
tion in  the  internal-combustion  engine."  Mr.  Midgley  exhib- 
ited numerical  data  and  graphical   summaries  for  the  anti- 

TABLE  1 — COMPARISON  OP  RELATIVE  EFFECTS  EXERTED  UPON 
DETONATION  BY  ETHYL  AND  PHENYL  COMPOUNDS  OF  FOUR 
ELEMENTS 

Reciprocal                   Molecules 
of  Number  of          Required  Eqaiva- 
Grams  To  Give          lent  to  One  Gram- 
Anti-Knock  Effect  Molecule  of  Aniline" 
Element                 Ethyl  Compound        Phenyl  Compound 
Iodine                                     1.090                             0.88 
Selenium                                6.900                             5.20 
Tellurium                             26.800                           22.00 
Oxygen  —  O.O.SG6  


■  Based    on    concentration    of   aniline    up   to    3    per   cent   by 
volume  in  kerosene. 

•  Induces  detonation.  "    1 


knock  properties  of  22  of  the  chemical  elements.  For  in- 
stance, Table  1  illustrates  how  the  anti-knock  value  changes 
for  the  most  important  of  these  elements. 

Among  the  data  presented  in  Mr.  Midgley's  address  are 
the  following  values  for  the  reaction  velocity  constant  K 
determined  for  the  kerosene  and  the  apparatus  used  by 
Mr.  Midgley  and  Robert  Janeway  in  the  experiments  de- 
scribed in  the  April  number  of  the  Journal: 

Concentration  Pb  Et«  K 

Cc.  per  Gal. 

0  3.250  X  10-7 

1  3.170  X  lO"7 

2  3.075  X  10"7 
4  2.970  X  10"7 
8                                                        2.860  X  10"7 

16  2.760  X  lO"7 

The  decrease  of  K  with  an  increasing  lead  tetraethyl  con- 
centration is  in  a  sense  predicted  by  Mr.  Midgley's  theory, 
but  it  should  be  noted  that,  although  these  figures  probably 
give  a  correct  idea  of  the  variation,  they  include  an  ap- 
paratus variable  and  therefore  do  not  represent  the  abso- 
lute values  of  the  reaction  velocity  constant. 

The  far-reaching  chemical  significance  of  Mr.  Midgley's 
researches  on  detonation  is  clearly  expressed  in  this  award 
to  an  automotive  engineer  of  a  prize  much  coveted  by 
American  chemists.  This  incident  illustrates,  furthermore, 
how  research  in  one  field  often  leads  to  results  of  the 
greatest  importance  in  some  apparently  unrelated  field,  and 
the  automotive  industry,  in  congratulating  Mr.  Midgley  on 
the  signal  honor  bestowed  on  him,  may  well  feel  proud  of 
its  contribution   to  chemical  science. 
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SIX-POINT  CARBON  RANGE  PROPOSED 

Iron    and    Steel    Division    to    Consider    Specifying 
Closer  Limits  for  Steels 

The  Iron  and  Steel  Division  has  been  asked  by  a  metal- 
lurgist connected  with  one  of  the  larger  automobile  producers 
to  consider  revising  the  present  S.  A.  E.  Iron  and  Steel 
Specifications  so  as  to  specify,  among  other  requirements,  a 
six-point  carbon  range  for  alloy  steels. 

For  many  years  the  steel  producers  have  been  controlling 
their  product  so  that  the  carbon-content  has  come  within 
the  range  of  10  points  (0.10  per  cent)  specified  in  the  present 
S.  A.  E.  Iron  and  Steel  Specifications.  Closer  ranges  have 
not  been  attempted,  as  it  was  recognized  by  the  users  as  well 
as  by  the  producers  that  such  refinements  would  mean  an 
increase  in  the  cost  of  the  steel.  A  few  of  the  larger  com- 
panies have,  however,  decided  as  a  result  of  experience  that 
for  certain  parts  closer  limits  than  those  specified  in  the 
present  S.  A.  E.  Steel  Standards  are  desirable.  As  they  are 
purchasing  in  large  quantities,  it  is  possible  for  them  to 
obtain  closer  limits  through  the  use  of  resident  inspectors  at 
the  mill.  As  it  is  impractical  to  use  two  methods  of  num- 
bering steel  in  one  plant,  companies  desiring  steel  made  to 
closer  limits  have  used  their  own  specification  numbers  rather 
than  the  S.  A.  E.  Specification  numbers.  It  has  therefore 
been  suggested  that  the  present  method  of  numbering 
S.  A.  E.  Steels  be  changed  to  a  system  that  would  make 
it  possible  to  specify  any  steel  composition.  The  suggestions 
that  have  been  submitted  to  the  Iron  and  Steel  Division  for 
consideration  are  given  herewith. 

(1)  The  carbon  range  of  10  points  for  all  carbon  steels 
to  remain  as  at  present 

(2)  The  manganese  range  for  all  carbon  steels  to  be 
30  points 

(3)  The  same  sulphur  and  phosphorus  limits  to  be 
specified  for  all  carbon  steels 

(4)  The  same  silicon  limits  to  be  specified  for  all  car- 
bon steels 

(5)  The  carbon  range  for  all  alloy-steels  to  be  6  points 

(6)  The  manganese  range  for  all  alloy-steels  to  be  20 
points 

(7)  The  same  nickel  range  to  be  specified  for  all 
nickel,  nickel-chromium  or  nickel-molybdenum 
steels 

(8)  The  same  chromium  range  to  be  specified  for  all 
chromium  vanadium,  nickel-chromium  or  chro- 
mium-molybdenum steels 

(9)  The  same  sulphur  and  phosphorus  content  to  be 
specified  for  all  alloy-steels 

(10)  The  same  molybdenum  and  vanadium  ranges  to  be 
specified  for  all  alloy-steels 

(11)  The  adoption  of  a  more  comprehensive  system  of 
numbering 

In  reference  to  the  adoption  of  a  more  comprehensive 
system  of  numbering  the  following  system  was  suggested: 

The  first  two  digits  of  the  specification  number 
should  designate  the  classification  of  the  steel  as  at 
present.  The  next  two  digits  should  designate  the 
carbon-content    desired,    and    the    last    two    digits    the 


manganese-content  desired.  S.  A.  E.  Steel  No.  103865 
would  then  indicate  a  carbon  steel  of  0.38  per  cent 
carbon,  10  points  variation  (0.33-0.43)  and  0.65  per  cent 
manganese,  30  points  variation  (0.50-0.80).  The  sul- 
phur and  phosphorus  content  would  be  standard  as  well 
as  the  silicon.  S.  A.  E.  Steel  No.  333070  would  indicate 
a  nickel-chromium  steel  of  standard  nickel  and 
chromium  content,  with  carbon  0.30  per  cent,  6  points 
variation  (0.27-0.33)  and  manganese  0.70  per  cent,  20 
points  variation  (0.60-0.80).  The  sulphur  and  phos- 
phorus-content would  be  standard  as  well  as  the  silicon. 

With  the  proposed  system  it  would  be  possible  to  specify 
any  grade  of  steel  with  any  percentage  of  carbon  or  manga- 
nese that  is  desired  for  a  given  requirement.  It  would  also 
be  possible  for  all  users  of  steel  outside  -of  the  automotive 
industry  to  apply  their  particular  analyses  to  the  system. 


WHEEL  MOUNTINGS  CRITICIZED 

As  a  result  of  several  criticisms  in  reference  to  the  wheel 
mounting  recommendation  made  by  the  Axle  and  Wheels  Divi- 
sion and  now  printed  on  p.  Flc  of  the  S.  A.  E.  Handbook, 
the  dimensions  specified  in  the  present  standard,  together 
with  the  supplementary  dimensions  that  were  approved  by 
the  Division  at  a  recent  meeting,  will  be  laid  out  to  scale 
and  blueprints  of  the  layout  sent  to  members  of  the  Division 
for  study.  If  it  is  found  after  careful  analysis  that  changes 
in  the  present  standard  or  in  the  supplementary  dimensions 
proposed  are  advisable,  such  changes  will  be  recommended 
by  the  Division  at  the  Summer  Meeting  of  the  Standards 
Committee. 


HARDWOOD  LUMBER  SURVEY  UNDER  WAY 

With  the  arrival  of  two  representatives  of  the  Forest 
Products  Laboratories  at  the  plant  of  the  Fisher  Body 
Corporation  in  Detroit,  the  program  of  the  Passenger-Car 
Body  Division  on  the  standardization  of  hardwood  lumber  in 
cooperation  with  the  Central  Committee  on  Lumber  Standards 
and  its  consulting  committee  was  considered  to  be  well  under 
way.  The  representatives  working  with  R.  E.  Brown  of  the 
Fisher  Body  Corporation,  who  is  a  member  of  the  S.  A.  E. 
Subdivision  on  Hardwood  Lumber  Standardization,  will  make 
a  careful  survey  of  the  hardwood  lumber  requirements  of  his 
company  with  the  idea  of  working  out  plans  that  may  be 
extended  to  other  body  companies  in  determining  the  require- 
ments of  the  automotive  industry  for  factory  cut-up  sizes  of 
hardwood  lumber  of  body  framing. 

The  lumber  standardization  program  was  initiated  at  a 
conference  held  in  Washington  at  the  request  of  Secretary 
Hoover,  the  Central  Committee  of  Lumber  Standards  being 
organized  at  that  time  to  formulate  American  standards  for 
the  sizes  of  lumber  and  methods  of  grading  so  as  to  place 
the  industry  on  a  more  efficient  basis  for  the  conservation 
of  the  lumber  supply  through  the  elimination  of  the  wastage 
and  misunderstanding  resulting  from  present  practice.  The 
Central  Committee  on  Lumber  Standards  is  representative 
of  the  lumber  producer,  the  jobbers,  the  consuming  interests 
and  the  national  engineering  societies.  A  consulting  com- 
mittee that  is  advisory  to  the  Central  Committee  is  composed 
of  representatives  of  the  several  branches  of  the  lumber- 
producing  industries,  particularly  the  consuming  industries 
and    the    national    standardization    bodies.      The    Society    is 
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represented   on    the  consulting   committee   by    R.   E.    Brown, 
of  the  Fisher  Body  Corporation. 

To  further  the  work  of  the  consulting  committee  with 
special  reference  to  the  automotive  industry,  the  Society 
organized  a  Subdivision  to  facilitate  the  gathering  of  specific 
data  from  the  body  builders.  The  personnel  of  the  Sub- 
division is  as  follows: 
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G.  J.  Mercer.  Chairman 
R.  E.  Brown 
R.  A.  LaBarre 
T.  J.  Litle,  Jr. 
F.  F.  Murray 

J.  E.  Schipper 
A.  T.  Upson 


Consulting  Engineer 

Fisher  Body  Corporation 

Towson  Body  Co. 

Ford  Motor  Co. 

Hardwood  Manufacturers' 
Institute 

Class  Journal   Co. 

Forest  Products  Labora- 
tories 


ALUMINUM  MOLDING  STANDARDS  NEEDED 

Range  of  Types  and  Sizes  Now  Used  Heavy  Burden 
on  Manufacturers 

The  Subdivision  on  Aluminum  Molding,  which  was  ap- 
pointed by  Passenger-Car  Body  Division  in  1922,  has  sub- 
mitted a  progress  report  that  is  given  in  full  in  the 
accompanying  tables  and  illustrations.  The  report  has  been 
submitted  for  criticism  to  the  body  builders  and  to  the 
passenger-car  companies  building  bodies. 

The  adoption  of  standard  aluminum  moldings  in  actual 
production  will  eliminate  the  great  variety  of  types  and 
sizes  that  are  used  in  the  industry  today  and  necessitate  an 
unnecessarily  large  investment  in  tools  and  stock  which 
increases  the  cost  of  production.  The  types  and  sizes  of 
molding  proposed  by  the  Subdivision  are  considered  more  or 
less  standard  at  the  present  time  and  it  is  believed  that  they 
will  meet  normal  future  requirements,  the  standards  being 
intended  for  adoption  only  when  changes  in  production  and 
design  economically  permit. 
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DIMENSIONS  FOR  ELL  MOLDING 


No. 

A 

B 

C 

Estimated  Weight 
Lb.  per  Ft. 

1 

% 

% 

% 

0.238 

1 

1 

3/16 

0.455 

3 

IV* 

1% 

% 

0.791 

4 

1% 

1% 

% 

0.954 

5 

2 

2 

V* 

1.280 

6 

2y2 

2% 

Vi 

1.607 
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DIMENSIONS 

FOR   BELT 

MOLDING 

No. 

1 

A 

3/16 

B 

% 

c 

0.019 

Estimated  Weight, 

Lb.  per  Ft. 

0.107 

2 

3/16 

% 

0.020 

0.117 

3 

3/16 

% 

0.019 

0.086 

4 

Vi 

1 

0.025 

0.228 

5 

V* 

% 

0.025 

0.186 

6 

% 

IVi 

0.025 

0.286 

7 

5/16 

1% 

0.030 

0.300 

FELT  SPECIFICATIONS  APPROVED 


Thirteen  Classifications  of  Felt  Included  in  Report 
of  Subdivision 

Although  there  has  been  a  wide  difference  of  opinion  as  to 
the  possibility  of  formulating  practical  specifications  for  felt 
the  Subdivision  of  the  S.  A.  E.  Parts  and  Fittings  Division 
that  was  appointed  some  time  ago  to  consider  the  practi- 
cability of  formulating  felt  specifications  has  submitted  a 
preliminary  report  covering  the  specifications  that  are  con- 
sidered to  meet  the  requirements  of  the  automotive  industry. 

Whether  or  not  these  specifications  are  satisfactory  for 
adoption  as  S.  A.  E.  Recommended  Practice  or  as  S.  A.  E. 
Standard  will  be  decided  largely  by  the  consensus  of  opinion 
of  felt  users  as  determined  by  a  general  letter  that  has  been 
sent  to  passenger-car,  motor-truck  and  axle  manufacturers. 

To  determine  the  percentage  of  wool,  the  following 
method  abstracted  from  Sadtler's  Industrial  Organic 
Chemistry  should  be  used 

Boil  a  2-gram  sample  of  the  material  to  be 
tested  in  60  to  80  cc.  of  sodium-hydroxide  solu- 
tion of  1.02  specific  gravity  for  15  min.,  using  a 
reflux  condenser.  Wash  the  residue  with  dis- 
tilled water  until  the  sodium-hydroxide  and  the 
saponified  wool  are  removed,  then  press  out  the 
water,  dry  in  air  and  weigh. 

Per  Cent  Wool  =  100  (W  —  1.05  to)  H-  W 
where 

W  =  the  weight  of  the  original  sample 
iv  =  the  weight  of  the  residue 
Since  hair  and   other  animal  fibers  similar  to 
wool   will  be  saponified   and  included  in  the  re- 
sulting   percentage,    a    microscopic    examination 
should  be  made  of  the  original  sample. 
All  of  the  above  grades  of  felt  shall  be  free  from 
starch,   glue   or   other  artificial   binders   unless   other- 
wise specified. 
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TABLE    1 — PROPOSED    FELT    SPECIFICATIONS 


Specification 
No. 
Fl 
F2 
F3 
F10 
Fll 
F12 
F13 
F15 
F26 
F30 
F50 
F51 
F60 
"  50   per   cent 


Wool,  Per  Cent 

100 

100 

95-100 

100 

100 

90-95 

80-85 

60-65 

50-55 

100 

100 

70 

50° 


Classification 
Back  Check 
Back  Check 
Back  Check 
Firm  Pad 
Firm  Pad 
Firm  Pad 
Firm  Pad 
Firm  Pad 
Soft  Pad 
Medium  Sheet 
Colored  Shoe  Upper 
Shoe   Upper 
Asbestos 
reworked    wool   and    50   per   cent   wool    substitutes. 


Remaining  Ash, 

Thickness  Tolerance, 

Per  Cent 

Color 

Plus  or 

Minus,  Per  Cent 

1.00 

White 

10 

1.00 

Any  Color 

10 

1.25 

Any  Color 

10 

1.00 

White 

10 

1.25 

Grey 

10 

1.25 

Grey 

10 

1.25 

Grey 

10 

1.50 

Grey 

10 

1.50 

Grev 

10 

1.25 

White 

5 

1.25 

All  Colors 

10 

1.25 

Grey  and 

Black 

15 

5.00 

Grey 

15 

TABLE  2 — THICKNESS  AND  WEIGHT  OP  PROPOSED  STANDARD  FELTS 

Weight  of  Felt,  Lb. 

per  Sq.  Yd. 

Allowable  Tolerance,  Plus  or  Minus  10  Per  Cent 

Specifi- 
cation 

Felt  Thickness,  In. 

Xo. 

Vs 

3 
16 

lA 

5 
16 

% 

y2 

/4 

1 

1M 

2 

Fl 

2.00 

3.00 

3.95 

5.10 

6  00 

8.20 

F2 

2.00 

3.00 

3.95 

5.10 

6.00 

8.20 

F3 

2.00 

3  00 

3.95 

5.10 

6.00 

8.20 

F10 

1.50 

1.75 

2.25 

2.75 

3.25 

4  25 

Fll 

1.50 

1.75 

2.25 

2  7.5 

3.25 

4  2.") 

F12 

1.50 

1.75 

2.25 

2.75 

3.25 

4  25 

F13 

1.50 

1.75 

2.25 

2  75 

3.25 

4  25 

Flo 

1.50 

1.75 

2.25 

2.75 

3.25 

4  25 

F26 
F30 

1.10 

1.50 

1.90 
5.00 

Y.  50 

io'oo- 

17  50 

20^00 

30^00 

4o!6o 

F50* 

F51e 

F60 

1  50 

2^25 

3'00 

4'50 

6^00 

*  Specif 
when   0.0 

:cation  No. 
50   in.  thick 

F50  shall  w 
26  oz.  whe 

eigh   20  oz. 
n  0.065  in. 

per  yd.   60. 
thick  ■    28  o: 

in.  wide  wl 
:.  when   0.0" 

en  0.050   in 
0   in.    thick 

thick;    22 
30   oz.    wh 

oz.   when   0.055    in.    thick;    24   oz. 
en    0.075    in.    thick ;    32    oz.    when 

0.0S0   in.   thick  and   34  oz.   when   0.085   in.  thick. 

c  Specification  No.   F51   shall   weigh   6  oz.   per  yd.     60   in.   wide    when    1/32    in. 
when  1/16  in.  thick  and  IS  oz.  when  5/64  in.  thick. 


thick;    10   oz.    when    3/64    in.    thick;    14   oz. 


<--3f-^-/i-*. 


7" 


All  weights  shall  be  based  on  the  thickness  of  the 
felt  as  ordered  and  no  correction  in  weight  shall  be 
made  for  variations  in  the  thickness  of  the  material 
received. 

The  appearance,  hardness,  and  oil-absorption  qual- 
ities shall  be  in  accordance  with  a  sample  of  felt  ap- 
proved by  the  engineering  department  and  retained  as  a 
standard  by  the  purchasing  and  inspection  departments. 

General  Information. — Back  check  and  firm  pad  felts 
are  recommended  for  use  in  washers,  bushings,  oiling 
wicks,  door  bumpers  and  similar  parts. 

Soft  pad  felt  is  intended  for  chassis  strips.  Medium 
sheet  felt  is  intended  for  use  where  a  felt  harder  than 
back  check  felt  is  required. 

Colored  shoe  upper  felt  is  intended  for  use  for  ball 
and  roller  bearing  oil-retainer  washers  and  for  use 
where  an  accurate,  thin,  smooth,  high-grade  felt  is 
desired. 

Shoe  upper  felt  is  intended  for  use  where  a  felt 
thinner  than  back  cheek  or  pad  felt  is  required  and 
where  the  higher  quality  of  colored  shoe  upper  felt  is 
not  required. 

Asbestos  felt  is  intended  for  such  applications  as  soft 
top  padding  or  cushions. 


CLUTCH  STANDARDS  PROPOSED 


Proposed  Standard  for  Clutch  Housings 


Housings   Satisfactory  for   Both   Single-Plate   and 
Multiple-Disc  Clutches 

For  some  time  the  Subdivision  on  Clutch  Standardization 
has  been  considering  the  possibility  of  .standardizing  clutch 
housings  so  as  to  permit  interchangeability  of  different 
makes  of  multiple-disc  and  single-plate  clutch.     The  dimen- 
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sions,  the  standardization  of  which  is  considered   necessary 
to  obtain  such  interchangeability,  are 

(1)  The  distance  from  the   flywheel   face   to   the   rear 
throw-out  position  of  the  clutch  sleeve 

(2)  The   position  of  the  throw-out  yoke  for  the  pull- 
sleeve  type  of   clutch. 

In  determining  upon  satisfactory  dimensions,  it  was  recog- 
nized that  the  greater  the  distance  from  the  flywheel  to  the 
rear  throw-out  position,  the  greater  the  weight  of  the  hous- 
ing, and  the  consequent  overhang  of  the  transmission,  which 
would  work  a  decided  hardship  on  the  large  producers  of 
small  and  medium-size  cars.  A  dimension  of  6%  in.  was 
therefore  selected  as  shown  in  the  accompanying  illustration. 

The  1%  and  1%-in.  dimensions  proposed  for  the  location 
of  the  throw-out  yoke  were  selected  as  providing  a  satisfac- 
tory position,  which  at  the  same  time  would  permit  a  reason- 
able pedal  ratio  for  both  multiple-disc  and  single-plate 
clutches. 

Although  it  is  recognized  by  the  Subdivision  that  the  trend 


among  large  producers  is  to  make  the  overall  clutch  length 
much  less  than  recommended  by  the  Subdivision,  it  is  con- 
sidered desirable  to  present  the  above  recommendation  be- 
cause it  would  greatly  simplify  the  problems  of  the  trans- 
mission and  clutch  manufacturers  and  thus  work  to  the  ad- 
vantage of  the  greatest  number  of  car  producers.  The  Sub- 
division will,  however,  endeavor  to  establish  a  standard  for 
the  short  clutch  housing. 


DOOR-HINGE  STANDARDIZATION  FAVORED 

Comments  received  from  passenger-car  body  builders  in 
reference  to  the  Subdivision  recommendations  for  door- 
hinges  indicate  that  with  slight  revisions  the  recommendation 
will  be  acceptable  to  the  body  industry.  It  is  therefore 
anticipated  that  the  Passenger-Car  Body  Division  will  be 
in  a  position  to  make  a  definite  recommendation  on  this  sub- 
ject to  the  Standards  Committee  at  the  Summer  Meeting 
that  will  be  held  at  Spring  Lake,  N.  J.,  June  19. 


THE  SOCIETY  IN  AUSTRALIA 


THE  following  letter  from  the  Associated  Trade  Journals 
Co.  of  Sydney,  Australia,  is  of  interest  as  indicating  the 
ever-increasing  sphere  of  the  Society's  work  and  the  appre- 
ciation of  our  foreign  associates  of  what  the  Society  is  en- 
deavoring to  accomplish  for  the  industries  through  the 
S.A.E.  standardization. 

Sydney,  2nd  March,  1923. 
Society  of  Automotive  Engineers,  Inc.,  New  York. 

We  have  to  acknowledge  the  receipt  of  your  letter  of 
15th  December,  and  to  advise  that  the  S.  A.  E.  Stand- 
ards and  Recommended  Practices  duly  came  to  hand, 
together  with  the  other  publications  mentioned  by  you. 
We  have  to  thank  you  sincerely  for  your  permission 
to  reproduce  a  selection  of  these  Standards,  and  believe 
that  your  help  in  this  matter  will  be  productive  of  good 
results  both  in  Australia  and  in  your  country;  not  only 
will  it  assist  the  manufacturing  engineer  in  the  grow- 
ing motor  industry  here,  but  it  will  help  to  show  our 
people  the  careful  and  thorough  consideration  that  has 
been  given  to  these  matters  in  the  United  States. 

Apart  from  this  will  you  accept  our  congratulations, 
both  upon  the  wide  area  you  have  covered  and  upon 
the  thoroughness  with  which  you  have  dealt  with  the 
many  problems. 

We  are  very  interested  in  the  work  being  accom- 
plished by  your  Society  and  would  like  to  keep  in  close 
touch  with  your  activities.  But  it  is  not  easy  to  see 
just  how  our  activities  fit  in  with  a  plan  of  operation. 
We  certainly  wish  to  receive  your  monthly  Journal, 
and  all  standards,  etc.,  as  issued. 

Although   Australia,   the    "South    Sea    Empire,"   is   not   a 
large  manufacturing  country  comparatively  as  yet,  it   is   a 


land  of  wonderful  natural  resources  and  is  working  toward 
a  leading  position  in  industrial  activities.  The  following 
figures'  indicate  the  rapidly  increasing  importance  of  Aus- 
tralia as  a  prospective  buyer  of  automotive  vehicles. 


AUTOMOBILES  EXPORTED  TO  AUSTRALIA 

Passenger  Cars 

Trucks 

Year 

Number         Value 

Number 

Value 

1913 

2,083       $1,896,990 

17 

$23,027 

1914 

3,099         2,615,896 

32 

37,378 

1915 

2,169         1,768,479 

57 

84,142 

1916 

5,335         4,147,302 

201 

295,538 

1917 

5,055         3,792,571 

194 

237,159 

1918 

4,307         3,410,557 

109 

163,405 

1919 

3,905         4,016,751 

418 

565,406 

1920 

8,989       10,034,626 

985 

1,436,589 

1921 

....       3,020         3,065,890 

720 

1,194,900 

1922 

....     11,236         8,716,930 

1,095 

1,211,199 

1  These 

figures    were    obtained    from 

Chamber 

of  Commerce   and   do   not   incl 

ude   New  Zealand. 

The  producers  of  vehicles  exported  to  Australia  bear  the 
responsibility  of  building  into  their  product  units,  acces- 
sories and  materials  that  will  enable  the  purchasers  to  get 
maximum  life  and  economical  operation.  The  servicing  of 
these  vehicles  in  a  so  distant  land  is  of  prime  importance 
and  the  vehicle  builders  can  render  their  users  the  best  ser- 
vice in  the  replacement  of  parts  in  the  least  time  and  at 
lowest  cost  by  using  the  Standards  that  the  Society  of  Auto- 
motive Engineers  has  been  formulating  and  publishing  for 
many  years  in  the  S.  A.  E.  Handbook. 


METRIC   TIRE-SIZES 


A  COMPARISON  of  the  statistics  of  export  shipments  of 
automobile  tires  compiled  by  the  Rubber  Association  of 
America,  Inc.,  with  the  official  customs  returns  for  1922, 
shows  that  roughly  75  per  cent  of  the  exports  are  reported 
to  the  Rubber  Association.  Of  this  75  per  cent,  the  propor- 
tions of  metric  sizes  exported  are  casings,  24  per  cent;  tubes, 
14  per  cent;  and  solid  tires,  20  per  cent. 

It  is  said  that  the  tendency  is  toward  the  use  of  straight- 
side  tire  equipment  on  European  cars.     The  thorough  adop- 


tion of  cord  tires  in  metric  sizes  by  leading  European  builders 
is  a  step  in  this  direction,  because  of  the  difficulty  of  making 
satisfactory  extensible  beads  for  cord  casings,  and  the  non- 
extensible  straight-side  bead  is  the  logical  solution.  The 
facts  that  Rolls  Royce  has  adopted  straight-side  equipment 
as  standard  and  that  all  winners  of  recent  classical  road- 
races  used  straight-side  tires  are  additional  evidence  of  the 
general  tendency  toward  the  increasing  use  of  this  type  of 
tire  throughout  the  world. 
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AUTO  TRANSPORT  MEETING    SUCCESSFUL        TRUCK  AXLE  EFFICIENCIES  COMPARED 


Trucking.  Bus  and  Taxicab  Papers  Reflect  Advance  of 

Engineering  in  Operating  Field 

The  development  of  sound  motor-transport  engineering 
principles  received  great  impetus  at  the  first  Automotive 
Transportation  Meeting  of  the  Society  in  Cleveland  April 
26  to  28.  Close  to  200  persons  from  all  sections  of  the  Coun- 
try and  all  branches  of  the  transportation  field  were  in  at- 
tendance. The  keynote  of  the  meeting  was  the  promotion 
of  a  better  understanding  between  the  operators  of  the  rail- 
roads and  electric  railways  on  the  one  hand  and  the  auto- 
motive industry  on  the  other.  It  is  fortunate  that  the  So- 
ciety should  devote  a  national  meeting  to  motor-transport 
problems  at  a  time  when  the  motor  truck  and  the  motorbus 
are  just  beginning  to  be  accepted  as  highly  valuable  acces- 
sories to  the  railroad  and  the  street  car  instead  of  being  re- 
garded as  their  pernicious  competitors.  It  was  clearly  evi- 
dent, as  one  listened  to  the  papers  and  discussion  that  motor 
transport  is  an  established  arm  of  the  Nation's  transporta- 
tion system;  basic  fundamentals  of  operation  are  not  estab- 
lished definitely  as  yet,  but  successful  applications,  such  as 
those  described  at  the  meeting,  are  bringing  the  problems  and 
their  solutions  to  the  surface.  This  will  result  eventually 
in  the  establishment  of  automotive  transportation  engineer- 
ing as  a  distinct  and  important  science.  The  Cleveland  meet- 
ing represents  the  Societies  effort  to  interest  engineers  in  the 
development  of  this  science  and  to  attract  into  its  member- 
ship those  motor  transport  experts  who  are  pioneering  this 
development   in   order   that  they   may   be  closely   associated 


Bureau  of  Standards  Tests  Show  Triple-Reduction  Type 
Has  Lowest  Overall  Power  Loss 

The  Thursday  morning 
meeting  was  opened  with 
a  paper  on  axle  efficiencies 
prepared  and  read  by  S. 
Von  Amnion  of  the  Bu- 
reau of  Standards  staff. 
The  data  and  conclusions 
were  the  result  of  an  ex- 
tensive group  of  tests  un- 
dertaken by  the  Bureau 
for  the  Motor  Transport 
Corps  with  the  object  of 
determining  which  type  of 
rear  axle  was  best  suited 
to  the  service  and  operat- 
ing conditions  encountered 
by  the  vehicles  used  in  the 
transportation  of  Army 
materiel.  The  tests  were 
limited  to  heavy  axles,  capable  of  duty  under  trucks  of  the 
5-ton  class.  Eight  axles  were  tested  and  included  repre- 
sentative worm,  double-reduction,  triple-reduction  and  in- 
ternal-gear types.  The  tests  were  made  by  driving  the  axles 
with  an  electric  dynamometer  through  a  standard  Class  B 
Army  truck  transmission  rigidly  mounted  on  the  field  frame 
of   the    electric    dynamometer.      The   power   output   was   ab- 


R.  E.  Fielder 


"W.  H.  Lyford 
Three  Prominent  Speakers  in  the  Discussion 


David  Beecrof  t 


with  the  designers  and  producers  of  the  vehicles  used  in  their 
operations. 

The  meeting  program  included  four  professional  sessions, 
a  group  of  factory  visits  and  a  dinner.  Seven  of  the  nine 
papers  read  at  the  sessions  are  printed  in  full  in  this  issue 
of  The  Journal.  The  following  pages  contain  a  resume  of 
the  discussions  of  the  papers  and  a  report  of  the  addresses 
at  the  Transportation  Dinner. 


sorbed  by  prony  brakes  at  the  rear  wheels.  The  differentials 
were  locked  during  the  tests  by  filling  them  with  soft  metal 
and  the  brake  mechanism  was  removed  to  avoid  brake-drag 
losses.  Each  of  the  axles  was  run  for  a  sufficient  time  pre- 
vious to  the  official  runs  to  reduce,  as  far  as  possible,  any 
change  in  mechanical  fits  during  the  actual  tests. 

The  influence  of  oil  temperature  on  the  performance  of  the 
axles  made  it  necessary  to  take  observations  at  definite  tem- 
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peratures  for  each   of  the  test  runs.     This  resulted   in   the 
following  program  of  tests  being  carried  out. 


1. 


2. 


3. 


4. 


6. 


Preliminary  power  runs  at  8.5  m.p.h.  and  various 
temperatures  up  to  100  deg.  cent.  (212  deg.  fahr.). 
Efficiency  tests  at  six  different  speeds  and  several 
temperatures. 

Temperature-rise  run  at  15  m.p.h.  with  a  constant 
load  of  about  50  hp. 
Check  runs  at  2.5  and  15  m.p.h.  and  a  temperature 

of  70  deg.  cent.  (158  deg.  fahr.). 
No-load   tests   at   several    speeds   and   oil    tempera- 
tures. 

Break-down  tests  at  2.5  m.p.h.  with  a  constant  load 
of  50  hp.     Oil-temperature  rise  observed. 


Government  specification  lubricant  was  used  and  the  oil 
level  was  kepi,  constant  throughout  the  tests. 

In  analyzing  the  results  of  the  tests  it  was  found  possible 
to  separate  the  losses  into  (a)  no-load  losses,  and  (b)  load 
losses;  the  total  losses  are  the  sum  of  these  two.  In  general, 
the  no-load  losses  were  primarily  controlled  by  the  viscosity 
and  the  method  of  applying  the  lubricant.  They  were  greater 
in  those  axles  where  the  parts  rotating  at  high  speeds  "were 
immersed  most  completely  in  the  oil.  Where  a  separate  body 
of  lubricant  was  used  in  the  wheels,  the  losses  were  still 
greater.  In  a  given  axle  these  losses  are  increased  with  an 
increase  in  the  viscosity  of  the  lubricant  and  with  the  pro- 
peller-shaft speeds. 

The  load  losses,  expressed  as  torque,  were  practically  in- 
dependent of  the  speed  and  of  the  viscosity  and  the  method 
of  applying  the  lubricant.  They  increased,  however,  with  an 
increase  of  the  torque  input  and  at  an  increasing  rate.  In  the 
case  of  the  Class  B  worm-type  axles,  the  increase  in  the  load 
losses  with  an  increased  torque-input  was  greater  than  with 
any  of  the  gear-type  axles.  The  use  of  a  lubricant  of  a  lower 
viscosity  at  low  temperatures  would  improve  the  mechanical 
efficiency  under  the  more  unfavorable  conditions  of  speed  and 
temperature  and  would  seem  advisable.  Some  improvement  in 
the  method  of  circulating  the  oil  is  suggested  as  desirable  by 
the  results  since  the  high  no-load  losses  of  some  of  the  axles 
show  the  present  method  of  circulation  to  be  very  inefficient. 

The  characteristic  difference  between  the  worm-drive  and 
gear-drive  types  is  demonstrated  by  the  greater  load  losses 
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of  the  former  type.  One  of  the  curves  taken  from  Mr.  Von 
Ammon's  paper  is  shown  herewith  to  indicate  the  torque 
losses  of  the  different  axles  with  increasing  torque  input. 

M.  C.  Horine  asked  why  the  conventional  double-reduction 
axle,  in  which  the  primary  reduction  is  through  bevel  gears 
and  the  final  reduction  is  through  a  single  pair  of  spur  gears, 
was  not  tested.  Also,  why  was  the  chain  drive  omitted? 
A.  W.  S.  Herrington  of  the  Motor  Transport  Corps  replied 
that  no  axles  of  the  former  type  were  made  in  the  heavy  duty 
or  five-ton  class.  The  chain  drive  was  omitted  because  it  is 
not  suitable  for  Army  service  in  the  judgment  of  the  Motor 
Transport  Corps  engineers.  Mr.  Herrington  warned  those 
present  that  the  results  of  the  tests  must  be  accepted  as  ap- 
plying primarily  to  military  service.  The  worm  axles  tested 
were  designed  to  have  a  maximum  road  clearance  and  this 
limited  the  size  of  the  worm  gear.  In  the  case  where  road 
clearance  was  not  a  factor  the  worm-wheel  could  be  made 
large  with  the  worm  underneath ;  the  conditions  demanding 
low  speed  and  high  torque  in  military  service  might  not  pre- 
vail; silent  operation  might  be  a  paramount  condition.  In 
such  a  case,  the  worm  drive  axle  would  appear  to  much  better 
advantage. 

Mr.  Von  Ammon's  paper  will  appear  in  full  in  the  June 
issue  of  The  Journal. 


MOTOR-TRUCK  INDUSTRY  IS  SOUND 


wrong  with   the   industry   and 


Input  Torc)ue)  Ib-in 

Curves  Showing  How  the  Torque  Losses  of  Different  Types  of 
Rear  Axle  Increase  with  the  Torque  Input 


Exception  Taken  to  Inference  That  Trucks  Cannot  Be 
Sold  and  Operated  Profitably 

In  the  paper  read  by 
S.  G.  Thompson  at  the 
Transportation  Meeting 
exception  was  taken  to  the 
title  of  a  pamphlet  pub- 
lished recently  by  one  of 
the  trade  papers  which 
read,  "What  Is  Wrong 
with  the  Motor-truck  In- 
dustry?" Mr.  Thompson's 
paper  is  printed  in  full 
on  p.  446  of  this  issue.  He 
reviews  the  history  of  the 
motor-truck  industry,  and 
the  great  changes  in  con- 
ditions of  transportation 
demand  are  stated  as  con- 
clusive proof  that  the  mo- 
tor truck  is  a  permanent 
asset,   that  there    is  nothing 

that,   to   the    contrary,    the    motor-truck    industry   is   funda- 
mentally right. 

David  Beecroft,  publisher  of  the  pamphlet  in  question, 
was  present  at  the  meeting  and  replied  to  Mr.  Thompson  in 
the  discussion.  He  said  that  the  title  to  the  pamphlet  had 
been  chosen  for  the  purpose  of  exciting  interest  in  the  text 
matter  that  contained  no  reflection  on  motor  trucks  or  the 
industry.  It  is  necessary  that  opinions  be  founded  on  text 
rather  than  titles.  The  text  of  the  pamphlet  was  based  on 
the  user's  point  of  view  entirely;  it  represented  an  attempt 
to  set  down  the  problems  facing  the  operator  of  motor 
vehicles  as  reflected  in  responses  to  a  large  number  of  ques- 
tionnaires sent  to  25,000  fleet  operators  all  over  the  world. 
It  was  found  that  their  transport  problems  are  not  prob- 
lems of  the  vehicle,  but  are  problems  of  transportation. 
Maintenance  was  the  problem  of  81  per  cent  of  those  who 
replied;  organization  troubled  74  per  cent;  cost  determina- 
tion was  worrying  72  per  cent;  operating  plans  or  control  of 
the  vehicle  on  the  street  interested  72  per  cent;  selection 
and  handling  of  drivers  was  the  problem  of  69  per  cent. 
This  indicates  that  these  operators  are  satisfied  with  their 
vehicles  as  a  transport  tool,  but  they  are  troubled  with 
problems  of  organization  and  operation. 

Later  reports  show  that  the  problem  of  personnel  stands 
highest;  training  and  supervising  drivers,  loaders,  helpers, 
inspectors  and  mechanics.     Yesterday,  under  the  horse  re- 
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gime,  the  horse  was  the  yardstick  by  which  a  day's  trans- 
portation service  was  measured.  Fifteen  miles  was  the 
limit  of  his  daily  travel  and  the  driver's  initiative  counted 
for  little.  We  now  have  a  vehicle  that,  if  properly  main- 
tained, can  be  operated  nearly  24  hr.  each  day.  The  ca- 
pacity of  this  new  unit  is  limited  only  by  the  efficiency  of 
the  organization  that  sets  it  to  work  and  keeps  it  working. 
This  condition  puts  the  burden  of  success  on  the  choice  and 
training  of  the  proper  personnel.  Mr.  Beecroft  offered  an 
apology  to  the  industry  for  anything  that  might  have  been 
said  in  the  pamphlet  that  could  be  construed  as  insinuating 
that  the  motor-truck   industry  was   falling  backward. 


SUCCESSFUL  RAIL-TERMINAL  HAULAGE 


Operations  of  St.  Louis  Firm  Using  Tractors  and  Semi- 
Trailers  Described 


A  system  of  automotive 
transportation  for  intra- 
city  hauling  and  the 
movement  of  freight  be- 
tween railroad  terminals 
that  has  proved  success- 
ful in  St.  Louis  was  de- 
scribed by  J.  F.  Murphy 
in  a  paper  read  at  the 
Thursday  morning  session 
of  the  Transportation 
Meeting.  This  paper  is 
printed  in  full  on  p.  467 
of  this  issue  of  The 
Journal. 

A.  F.  Masury  opened 
the  discussion  of  Mr. 
Murphy's  paper.  He  said 
that  this  operation  rep- 
resented a  fitting  example  of  the  logic  of  fitting  the  truck 
to  the  business  and  the  business  to  the  truck.  The  success 
of  the  Columbia  Terminals  installation  could  be  credited 
to  four  conditions;  first,  the  hauling  is  done  over  routes 
between  definitely  located  points  and  at  a  nearly  uniform 
speed;  second,  the  grade  conditions  are  not  severe;  third, 
the  loads  carried  are  fairly  near  the  full  capacity  at  all 
times;  fourth,  the  tractors  are  kept  busy  nearly  all  the 
time  by  the  dispatching  system  used.  The  operation  of 
gasoline-propelled  tractors  in  connection  with  semi-trailers 
has  received  little  support  from  truck  builders.  The  pos- 
sibility of  being  able  to  transport  two  to  three  times  the 
load  capacity  of  a  truck  without  changing  the  power  unit 
is  most  inviting,  but  there  are  many  difficulties  met  in 
carrying  the  plan  into  operation.  Many  of  these  follow  as 
a  result  of  imperfections  in  the  tractor,  the  trailer  or  the 
connection  between  the  two.  Mr.  Masury  felt  that  the 
future  for  such  equipment  does  not  lie  entirely  in  city 
work,  especially  in  view  of  the  present  tendency  in  highway 
legislation.  The  important  thing  to  keep  in  mind  is  that 
the  tractor-trailer  combination  will  come  within  the  require- 
ments of  highway  laws,  up  to  a  much  greater  payload 
capacity  than  the  four-wheel  truck.  Trailer  brakes  are 
essential  to  successful  operation.  Grade  conditions  must 
be  surveyed  carefully,  and  the  prospective  load  capacity 
determined  accurately,  before  choosing  equipment  for  in- 
terurban   work. 

Francis  W.  Davis  said  that  there  were  a  dozen  other 
cities  where  conditions  warranted  the  establishment  of  in- 
stallations similar  to  that  in  St.  Louis.  It  is  reported  to 
cost  $35  to  deliver  a  car  in  the  Borough  of  Manhattan, 
New  York  City,  after  it  has  reached  the  Jersey  City  terminal. 
The  very  magnitude  of  the  problem,  along  with  the  desire 
for  cautious  procedure  until  the  most  practical  and  lasting 
system  has  been  developed,  probably  furnishes  the  inertia 
that  prevents  the  immediate  institution  of  adequate  intra- 
city  transfer  motor  lines  in  the  New  York  City  area.  Mr. 
Davis  compared  the  St.  Louis  or  semi-trailer  plan  with  the 
installation    in    Cincinnati,    which    is    operated    on    the    de- 


mountable   truck-body    plan,    and    cited    the    following    ad- 
vantages that  led  him  to  favor  the  St.  Louis  system: 

(1)  Capital  invested 

(a)     Motive    power    in    relation    to    tonnage    ca- 
pacity 
(6)     Terminal  costs,  both  on-track  and  off-track 

(c)  Extra  cost  of  trailers  as  compared  with 
unit  bodies  is  probably  offset  entirely  due 
to  the  heavy  construction  necessary  with 
unit  bodies  and  the  necessary  overhead  ap- 
paratus at  all  terminal  points  for  handling 

(2)  Operating  expense 

(a)     Decrease   in   insurance  of  motive  power  in 

relation  to  tonnage  capacity 
(6)     Decrease  in  fuel  consumption  in  relation  to 

tonnage  capacity 
(e)     Decrease   in   labor   cost  both   in   relation  to 

motive  power  and  at  terminals 

(d)  Decrease  in  upkeep  and  maintenance  of 
motive  power  in  relation  to  tonnage  ca- 
pacity 

(3)  Flexibility 

(a)  Saving  in  time  at  terminal  points  as  driver 
controls  picking  up  and  letting  go  of  semi- 
trailers from  the  seat 

(b)  Takes  up  less  road  space  in  relation  to  ton- 
nage hauled 

(c)  Increasing  rather  than  decreasing  platform 
space 

The  one  point  wherein  the  unit  demountable  body  seems 
to  have  an  advantage  over  the  semi-trailer  is  in  the  pro- 
posed shipment  on  line-hauls  of  the  loaded  bodies  or  unit 
containers,  thus  obviating  terminal  labor  costs  and  other 
handling  expense.  Mr.  Davis  was  of  the  opinion  that,  even 
here,  there  was  nothing  to  prevent  lifting  the  body  from 
the  semi-trailer  as  used  at  St.  Louis.  He  considered  that 
users  of  motor-truck  equipment  in  other  fields  than  terminal 
haulage  will  do  well  to  study  the  results  obtained  in  St. 
Louis,  as  the  tractor-trailer  unit  stands  ready  to  effect 
economies  and  handle  tonnage  far  beyond  the  results  accom- 
plished to  date. 

Asked  regarding  the  possibilities  of  night  service,  Mr. 
Murphy  replied,  that  this  was  impractical  because  the  rail 
terminals  did  not  operate  at  night  and  the  merchants  would 
not  be  open  to  take  deliveries.  His  company  is  able  to 
handle  80  to  90  per  cent  of  the  total  interchange  of  less- 
than-carload  freight  reaching  St.  Louis  from  the  East  and 
the  West,  so  that  it  is  delivered  to  the  connecting  railroad 
and  started  out  the  same  day.  This  enables  the  railroads 
to  get  efficient  and  complete  loading  of  cars  and  increases 
the  area  in  which  St.  Louis  merchants  are  able  to  carry  on 
business.  Mr.  Murphy  did  not  favor  the  demountable-body 
scheme  of  motor  haulage  in  his  work  because  the  bodies 
took  up  loading  platform  space  at  both  the  terminals  and 
the  warehouse.  Just  as  soon  as  the  loading  platform  is 
congested,  costs  begin  to  mount.  In  closing,  Mr.  Murphy 
stated  that  he  and  his  engineer,  Mr.  Englander,  who  is  re- 
sponsible for  the  system  employed  by  the  Columbia  Terminals 
Co.,  would  be  glad  to  contribute  anything  further  that  they 
could,  for  the  advancement  of  motor  transportation. 


TERMINAL  TRUCKING  AND  CARTAGE 


Motor-Truck  Session  Takes-Up  Congestion  at  Terminals 

and  Store-Door  Delivery 

The  second  Motor  Truck  Session  was  called  to  order  at  2 
o'clock  on  Thursday  afternoon  by  Chairman  F.  W.  Davis. 
The  first  paper,  by  F.  C.  Horner  of  the  General  Motors  Cor- 
poration, who  discussed  English  Cartage  Practice,  a  Stand- 
ard for  Our  Railway-Terminal  Trucking,  is  printed  in  full 
on  p.  437  of  this  issue  of  The  Journal.  In  opening  the  dis- 
cussion of  Mr.  Horner's  paper,  Chairman  Davis  called  atten- 
tion  to  the   advanced   stage  of  development  of  the   English 
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system  of  handling  terminal  shipments  and  from  store-door 
to  terminal  traffic.  He  referred  to  the  fact  that  Elisha  Lee 
of  the  Pennsylvania  Railroad  system  had  voiced  the  senti- 
ment at  the  annual  dinner  of  the  Society  that  the  railroads 
of  this  Country  at  least  are  very  much  opposed  to  the  possi- 
bility of  having  this  operation,  which  implies  ownership, 
forced  upon  them,  and  inquired  whether  the  service  had 
been  forced  on  the  English  railroads  or  they  voluntarily  took 
it  over  as  a  profit-returning  venture.  Mr.  Horner  replied 
that  the  English  railroads  were  not  required  by  law  to  adopt 
it  but  that  they  were  forced  to  do  so  because  they  could  not 
get  service  from  the  existing  cartage  agencies.  He  does  not 
advocate  the  owning  of  such  equipment  by  the  railroads  in 
this  Country.  With  regard  to  handling  1.  c.  1.  shipments 
and  parcel  post  and  express  shipments  in  the  same  individual 
carriers.  Chairman  Davis  suggested  that  an  obstacle  probably 
would  be  met  with,  in  that  the  railroads  are  required  to  make 
express  shipments  in  baggage  cars.  They  cannot  truck  the 
goods  from  the  city  to  a  suburb  or  an  outlying  town.  They 
must  actually  put  it  into  a  baggage  car.  transport  it  and  re- 
handle  it  at  the  other  end.  Replying  to  a  question  with  re- 
gard to  the  use  of  unit  containers  Mr.  Horner  suggested  that 
these  were  only  practicable  for  regulated  loads,  in  other 
words,  when  the  same  quantity  of  goods  is  shipped  in  both 
directions  between  the  consignee  and  the  consignor.  It  is  not 
practicable  if  the  goods  must  be  picked  up  at  15  or  20  differ- 
ent points  in  one  locality,  and  delivered  at  15  or  20  other 
points  in  the  second  locality.  In  order  that  the  container 
plan  may  be  used  to  advantage,  there  must  be  the  closest  co- 
operation and  coordination  between  the  shippers,  the  rail- 
roads and  the  cartage  interests.  Unit  containers  would  be  of 
especial  advantage  when  goods  must  be  transferred  several 
times  on  the  way;  in  such  cases  it  would  avoid  their  being 
handled  piece  by  piece. 

A.  J.  Slade  stated  that  actually  to  secure  a  real  and  sen- 
sible improvement  in  the  present  chaotic  and  extravagant 
methods,  the  various  interests  concerned  in  efficient  transpor- 
tation must  be  brought  to  a  realization  that  one  or  the  other 
interest  must  take  the  initiative  in  preparing  a  definite  plan 
for  the  coordination  of  transport  operations.  In  1912  during 
a  visit  to  England,  he  had  found  that  the  British  store-door 
delivery  system  was  firmly  and  permanently  established,  that 
in  talking  with  one  railroad  official,  who  had  just  returned 
from  a  visit  to  the  United  States  to  investigate  the  use  of 
motor  vehicles  by  American  railroads,  this  official  had  been 
surprised  to  discover  that  our  railroads  had  not  given  the 
matter  especial  attention.  Mr.  Slade  attributed  this  to  the 
fact  that  the  rapid  growth  of  the  population  in  the  United 
States  had  directed  the  energies  of  the  railroads  toward  the 
extension  of  their  lines  in  newly  settled  communities  and 
toward  providing  for  the  continually  increasing  traffic  on  ex- 
isting lines;  whereas  in  Europe  where  increases  in  the  popu- 
lation are  not  occurring,  the  railroad  companies  have  had 
more  opportunity  to  devote  their  energy  toward  improving 
the  service.  During  the  last  year,  while  in  France,  his  per- 
sonal experience  had  been  exactly  opposite  to  that  cited  by 
Mr.  Horner,  in  connection  with  a  shipment  from  Baltimore  to 
New  York  City,  a  shipment  made  from  a  small  town  near 
Nice  having  been  received  at  his  apartment  in  Paris  on  a 
single  bill  of  lading,  and  the  payment  of  all  charges  being 
made  when  the  shipment  arrived  at  its  destination. 

W.  H.  Lyford  said  that  high  pressure  of  the  industries 
seems  to  bring  out  the  importance  of  real  transportation 
when  a  shortage  of  cars  and  the  delays  of  transportation  be- 
gin to  limit  production,  that  the  paramount  need  of  adequate 
transportation  is  brought  home  to  the  producing  industry 
and  that  there  is  a  general  recognition  of  the  fact  that  in- 
dustries and  traders  generally  are  interested  more  in  ade- 
quate transportation  than  in  cheap  transportation.  An  un- 
derstanding of  the  importance  of  transportation  to  industry 
ought  to  lead  to  the  public's  approval  of  any  measures  that 
would  lead  to  an  increase  in  the  efficiency  of  the  transporta- 
tion system  and  impress  the  public  with  the  fact  that  the 
credit  of  a  transportation  system  must  be  assured  and  main- 
tained in  order  that  the  railroads  may  add  to  their  facilities 
measurably  with  the  increase  of  the  traffic.  He  said  that  he 
approved  all  Mr.  Horner's  views,  but  that  Mr.  Horner  in  de- 
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scribing  how  each  railroad  company  in  Great  Britain  has  its 
own  cartage  system  in  each  terminal  area  and  that  the  col- 
lection and  delivery  is  contracted  for  and  performed  by  the 
railroad  company,  had  left  out  two  important  facts:  first, 
that  such  cartage  service  is  paid  for  by  the  traders  and  is  a 
separate  charge  that  generally  is  made  part  of  an  inclusive 
rate  for  complete  transportation  from  the  store-doors  of  the 
shippers  to  the  store-doors  of  the  consignees,  but  that  need 
not  be  paid  if  the  trader  prefers  to  perform  his  own  cartage 
service.  Although  the  use  by  the  trader  of  the  collection 
and  delivery  service  operated  by  the  railroads  in  Great  Brit- 
ain is  voluntary,  the  organized  cartage  service  operated  by 
the  railroads  is  cheaper  than  such  service  could  be  performed 
by  the  traders,  and  therefore  it  is  accepted  generally  by  them 
and  insisted  upon;  in  the  second  place,  he  would  seriously 
oppose  any  attempt  by  American  railroads  to  carry  on  a 
cartage  service.  The  operation  of  motor  trucks  is  a  com- 
paratively new  industry.  During  the  short  period  of  about 
13  years  it  has  developed  experience  and  efficiency,  but 
American  railroad  organizations  have  no  knowledge  and  no 
experience  in  this  field.  On  the  other  hand,  British  railroads 
began  collection  and  delivery  more  than  50  years  ago,  and 
they  have  developed  within  their  organization  separate  de- 
partments under  cartage  managers,  that  have  produced  ex- 
perts and  high  efficiency.  His  experience  with  railroad  or- 
ganizations and  their  activities  have  satisfied  him  that  when 
a  railroad  organization  undertakes  an  outside  activity  the 
result  is  a  failure.  The  railroad  finds  itself  unable  to  com- 
pete with  those  organizations  that  have  devoted  their  entire 
attention  to  those  activities  and  have  had  the  experience 
that  the  railroads  lack.  Three  London  railroads  in  1912  de- 
termined that  one  cartage  organization  could  serve  all  three 
of  them  more  economically  and  efficiently  than  they  were  be- 
ing served  by  three  separate  companies.  Accordingly,  they 
selected  a  cartage  expert  and  turned  over  to  him  all  their 
cartage  facilities  in  London,  allowing  him  to  perfect  his  own 
organization;  and  immediately  there  was  an  increase  in  effi- 
ciency, in  economy  and  in  service.  A  further  development 
covering  all  the  railroads  in  London  was  interfered  with  by 
the  war  and  has  not  yet  become  effective.  As  the  collection 
and  delivery  service  must  be  paid  for  by  the  traders  it  should 
be  made  as  efficient  and  as  economical  as  possible  and  the 
highest  economy  and  efficiency  can  be  obtained  best  by  a 
single  organization  in  each  railroad  terminal  area.  It  must 
be  wholly  impartial  in  its  treatment  of  the  various  traders 
and  the  different  railroads,  and  therefore  should  not  be  con- 
trolled by  any  railroad  or  by  all  the  railroads,  but  should 
be  an  independent  organization  working  in  the  closest  har- 
mony with  the  railroads.  Without  full  cooperation  with  the 
railroads  the  collection  and  delivery  of  goods  will  not  pro- 
duce the  one  great  result  of  which  it  is  capable,  namely,  the 
free  movement  of  freight  through  railroad  terminals  and  the 
prevention  of  congestion  that  limits  the  volume  of  railroad 
traffic.     To   avoid  congestion  of  the  station   platform  there 
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must  be  a  line  of  vehicles  or  containers  to  which  all  freight 
from  the  long  line  of  freight  cars  can  be  trucked  directly,  and 
those  containers  must  remain  until  the  train  is  unloaded,  un- 
less they  have  received  their  full  load  in  the  meantime.  The 
British  meet  the  situation  by  lining  up  their  lorries  at  the 
station  platform  but  release  the  horses  and  the  drivers  while 
the  lorries  are  standing  to  be  loaded  or  unloaded.  American 
efficiency  would  not  allow  slow-moving  horse  vehicles'  to  be 
used  for  this  service,  for  in  all  large  cities  the  horse-drawn 
vehicle  adds  unreasonably  to  street  congestion  and  the  au- 
tomotive vehicle  is  absolutely  necessary.  A  motor  truck  is 
economical  only  when  it  is  kept  moving;  therefore,  in  a  ma- 
jority of  cases,  the  ordinary  motor  truck  is  not  economical 
for  station  service.  This  difficulty  has  been  solved  by  design- 
ing, building  and  operating  a  demountable  body  and  a  semi- 
trailer or  trailer.  Walter  White  and  his  lieutenant,  B.  F. 
Fitch,  are  entitled  to  the  credit  of  proving  the  efficiency  of 
the  motor  truck  with  demountable  bodies  for  railroad  station 
service.  In  Cincinnati  the  use  of  15  chassis  and  225  demount- 
able bodies  has  displaced  thousands  of  freight  cars  and  re- 
leased them  for  line  hauls.  The  efficiency  and  economy  of 
the  semi-trailer  for  railroad  station  service  has  also  been 
demonstrated  by  Mr.  Childress  between  East  St.  Louis  and 
the  stations  and  traders  in  St.  Louis.  A  comparatively  in- 
expensive demountable  body,  or  semi-trailer,  can  stand  this 
delay  at  the  railroad  station,  and  the  expensive  tractor  and 
driver  can  be  kept  moving. 

There  is  also  great  need  for  a  system  of  cartage  control. 
At  Cincinnati  where  the  system  has  been  developed  to  the 
highest  degree,  the  despatcher  is  in  constant  touch  with  his 
drivers  and  moves  them  exactly  as  a  train  despatcher  con- 
trols the  trains  on  each  division.  Whenever  a  truck  body  is 
completely  loaded  the  despatcher  sends  the  most  available 
driver  to  remove  it  and  replaces  it  with  an  empty  body  or 
an  outbound  load.  One  British  station  was  used  three  dif- 
ferent times  in  24  hr.  for  three  entirely  separate  operations, 
whereas  in  America  three  different  stations  are  required  for 
the  same  service  and  to  handle  the  same  volume  of  freight. 
The  British  freight  service,  supplemented  by  adequate  cart- 
age, makes  unnecessary  the  express  company  and  the  heavy 
parcel  post,  and  is  superior  to  our  present  express  and  par- 
cel post  service.  All  freight  collected  in  London,  Manchester 
or  Glasgow  before  5.00  p.  m.  will  be  delivered  to  the  consignee 
at  his  store-door  before  noon  of  the  following  day  at  any 
destination  within  200  miles  of  the  shipping  point.  The 
merchandise  freight  service  of  American  railroads  is  even 
more  efficient  than  those  of  the  British  railroads  but  the  diffi- 
culty is  that  there  is  no  adequate  delivery  service  to  transfer 
the  freight  from  the  car  to  the  consignee.  Merchandise  that 
is  delivered  before  5.00  p.  m.  at  a  freight  station  in  any  large 
American  city  and  is  destined  for  points  on  the  main  lines 
of  railroads  within  250  miles  will  be  standing  at  the  destina- 
tion ready  to  be  unloaded  early  the  following  morning,  but 
after  the  freight  arrives  the  agent  must  telephone  or  send 
a  postal  card  to  the  consignee,  who  is  allowed  48  hr.  from  the 
following  morning  within  which  to  take  delivery  of  the 
freight.  In  Great  Britain  the  freight  would  be  delivered  to 
the  door  of  the  consignee  before  the  postal  card  could  reach 
him.  In  Mr.  Lyford's  judgment  there  is  no  way  in  which  the 
adequacy,  efficiency,  and  economy  of  transportation  can  be 
increased  so  much  and  so  quickly  as  by  the  adoption  of  such 
organized  collection  and  delivery  service. 

Illustrating  the  economy  of  money  and  of  time  that  may 
be  effected  by  the  short  haul  of  the  motor  truck,  Mr.  Hoi'ner 
cited  an  instance,  in  which  this  service  has  recently  been  put 
into  operation  by  the  Pennsylvania  Railroad.  The  railroad 
has  been  taking  care  of  a  certain  section  of  the  Eastern 
Shore  of  Maryland  by  shipping  goods  to  Wilmington,  Del., 
then  over  the  New  York,  Philadelphia  and  Norfolk  Railroad 
to  the  Eastern  Shore.  This  took  anywhere  from  2  to  3  days, 
sometimes  4  days.  The  railroad  has  now  worked  out  a  sys- 
tem whereby  they  load  this  traffic  on  a  boat  at  night  at  Balti- 
more, take  it  down  to  Cambridge,  Md.,  unload  it  there  and 
distribute  it  to  the  various  towns  by  motor  truck,  delivering 
it  the  following  day,  much  of  it  by  4  o'clock  in  the  afternoon. 
The  trucks  that  make  the  delivery  pick  up  loads,  bring  them 
in,  and  the  reverse  movement  takes  place  to  Baltimore  and 


other  points.  Mr.  Horner  called  attention  to  the  fact  that  the 
railroads  are  concerned  just  now  with  the  addition  of  cars 
and  locomotives  to  their  equipment,  but  that  it  is  not  lack  of 
equipment  of  the  railroads  that  is  causing  the  delay  but  the 
congestion  at  the  terminals  that  act  like  the  neck  of  a  bottle. 
If  the  terminals  could  be  cleared  the  number  of  cars  and  lo- 
comotives needed  to  handle  the  same  volume  of  traffic  could 
be  reduced  and  the  cost  also  would  be  less.  In  England  al- 
though the  railways  cart  80  per  cent  of  the  1.  c.  I.  traffic 
themselves,  the  charges  are  arranged  so  that  they  include 
both  the  rail  charge  and  the  cartage  at  both  ends. 

If  the  trader  takes  it  upon  himself  to  collect  the  traffic  and 
bring  it  to  the  station  or  to  deliver  the  traffic  from  the  station, 
he  asks  for  a  rebate.  Under  the  Railroad  Act  of  1921  this 
system  will  be  done  away  with.  The  charges  must  be  divided 
into  the  straight  rail  charge  and  the  cartage  charge,  given 
separately.  If  the  trader  thinks  that  he  can  make  the  col- 
lection or  delivery  more  economically  than  the  cartage  charge 
by  the  railroad  he  may  do  so. 

Mr.  Horner  said  that  in  the  city  of  London  horses  are 
largely  used,  that  the  streets  are  so  narrow  and  so  crooked 
that  it  is  almost  impossible  to  use  motor  trucks  of  any  size 
and  that  the  stations  are  very  close  together  so  that  the 
haul  is  short  and  the  stops  are  frequent. 

Mr.  Galvin  speaking  from  the  viewpoint  of  the  Haulers 
Association  said  that  the  trouble  was  largely  because  of 
delay  by  the  shipper  and  suggested  that  a  committee  should 
investigate  some  of  the  troubles  with  a  view  to  preventing 
the  delay.  He  expressed  the  desire  of  his  association  to  co- 
operate in  the  efforts  to  systematize  the  delivery  of  freight 
in  large  cities. 

H.  M.  Crane  remarked  that  although  certain  members  of 
the  Society  like  Mr.  Lyford's  unqualified  statement  that  the 
railroads  are  not  interested  in  extending  their  transportation 
beyond  their  present  freight  terminals  it  seemed  to  him  to 
be  very  desirable  that  there  should  be  a  complete  transpor- 
tation service  to  the  door  by  one  organization;  that  if  auto- 
motive engineers  would  work  out  a  trucking  system  that 
would  be  certain  and  economical  in  operation,  the  railroads 
would  undoubtedly  be  more  ready  to  take  it  on  as  part  of 
their  own  work.  He  considered  the  trucking  service  in 
many  respects  very  similar  to  taxicab  service  but  did  not 
think  that  anyone  felt  that  the  railroads  should  handle  their 
own  taxicab  service. 

Mr.  Lyford  replied  that  he  did  not  wish  it  understood  that 
the  railroads  objected  to  having  an  organization  that  would 
perform  complete  transportation  from  the  store-door  of  the 
shipper  to  the  store-door  of  the  consignee;  that  the  advan- 
tages of  parcel  post  service  and  of  express  service  were  obvi- 
ous; that  the  immense  growth  of  both  compared  with  that 
of  the  freight  service  was  positive  proof  that  shippers  realize 
the  advantages  of  a  collection  and  delivery  service  and  of  a 
complete  transportation  contract.  He  hoped  that  such  a  sys- 
tem would  be  evolved  but  he  did  not  think  it  would  be  pos- 
sible to  have  it  accepted  by  the  people  of  the  Country  if  it 
were  put  forward  by  the  railroad  companies.  He  said  that 
he  had  emphasized  the  profitable  features  of  this  service  to 
make  it  attractive  so  that  some  one  else  would  take  care  of 
it.  He  believes  that  in  this  Country  there  should  be  a  great 
nation-wide  organization  that  would  undertake  to  perform 
complete  transportation  from  every  shipper,  at  least  those  in 
communities  of  more  than  2000  to  3000  people,  to  every  con- 
signee in  a  similar  community,  would  contract  for  it  all  the 
way,  furnish  the  cartage  at  each  end,  pay  the  railroad  com- 
pany its  regular  rate  for  the  rail  part  of  the  transportation 
and  cooperate  closely  with  the  railroad  company  so  that  the 
greatest  possible  amount  of  freight  might  be  passed  through 
the  terminals. 

Replying  to  Mr.  Horner's  question  as  to  whether  it  would 
not  be  to  the  advantage  of  the  railroads  to  furnish  cartage 
service  at  cost  if  it  would  serve  to  move  traffic  faster  through 
the  terminals  and  reduce  the  cost  of  handling,  Mr.  Lyford 
said  that  as  an  economic  problem  he  believed  that  it  would  be 
advantageous  to  do  so,  but  that  whenever  the  railroads  had 
furnished  additional  facilities  they  were  forced  to  absorb  the 
cost,  and  that  it  would  be  absolutely  impossible  to  persuade 
American  railway  managers  to  undertake  such  service. 
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In  closing  the  discussion,  Mr.  Horner  noted  that  the  Eng- 
lish railroads  maintained  their  cartage  service  because  of  its 
advertising  value.  The  competition  between  the  various  rail- 
roads in  England  is  very  keen,  and  one  of  the  greatest  adver- 
tising agencies  that  they  have  is  these  vehicles  scattered 
through  the  streets  of  the  cities  with  every  driver  soliciting 
traffic  for  his  own  railroad.  He  believes  that,  in  analyzing 
the  problem  from  all  sides,  this  feature  should  not  be  lost 
sight  of. 

STREET  RAILWAY  AND  BUS  OPERATION 


Electric   Railway  Executive   Explains   How   One   Must 
Supplement  the  Other 

The  Friday  morning 
professional  session  at  the 
Cleveland  Transportation 
Meeting  was  devoted  to 
the  motorbus.  The  Society 
was  fortunate  in  having 
the  principal  talk  at  this 
session  given  by  C.  D. 
Emmons,  who  is  president 
of  the  American  Electric 
Railway  Association  and 
able  to  speak  authorita- 
tively for  the  street  rail- 
way men  of  the  Country. 
Mr.  Emmons  is  also  presi- 
dent of  the  United  Rail- 
ways &  Electric  Co.  of 
Baltimore,  in  which  ca- 
pacity he  directs  the  co- 
ordinated operation  of  electric  surface-cars,  gasoline  motor- 
buses  and  electric  trackless-trolley  buses.  Mr.  Emmons  cen- 
tered his  remarks  upon  the  coordination  of  motorbus  and 
motor-truck  service  with  transportation  upon  rails.  His 
paper  is  printed  in  full  on  p.  433  of  this  issue  of  The 
Journal. 

President  Alden  expressed  the  opinion  that  population, 
factories,  recreation  centers  and  stores  should  be  scattered 
instead  of  concentrated  or  centralized  as  they  are  at  present. 
He  deplored  the  common  practice  of  drawing  building  ac- 
tivity to  the  route  of  each  new  artery  of  transportation 
immediately  its  route  is  set.  This  often  leads  to  the  over- 
taxing of  the  passenger  capacity  of  the  new  line,  even  before 
it  is  placed  in  operation.  Mr.  Alden  is  a  member  of  the 
Rapid  Transit  Commission  of  Detroit  and  he  said  that  that 
body  intended  to  break  up  the  concentration  of  population  in 
that  city  if  it  was  at  all  practical.  The  big  transportation 
industries  have  not  all  had  an  equitable  deal  from  the  public 
in  the  past,  but  we  are  entering  a  10-year  period  when 
the  public  utilities  and  the  railroads  will  receive  fair  treat- 
ment and  the  automotive  industry  must  be  in  accord  with  this 
new  attitude. 

Fifth  Avenue  Bus  Experience 

An  informative  and  well  prepared  discussion  of  Mr.  Em- 
mons' paper  was  read  by  R.  E.  Fielder  of  the  Fifth  Avenue 
Coach  Co.  He  took  issue  with  the  statements  in  the  paper 
relating  to  the  ability  of  the  motorbus  to  handle  mass  trans- 
portation. The  estimate  of  bus  headway  and  passengers 
carried  on  Fifth  Avenue  as  based  on  the  count  taken  by  Mr. 
Emmons'  representatives,  did  not  take  weather  conditions 
into  consideration.  He  selected  a  day  in  the  month  of  March 
when  climatic  changes  are  problematic  and  bus  headway  is 
governed  accordingly.  Allowance  must  also  be  made  for  the 
fact  that  no  standees  are  permitted  in  Fifth  Avenue  bus 
travel  and  this  reduces  bus  capacity  when  it  is  compared 
with  the  street  car,  where  standees  are  carried  in  large 
numbers.  Mr.  Fielder  cited  tke  following  figures  as  being 
averages  over  extended  periods  of  time:  during  the  morning 
rush,  an  average  of  183  buses  operated  south  on  Fifth 
Avenue  during  1  hr.  at  the  point  where  Mr.  Emmons  took 
his  observations,  the  headway  being  19.6  sec.     This  is  equiva- 


lent to  transporting  9333  persons  in  an  hour.  The  Fifth 
Avenue  buses  carried  52,000,000  passengers  in  1922;  on  the 
high-record  day  recently,  they  carried  269,509  passenger's 
and  this  was  reduced  the  day  following  to  180,000  persons 
because  of  rainy  weather.  This  illustrates  why  it  is  unfair 
for  Mr.  Emmons  to  base  his  figures  on  a  count  taken  on  a 
particular  day  in  March  without  regard  to  traffic  and  weather 
conditions. 

Advantages  of  Motorbuses 

Mr.  Fielder  read  his  version  of  the  14  points  of  bus  superi- 
ority. The  foremost  of  these  is  undoubtedly  the  flexibility 
of  the  unit,  since  it  does  not  need  rails  on  which  to  operate 
and  can  be  switched  from  thoroughfare  to  thoroughfare  at 
will;  also,  because  it  loads  and  unloads  at  the  curb,  allowing 
other  traffic  to  pass  at  its  left;  there  is  no  tie-up  of  traffic 
as  in  the  case  of  the  street  car,  that  is  usually  in  the  middle 
of  the  street  and  stops  all  traffic  while  it  takes  on  or  dis- 
charges passengers.  The  motorbus  is  independent  of  a  cen- 
tral powerhouse.  Should  any  mechanical  breakdown  occur, 
the  disabled  unit  can  be  placed  to  one  side  without  tieing 
up  the  whole  system.  Elevated  structures  and  overhead  wires 
are  unsightly  and  the  motorbus  does  away  with  them. 
Streets  are  not  being  torn  up  continually  for  laying  or  re- 
placing car-tracks. 

Municipalities  will  find  it  to  their  advantage  to  franchise 
properly  organized  and  reputable  corporations  to  render  bus 
service  rather  than  to  hand  out  the  right  promiscuously  to 
fly-by-night  companies  and  jitneys,  whose  sole  object  is  to 
give  service  only  at  rush  hours  and  not  throughout  the  day 
and  the  night.  Mr.  Fielder  said  that  the  Fifth  Avenue  com- 
pany pays  taxes  that  are  proportionately  as  heavy  per  unit 
as  those  of  any  street  railway;  all  taxes,  city,  state  and 
federal,  amount  to  $2,000  per  vehicle  operated.  The  Fifth 
Avenue  Coach  Co.  has  built  and  discarded  19  types  of  bus 
in  the  past  8  years.  In  the  next  few  years  we  shall  witness 
a  transformation  in  the  bus  industry,  for  it  is  still  in  its 
infancy;  many  innovations  will  be  introduced  that  will  place 
the  motorbus  on  a  par  with  the  electric  railway  and  the  steam 
road.  All  three  systems  will  work  side  by  side  in  bringing 
this  about  and  each  in  the  end  will  render  a  service  that 
is  indispensable. 

Electric   Railways   Should  Grasp   Bus   Opportunity 

W.  P.  Kennedy  presented  a  very  able  discussion  that 
brought  out  some  novel  ideas.  It  was  his  opinion  that  the 
railways  should  not  assume  that  they  are  under  oppression 
due  to  the  advent  of  the  motorbus;  rather,  they  are  to  look 
upon  this  event  as  the  forerunner  of  a  greater  opportunity 
than  they  have  ever  had  in  their  experience.  Instead  of 
dwelling  upon  the  temporary  irritation,  the  motorbus  should 
be  studied  as  a  magnificent  opportunity  for  expansion,  pri- 
marily on  the  part  of  the  railway  industry  and  secondarily, 
for  the  automotive  industry.  The  street  railway  is  in  dif- 
ficulty largely  because  it  has  been  a  non-competitive  business; 
its  executives  have  assumed  that  nothing  would  ever  displace 
them.  They  have  gone  ahead  without  meeting  demands  for 
the  kind  of  economy  that  has  been  forced  upon  the  auto- 
motive industry  due  to  competitive  conditions  within  that 
industry.  They  proceeded  in  the  direction  of  building  heavier 
and  more  luxurious  cars  and  have  developed  structures,  in 
some  instances,  that  weigh  about  80,000  lb.  They  are  now 
being  forced  to  consider  vehicles  of  the  lightest  weight  to 
carry  the  greatest  load  and  have  perfected  cars  weighing 
28,000  lb.  that  perform  the  same  service  as  the  heavy  units 
with  a  very  marked  reduction  in  operating  expense. 

The  motorbus  and  the  motor  truck  represent  a  golden 
opportunity  for  the  street  railways  to  free  themselves  of 
many  of  their  present  incumbrances.  They  have  been  tied 
to  the  track  and  made  the  mark  of  all  legislative  restric- 
tions; the  flexible  vehicle  in  the  form  of  the  motorbus  offers 
them  the  way  out  of  many  of  their  difficulties:  It  was  not 
Mr.  Kennedy's  opinion  that  the  street  railways  could  entirely 
rid  themselves  of  all  their  present  incumbrances,  but  they 
can  have  a  condition  of  operation  paralleling  competitive 
operations.  It  will  be  very  foolish  for  the  street  railways 
to  assume  the  attitude  of  forcing  the  very  restrictions  that 
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have  retarded  the  expansion  of  the  street  railway  industry 
on  the  motorbus  industry,  only  to  find  that  the  boomerang 
will  return  to  themselves  eventually. 

Can   Street   Railways   Handle   Freight? 

The  railroads  are  suffering-  from  a  want  of  urban  trans- 
portation facilities  and  seek  a  solution  of  the  store-door  de- 
livery problem;  the  street  railways  are  suffering  from  an 
inadequate  return  upon  their  investment,  yet  the  street  rail- 
ways possess  splendid  personnel  and  facilities  for  performing 
additional  transportation  activity.  Mr.  Kennedy  asked  why 
it  is  not  possible  to  have  an  alignment  of  these  two  means  of 
transportation  with  advantage  to  both  and  to  the  public. 
He  believed  that  it  would  not  be  difficult  to  build  an  auto- 
mobile that  could  operate  on  a  trolley  system  with  its  rela- 
tively cheap  source  of  power,  and  at  the  same  time  operate 
independently  with  gasoline  power.  The  application  of  such 
a  vehicle  would  immediately  give  the  street  railway  com- 
panies an  opportunity  to  restore  lines  that  had  been  aban- 
doned because  the  district  traversed  had  changed  from  a 
residential  to  a  commercial  character. 

The  fact  should  stand  out  forcibly  that  the  street  railway 
industry  is  dependent  upon  the  automotive  industry  for  the 
solution  of  its  equipment  problem  in  this  new  extension  of  its 
service.  The  automotive  industry,  by  close  counsel  and  co- 
operation with  the  railway  industry,  must  provide  equip- 
ment to  meet  the  new  service  requirements.  Such  expansion 
presents  a  great  opportunity  to  the  automotive  industry  be- 
cause the  railways  represent  prospective  customers  who  are 
intelligent  operators  and  purchasers  requiring  products  that 
must  be  more  or  less  standardized.  The  automotive  engineer 
also  has  a  great  opportunity  placed  before  him  in  the  design 
of  flexible  vehicles  of  a  new  character  beyond  the  capacity 
of  those  now  furnished. 

F.  C.  Horner  voiced  the  opinion  that  ruinous  and  wasteful 
competition  between  the  street  railway  and  the  motorbus 
companies  must  stop.  If  we  intend  to  solve  our  transit 
problems  satisfactorily,  and  with  some  degree  of  permanency, 
it  must  be  done  through  cooperation  and  coordination.  The 
trolley  car  line  is  the  backbone  of  the  present  transporta- 
tion system,  but  there  was  some  question  in  Mr.  Horner's 
mind  whether  this  would  be  the  case  in  the  future.  The 
trolley  car  as  it  is  being  operated  in  very  many  of  our  cities 
today  is  one  of  the  biggest  influences  in  retarding  the  speed 
of  street  traffic.  To  speed  up  street  traffic,  congestion  must 
be  reduced  and  accomplishment  of  this  will  react  against  the 
trolley  car.  R.  E.  Plimpton  of  Bus  Transportation  sa:d  that 
his  contact  with  the  street  railway  operators  had  shown  him 
that  they  were  in  the  field  for  a  well-tried  design  of 
bus  that  could  be  bought  complete.  They  do  not  want 
to  rebuild  or  reproportion  the  unit  after  it  is  purchased;  nor 
do  they  want  to  purchase  and  install  additional  equipment. 
Mr.  Plimpton  felt  that  it  is  up  to  the  automotive  engineer 
to  develop  real  buses  designed  for  the  service  of  the  street 
railways.  The  latest  figures  that  he  had  available  indicated 
that  the  number  of  buses  operated  by  street  railways  would 
be  doubled  during  the  current  year.  The  knowledge  that  the 
street  railways  are  rapidly  acquiring  should  be  of  great  help 
to  the  automotive  engineers  in  solving  such  pressing  problems 
as  the  design  of  brakes  and  transmissions  for  motorbus 
service.  Bodies  are  also  due  for  improvement  in  the  wav 
of  lighter  weight  combined  with  greater  strength.  Most  of 
the  electric  railways  maintain  complete  shop  equipment  to 
handle  renewals  and  make  repairs;  most  of  them  have  well 
equipped  wood-working  and  painting  shops,  and  many  of 
them  are  equipped  to  rebuild  their  equipment  entirely.  This 
means  that  they  will  be  in  possession  of  very  valuable  main- 
tenance experience  that  can  be  passed  on  to  the  automotive 
engineer. 

Mr.  Plimton  brought  out  the  point  that  the  electric  street 
railways  are  able  to  determine  their  costs  of  operation  very 
accurately.  He  felt  that  their  entrance  into  the  bus  operating 
field  would  mean  that  reliable  cost  statistics  would  be  com- 
piled and  published  on  the  operating  expense  of  motor 
vehicles.  It  is  especially  important  that  those  interested  in 
the  extension  and  development  of  motorbus  service  keep  an 
eye  on   legislative   matters.     Many   of   the   laws   now   being 


passed  are  so  inflexible  in  their  requirements  that  they  are 
impracticable  and  should  never  be  passed. 

F.  E.  Sanborn,  secretary  of  the  Cleveland  Akron  Bus  Line, 
said  that  the  foremost  problem  before  the  bus  operators  in 
Ohio  has  been  the  destructive  legislation  set  up  by  some 
municipalities  in  opposition  to  the  operators  of  motorbuses. 
In  every  instance  where  he  had  been  able  to  ascertain  the 
source  of  this  legislation,  he  found  it  had  been  brought  about 
or  induced  by  electric  railways  who  wanted  to  put  the  bus 
out  of  business.  He  believed  that  the  electric  railways  were 
wrongfully  blaming  the  motorbus  for  their  troubles  in  many 
instances  where  this  was  unjustified.  In  his  own  instance, 
the  electric  railway  between  Akron  and  Cleveland  was  in  a 
stronger  position  financially  than  other  lines  in  Ohio  that 
were  not  paralleled  by  motorbus  lines.  It  was  his  belief 
that  motorbuses  do  not  draw  the  large  part  of  their  patrons 
from  the  trolleys;  they  are  people  who  have  not  been  using 
any  means  of  public  transportation.  Two  of  the  largest 
problems  facing  the  motorbus  operator  are  the  matter  of 
proper  financing  and  the  setting  up  of  an  efficient  organiza- 
tion. Mr.  Sanborn  favored  the  continuance  of  bus  operation 
by  the  pioneer  bus  operators  and  not  turning  the  field  over 
to  the  electric  railways.  The  electric  lines  are  all  heavily  in 
debt  for  their  present  equipment  and  if  they  start  the  opera- 
tion .of  the  bus  lines  and  abandon  their  present  plants,  the 
bus  system  will  be  called  upon  to  bear  this  financial  burden 
of  liquidation. 

Mr.  Emmons  replied  to  Mr.  Sanborn  by  saying  that  some 
of  the  electric  railways  had  been  backward  about  bus  de- 
velopment but  that  he  had  advocated  the  uses  of  buses  for 
many  years  and  had  pioneered  their  operation  by  an  electric 
traction  company  in  parallel  with  its  trolley  cars.  He  was 
not  sure  that  he  could  see  the  fairness  in  allowing  a  bus  oper- 
ator to  parallel  an  interurban  line  in  a  competitive  way, 
using  a  rural  highway  that  the  traction  company  had  helped 
to  build  through  its  taxes,  and  taking  from  that  traction 
company  the  best  portion  of  its  business  without  being  sub- 
ject to  service,  fare  or  tax  regulations  that  placed  the  bus 
in  at  least  the  same  status  as  the  electric  railway. 


DEPARTMENT-STORE  PARCEL  DELIVERY 


Phases  of  the  Distribution  of  Light-Weight    Packages 
Usually  Overlooked 

Harold  B.  Wess,  of  R.  H.  Macy  &  Co.,  Inc.,  New  York  City, 
in  his  paper,  which  is  printed  on  p.  465,  described  the  last  con- 
tact that  is  had  with  a  customer  in  the  delivering  of  parcels. 
Mr.  Wess  said  that  he  was  interested  in  the  reasons  that  had 
been  given  by  a  previous  speaker  for  the  use  of  horses  in 
London.  A  salesman  had  recently  talked  to  him  about  the 
speed  of  making  delivery,  not  realizing  that  in  the  depart- 
ment-store business  it  was  not  the  speed  with  which  the 
vehicles  traveled  but  the  length  of  the  stops  that  was  most  im- 
portant; that  the  vehicle  stops  most  of  the  time  and  that 
when  it  moves,  it  moves  only  for  a  minute  or  two.  He  said 
that  the  horse  might  eventually  be  done  away  with  but  that 
such  a  contingency  would  not  happen  until  engineers  had  per- 
fected a  motor  vehicle  sufficiently  light  to  operate  as  cheaply 
as  that  drawn  by  a  horse.  Replying  to  questions  concerning 
the  average  time  per  stop,  the  average  weight  per  delivery, 
the  average  miles  per  hour,  and  the  like,  Mr.  Wess  stated  that 
an  electric  vehicle  would  probably  cover  20  to  25  miles  in  a 
day  of  8  hr.  but  that  mileage  enters  only  when  the  distance 
is  from  30  to  50  miles  per  day  in  the  suburbs.  The  length  of 
the  stops  varies  from  %  to  2  min.  The  question  of  weight 
is  not  essential  as  the  articles  delivered  are  mostly  parcels. 

Special  bulk  delivery  is  used  for  groceries  and  house 
furnishings.  Probably  the  heaviest  article  in  parcel  delivery 
is  a  can  of  vegetables.  The  plan  of  rating  the  parcels  to  be 
distributed  by  department  stores  by  weight  and  size  has  been 
outlined  and  the  stores  have  been  urged  to  adopt  the  classi- 
fication. Two-ton  trucks  have  been  used  but  this  capacity 
is  excessive.  What  the  stores  need  is  a  truck  as  light  as  can 
be  built. 
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In  closing  the  discussion  Chairman  Davis  likened  the  mo- 
tor-truck for  department-store  delivery  to  an  illiterate  im- 
migrant arriving  in  this  Country,  who  possesses  potential 
usefulness,  rugged  strength  and  ability  but  who  needs  con- 
siderable training,  direction  and  control  before  results  can  be 
attained  that  will  amount  to  anything. 

Major  Brainerd  Taylor  of  the  Quartermaster  Corps  de- 
scribed the  Military  and  Commercial  Highway-Transport, 
his  paper  being  printed  in  full  in  this  issue  of  The  Journal, 
commencing  on  p.  413.  The  brief  discussion  that  followed 
was  participated  in  by  Chairman  Davis,  A.  J.  Seaife,  B.  B. 
Bachman,   Col.  E.  S.  Stayer,  Mr.  Krum  and  Major  Taylor. 


TAXICAB  CONSTRUCTION  AND  OPERATION 


Strong  Bodies  Needed — Large  Cross-Section  Tires  and 
Four-Wheel  Brakes  Desirable 

The  Friday  afternoon  session,  at  which  A.  J.  Seaife  pre- 
sided, was  devoted  to  the  presentation  and  discussion  of  pa- 
pers on  taxicab  bodies  and  the  construction,  maintenance  and 
operation  of  taxicabs. 

H.  G.  Bersie,  in  submitting  his  paper  on  taxicab  body  con- 
struction, said  that, there  were  on  Jan.  1  of  this  year  at  least 
110,000  taxicabs  in  operation,  and  that  these  run  50,000  miles 


H.  G.  Bersie  R.  H.  Croninger 

Speakers  at  the  Taxicab  Session 

per  year  each  on  the  average.  He  pointed  out  that  the  qual- 
ity of  the  body  depends  upon  its  skeleton,  the  main  sills 
carrying  the  weight  of  the  whole  body  as  well  as  that  of  the 
passengers.  He  expressed  the  opinion  that  a  taxicab  body 
should  be  50  per  cent  heavier  than  a  passenger-car  body  of 
the  same  size.  The  body  of  the  former  type  is  reinforced  with 
iron  over  the  wheel  housings;  a  very  substantial  rear  door  is 
necessary.  Mr.  Bersie  gave  many  interesting  facts  and  fig- 
ures in  his  paper,  which  is  included  in  full  in  this  issue  of 
The  Journal. 

Paul  H.  Geyser,  of  the  Yellow  Cab  Mfg.  Co.,  who  was 
scheduled  to  present  a  paper  on  taxicab  construction,  main- 
tenance and  operation,  was  unable  to  appear.  R.  Harry 
Croninger,  of  the  same  company,  presented  the  paper  with 
interpolated  discussion  that  was  keenly  listened  to.  Mr.  Cro- 
ninger said  that  his  company  is  using  a  brake-lining  which 
gives  40,000  miles  of  service.  On  a  rainy  day  as  many  as 
10,000  telephone  calls  are  received  in  one  hour  by  the  com- 
pany, which  has  500  miles  of  its  own  telephone  wires  and 
the  largest  commercial  switchboard  in  the  world.  The  com- 
pany operates  1700  taxicabs  in  Chicago.  Among  the  many 
interesting  maintenance  items  is  the  washing  and  fumigating 
of  a  cab  in  40  min.  The  practice  of  the  company  is  not  to 
drain  the  engine  crankcase  oil  periodically,  but  to  make 
"finger"  tests  of  the  actual  oil  in  the  crankcase  frequently  to 
judge  of  its  viscosity. 

Perhaps  the  principal  point  Mr.  Croninger  made  was  that 
designing,  operating  and  maintaining  a  taxicab  are  essen- 
tially different  from  corresponding  procedures  in  connection 


with  other  automotive  vehicles.  There  is  a  400-lb.  frame  in 
the  larger  cab,  which  weighs  4000  lb.  and  carries  two  people 
90  per  cent  of  the  time.  A  frame  of  the  same  weight  is  used 
in  the  3200-lb.  cab.  Ten-gage  steel  is  used  in  the  running- 
boards  and  14-gage  in  the  fenders. 

Mr.  Croninger  said  that  the  best  gasoline  economy  is  ob- 
tained with  5-in.  tires,  the  use  of  these  resulting  in  a  reduced 
variation  of  the  vehicle  speed  in  going  over  tracks  and  cobble- 
stones. He  expressed  the  opinion  that  it  is  very  desirable 
that  a  successful  four-wheel  brake  system  for  taxicabs  be  de- 
veloped. He  said  that  there  is  much  advantage  in  using  a 
rational  size  of  "big-diameter"  tire,  a  test  having  shown  that 
a  cab  skids  less  with  tires  of  7-in.  cross-section. 

Of  course,  it  is  essential  that  no  feature  of  design  enter  into 
the  construction  of  a  cab  that  would  tend  to  interrupt  its 
continual  operation.  The  accessible  location  of  all  bolts  and 
nuts  and  the  ease  and  rapidity  with  which  units  can  be  ex- 
changed are  as  important  as  the  character  of  the  assembly 
units  themselves.  In  designing  a  cab  serious  consideration 
must  be  given  to  what  it  means  to  an  operator  to  remove  a 
radiator  or  front  cross-member  and  what  this  represents  in 
actual  time  for  disassembling  when  this  requirement  is  ap- 
plied to  every  other  point  about  the  cab.  Accessibility  is  as 
important  as  dependability.  In  the  practice  of  the  Chicago 
company  20  min.  is  allowed  for  replacing  a  spring  and  40 
min.  for  removing  and  50  min.  for  reinstalling  an  engine. 

In  1922  the  Chicago  Yellow  Cab  Co.  employed  3200  drivers 
to  operate  its  1700  cabs.  The  passengers  carried  numbered 
over  19,000,000,  the  distance  they  were  carried  being  over 
67,000,000  miles.  Approximately  51,000  passengers  were 
carried  every  day  in  the  year,  or  32  passengers  per  day  per 
cab.  The  company  maintains  10  combined  service-stations 
and  garages  in  Chicago.  Eighty  per  cent  of  the  entire  equip- 
ment of  the  company  operates  20  hr.  each  day,  in  two  shifts. 
The  driver-personnel  of  the  company  is  of  a  very  high 
standard,  the  expense  of  employing  and  training  a  driver 
being  about  $200.  Many  advantages  are  accorded  the  men, 
including  the  maintenance  of  a  benefit  association.  The  com- 
pany assists  them  in  the  purchase  of  its  stock;  about  35  per 
cent  of  the  stock  is  owned  by  employes. 

The  modern  cab,  of  course,  plays  an  important  part  in 
transportation.  The  operations  of  the  Yellow  Cab  Mfg.  Co. 
are  undoubtedly  conspicuous  among  the  most  highly  de- 
veloped and  remarkable  activities  of  a  similar  kind  in  the  au- 
tomotive field.  During  January  of  this  year  its  fleet  of  cabs 
traveled  over  6,500,000  miles.  The  maintenance  cost,  includ- 
ing material,  labor  and  burden,  was  $0.0084  per  mile.  About 
one-third  of  this  fleet  had  traveled  over  200,000  miles. 


THE  RAILROADS  AND  THE  INDUSTRY 


Relations  Existing  Between  Them  Discussed  at 
Cleveland  Transportation  Dinner 

It  is  usual  to  expect 
an  atmosphere  of  enthu- 
siasm and  good  fellow- 
ship at  the  dinner  meet- 
ings of  the  Society  as  they 
occur  from  time  to  time, 
and  for  those  in  attend- 
ance to  anticipate  pleasur- 
ably  the  important  infor- 
mation that  is  certain  to 
be  conveyed  by  the  speak- 
ers, but  it  is  seldom  that 
such  expectations  and  an- 
ticipations are  realized  to 
any  greater  extent  than 
was  true  at  the  Cleveland 
Automotive  Transporta- 
tion Dinner  held  April  26, 
1923,  in  the  ballroom  of 
the  Hotel  Winton  and  attended  by  more  than  200  members 
and  guests.  President  H.  W.  Alden  was  chairman ;  he 
stepped   on   the    gas   without   hesitation    and    let   the   dinner 


Vol.   XII 


May,  1923 


No.  5 


498 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


session  into  "high"  with  no  clashing  of  gears  by  introducing 
George  M.  Graham,  vice-president  of  the  Chandler  Motor 
Car  Co.,  as  one  of  the  best  worm-drive  toastmasters  in  the 
Country. 

In  his  introductory  remarks,  Mr.  Graham  spoke  of  the 
extent  to  which  transportation  had  failed  to  develop  until 
within  the  past  120  years,  and  emphasized  that  automo- 
tive engineers  are  pioneers  in  a  great  forward  step  for 
transportation,  particularly  in  their  attempts  to  correlate 
each  factor  of  that  transportation  with  all  its  other  factors. 
He  then  introduced  Alfred  H.  Swayne,  vice-president  of  the 
General  Motors  Corporation,  whose  subject  was  "The  Re- 
lation of  the  Automotive  Industry  to  the  Railroads,"  and 
who  spoke,  in  part,  as  follows: 

The  Chamber  of  Commerce  of  the  United  States  in- 
vited the  National  Automobile  Chamber  of  Commerce 
to  send  a  committee  ...  to  meet  a  committee  of 
railroad  executives  .  .  .  Our  committee  discussed 
the  question  previously  and  outlined  a  policy  which 
it  would  adopt  if  the  discussion  turned  out  to  be  in 
regard  to  the  general  attitude  of  the  automotive  in- 
dustry toward  the  railroads.  At  that  meeting  Secre- 
tary of  Commerce  Herbert  Hoover  said  that  in  the 
judgment  of  the  administration  railroad  questions 
would  be  one  of  the  chief  issues  in  the  next  campaign 
and  that  unless  something  was  done  of  a  constructive 
nature  to  improve  the  transportation  situation,  we 
would  drift  into  Government  ownership  of  the  rail- 
roads. He  believed  that  this  would  not  be  for  the 
best  interests  of  the  Country  and  that  it  was  not  what 
the  Country  wanted.  He  said  that  he  had  suggested 
this  conference  with  a  view  toward  seeing  what  could 
be  done  along  constructive  lines  to  improve  conditions. 
We  then  heard  from  the  railroad  executives  repre- 
senting 80  per  cent  of  the  mileage  of  the  railroads  in 
the  United  States.  We  listened  to  a  lengthy  dis- 
cussion of  the  troubles  of  the  railroads,  of  the  dif- 
ficulties of  regulation  and  Government  interference, 
and  to  the  long  history  of  legislation  hostile  to  the 
railroads;  but  nothing  of  a  constructive  nature  was 
brought  out  in  going  over  a  lot  of  old  ground  with 
which  we  were  all  more  or  less  familiar,  and  we  were 
told  it  was  practically  impossible  for  the  railroads  to 
get  new  capital  under  existing  conditions    .    .    . 

When  our  turn  came  to  discuss  the  matter,  we  told 
them  very  frankly  we  admitted  all  they  said  and 
recognized  the  importance  of  all  their  arguments,  but 
that  we  were  shippers  and  were  vitally  interested  in 
getting  transportation ;  that  we  had  plants  and  dealers' 
organizations  all  over  this  Country;  and  that,  without 
a  steady  flow  of  raw  materials  into  our  factories  and 
finished  product  from  them,  we  could  not  succeed  in  our 
business.  We  said  we  recognized  that  the  railroads 
must  expand  their  facilities  to  take  care  of  our  traffic, 
and  realized  that  this  could  not  be  done  without  ade- 
quate capital.  Also,  that  we  knew  they  could  not  get 
that  capital  unless  they  had  rates  that  would  give  a 
good  return,  and  that  this  meant  a  return  sufficiently 
attractive  to  induce  new  capital  to  enter  the  business  to 
expand  the  railroads  so  as  to  take  care  of  the  Country's 
growth.  We  tried  to  make  clear  to  them  that  we  be: 
lieved  the  interests  of  the  automotive  industry  and 
those  of  the  railroads  lay  along  the  line  of  coopera- 
tion and  not  opposition.    .    .    . 

We  pointed  out  that  we  were  one  of  the  large  cus- 
tomers of  the  railroads,  that  we  should  be  good  friends 
and  that  this  would  be  to  our  mutual  advantage  if  we 
worked  together  instead  of  against  each  other.  We  then 
said  that  we  felt  that  a  constructive  program  was  neces- 
sary, and  that  we  looked  to  the  railroad  men  to  develop 
this  program.  They  knew  the  business  and  we  did  not; 
they  had  invested  generations  of  experience  in  it,  and 
they  could  hardly  expect  us  to  develop  the  remedy.  The 
railroad  representatives  told  us  that,  as  shippers,  we 
ought  to  take  an  interest  in  the  problem.  Our  answer 
was :  "What  shall  we  do?    We  do  take  an  interest.  What 


do    you    want    us    to    do    of    a    constructive    nature?" 

We  pointed  out  to  them  that  one  of  the  criticisms 
which  seemed  to  be  well  founded  was  that  they  had  the 
reputation  of  not  being  able  to  sink  their  differences  and 
work  together.  We  told  them  that  if  they  would 
develop  a  program  and  the  railroads  and  the 
automotive  industry  could  agree  upon  it  and 
would  support  it,  that  we  would  use  our  manu- 
facturing and  our  dealers'  organizations  all  over  this 
Country  to  develop  a  sound  public  opinion,  behind  that 
program,  and  to  endeavor  to  put  it  through  Congress 
next  winter.  .  .  .  Finally,  Mr.  Hoover  said  that  he 
approved  the  attitude  of  our  committee  and  thought 
that  it  was  constructive.  A  resolution  was  proposed 
that  the  Chamber  of  Commerce  of  the  United  States 
appoint  a  committee  which  should  make  a  thorough 
study  of  the  transportation  questions  affecting  the 
railroads,  highways  and  waterways;  and  that  on  this 
committee  should  be  represented  the  railroads,  industry, 
agriculture  and  labor.  That  committee  was  appointed, 
and  is  now  at  work. 

In  the  automotive  industry,  .  .  .  we  cannot  suc- 
ceed in  our  business  and  manufacture  and  distribute 
economically  without  the  best  of  railroad  transporta- 
tion. .  .  .  We  can  either  pay  for  it  in  support  of  private 
ownership  and  give  the  railroads  a  chance  to  make 
reasonable  returns  on  their  capital,  or  we  can  let  them 
drift  into  Government  ownership,  get  poor  service  and 
pay  for  it  in  high  taxes.  .  .  .  You  will  find  that 
our  interest  lies  in  the  support  of  private  ownership  of 
the  railroads,  in  giving  to  them  sufficient  backing  and 
help  to  develop  a  machine  that  can  do  our  business 
economically  and  efficiently.  ...  I  am  confident 
that  the  administration  has  three  main  points  in  view. 
First,  to  develop  some  railroad  consolidations  which  it 
thinks  will  be  in  the  interest  of  economy  and  efficiency. 
Second,  to  have  a  scientific  revision  of  rates.  .  .  . 
Third,  the  consolidation  of  the  Railroad  Labor  Board 
and  the  Interstate  Commerce  Commission.  It  feels, 
and  I  think  rightly  so,  that  one  body  should  be  respon- 
sible for  both  income  and  outgo.     .     .     . 

Regarding  railroad  capital,  it  is  a  well  understood 
principle  of  finance  that  certain  relations  must  be  main- 
tained between  junior  securities  and  senior  securities. 
By  senior  securities,  I  mean  bonded  debt  and  prefer- 
ence shares.  .  .  .  The  proper  proportions  between 
the  two  must  not  be  allowed  to  get  out  of  line. 

Since  1915  the  railroads  of  this  country  have  been 
unable  to  issue  any  common  stock  for  capital  purposes. 
It  is  evident  that  the  railroads  are  spending  money  now 
for  equipment  and  for  expansion  of  various  kinds,  but 
they  are  simply  mortgaging  the  surpluses  that  they 
built  up  before  this  state  of  affairs  existed.  They  will 
come  to  the  end  of  that  before  long.  In  the  opinion  of 
the  best  bankers,  they  have  nearly  reached  the  end  now. 
Then  the  Country  will  find  that  it  cannot  get  increased 
railroad  transportation.  The  public  will  become  im- 
patient at  that  state  of  affairs  and  there  will  be  only 
one  credit  available,  that  of  the  Government,  and  there 
will  be  pressure  brought  to  bear  to  put  the  railroads  in- 
to the  hands  of  the  Government,  which  I  think  would  be 
greatly  to  our  disadvantage.  .  .  .  When  the  Chamber 
of  Commerce  of  the  United  States  has  developed  this 
plan  and  introduces  it  to  the  public  and  to  Congress,  I 
hope  automotive  engineers  will  support  it  and  do  all 
within  their  power  to  develop  a  sound  public  opinion 
behind  it.  We  should  do  this  because  it  will  be  good 
business  to  do  it;  we  should  do  this  because  it  will  be 
good  citizenship. 

The  Automotive  and  the  Railroad  Interests 

The  need  for  the  correlation  of  the  automotive  and  the 
railroad  interests  was  voiced  in  specific  manner  by  W.  J.  L. 
Banham,  general  traffic  manager  of  the  Otis  Elevator  Co. 
and  president  of  the  Associated  Traffic  Clubs  of  America, 
the  next  speaker. 
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Stating  that  the  lack  of  transportation  is  seriously  im- 
pelling the  production  of  the  country  and  that,  unless  a  con- 
dition can  be  created  whereby  it  will  be  possible  to  move  a 
substantially  increased  tonnage  by  the  more  intensive  use  of 
our  present  facilities,  the  present  unsatisfactory  situation 
will  continue  and  the  public  will  be  required  to  pay  high 
freight  rates  and  receive  unsatisfactory  service  in  return, 
Mr.  Banham  reviewed  present  transportation  impediments, 
inclusive  of  the  congestion  at  railroad  terminals  and  the  re- 
stricted use  of  motor  trucks,  as  a  preface  to  discussing  how 
these  obstacles  can  be  removed  and  how  better  coordination 
between  the  two  transportation  systems  can  be  accomplished. 
To  this  end,  an  avoidance  of  long  distance  competition  be- 
tween motor  trucks  and  railroads  appears  reasonable,  and  it 
seems  that  the  activities  of  the  motor  truck  should  be  con- 
fined largely  to  the  movement  of  freight  within  the  railroad- 
terminal  area,  or  adjacent  thereto. 

To  speed  up  the  movement  of  freight  passing  through  rail- 
road terminals,  it  will  be  necessary  for  the  carriers  and  the 
shippers  to  agree  upon  and  develop  a  system  of  store-door  de- 
livery and  collection  service  that  would  secure  the  more  in- 
tensive use  of  the  present  terminals.  What  is  needed  at 
the  present  time  is  a  much  closer  cooperation  between  the 
shippers  and  receivers  of  freight  and  the  rail  carriers  than 
has  existed  hitherto. 

In  enlarging  upon  his  subject,  Mr.  Banham  discussed  the 
prompt  removal  of  freight  from  terminals,  citing  Canadian 
practice  in  some  detail,  and  stated  his  belief  that  the  motor 
truck  and  the  highways  should  be  used  for  the  handling  of 
short-haul  freight  covering  distances  up  to  25  miles  or  dis- 
tances to  be  agreed  upon  by  the  trucking  and  the  railroad 
interests.  Also,  that  motor  trucks  should  serve  as  feeders  for 
the  railroads,  acting  as  their  agents  and  with  their  duties  and 
responsibilities  denned  clearly  by  tariff  regulations  issued 
with  the  approval  of  the  State  and  Federal  Commissions. 

The  movement  of  less-than-carload  freight  between  the 
carriers'  sub-stations  and  main  stations  is  also  an  important 
problem,  and  this  was  treated  by  Mr.  Banham  together  with 
the  so-called  "trap-car"  freight-service,  believed  by  freight 
agents  to  delay  less-than-carload  freight  seriously.  He  stated 
further  that  the  proper  understanding  of  the  "field"  of  the 
various  transportation  agencies  is  vital,  but  in  determining 
this  field  each  form  of  transportation  should  bear  its  proper 
responsibilities  and  charges;  no  one  class  of  carriers  should 
be  subsidized  by  the  Federal  Government  or  by  the  States  to 
the  disadvantage  of  other  competing  agencies;  only  by  mu- 
tual understanding  of  the  proper  relationships  can  the  good 
of  the  public  as  a  whole  be  advanced;  and  that  the  en- 
couragement of  active  and  forced  competition  would,  in  the 
end,  be  destructive. 

Present  Status  of  the  Railroads 

The  final  address  was  made  by  Robert  S.  Binkerd,  vice- 
chairman  of  the  Committee  on  Public  Relations  of  the  Eastern 
Railroads,  who  recounted  the  efforts  of  railroad  interests, 
since  1920,  to  find  a  sound  harmonious  transportation  policy. 
He  rehearsed  the  difficulties  under  which  railroads  have  op- 
erated during  this  period,  stating  the  big  railroad  problem 
to  be  whether  the  people  of  the  United  States  will  support  a 
constructive  policy  toward  the  railroads  that  will  permit 
them,  as  economic  agents,  to  supply  the  facilities  and  service 
demanded  for  the  welfare  of  the  country. 

Quoting  statistics  of  development  and  the  disadvantageous 
features  of  railroad  operation  under  Federal  control,  the 
growth  and  improvement  of  service  and  equipment  since  pri- 
vate ownership  again  obtained  were  enlarged  upon  by  Mr. 
Binkerd  at  some  length.  In  conclusion,  he  stated  that  by 
Oct.  1,  1923,  the  railroads  will  be  in  better  condition  than 
before  the  war.  They  are  aiming  to  increase  the  average 
loading  of  all  freight  cars  to  30  tons  and  the  average  daily 
movement  of  all  freight  cars  to  30  miles.  By  these  higher 
levels  of  transportation,  they  expect  to  handle  this  year's 
great  volume  of  traffic  smoothly  and  efficiently.  The  rail- 
roads are  forging  ahead  regardless  of  an  income  that  is  still 
inadequate  and  oblivious  of  political  attacks,  and  are  placing 
their  reliance  on  the  sense  of  fair  play  of  the  American 
people. 


TRACTOR  DEFECTS  SUMMARIZED 


Large  Audience  Hears  Professor  Sjogren's  Report  and 
Paper  by  C.  M.  Eason 

The  annual  Tractor 
Meeting  of  the  Society 
in  Chicago  on  April  19 
proved  to  be  one  of  the 
most  successful  meetings 
ever  staged  in  the  farm 
power  field.  Over  100 
representative  tractor  en- 
gineers and  builders  were 
in  attendance;  every  one 
of  the  principal  com- 
panies was  represented, 
in  some  cases  by  three 
and  four  men.  It  was  the 
consensus  of  opinion  that 
the  meeting  had  resulted 
in  an  excellent  coopera- 
tive interchange  of  expe- 
rience that  would  be  of 
real  value  to  all  who  attended. 

Two  technical  sessions  and  a  luncheon  constituted  the  pro- 
gram. The  morning  session  was  addressed  by  Prof.  O.  W. 
Sjogren  of  the  University  of  Nebraska.  He  presented  an 
extremely  valuable  and  informative  paper  that  embodied  an 
analysis  of  tractor-test  data  accumulated  during  2  years  of 
testing  for  the  State  at  the  University.  Constructive  crit- 
icism of  tractor  design,  performance  and  serviceability 
formed  one  of  the  most  interesting  parts  of  the  paper.  The 
following  paragraphs  give  some  of  the  more  important  points 
brought  out  in  the  paper  itself,  and  in  the  discussion  that 
followed  its  presentation. 

One  of  the  outstanding  discrepancies  in  the  tractor  field 
is  the  lack  of  an  accepted  standard  method  of  rating,  both 
in  the  belt  and  at  the  drawbar.  In  several  cases,  tractors 
of  different  makes  using  the  same  kind  and  size  of  engine 
have  been  given  ratings  of  wide  variation.  Four  tractors  of 
different  make  equipped  with  identical  engines  are  rated 
from  30  hp.  at  900  r.p.m.  to  35  hp.  at  850  r.p.m.,  an  increase 
of  16  per  cent  in  the  power  rating  with  a  5%-per  cent  drop  in 
the  speed.  In  another  case,  the  tractors  are  rated  at  20  and 
25  hp.  respectively  at  exactly  the  same  speed,  a  difference  of 
25  per  cent.  These  cases  indicate  the  existence  of  a  condi- 
tion that  should  be  corrected.  A  standard  method  of  rating. 
conscientiously  observed,  would  provide  a  direct  means  of 
comparing  tractor  power.  It  would  tend  to  instill  greater 
confidence  in  the  tractor  industry  on  the  part  of  prospective 
users.  There  should  also  be  an  accepted  standard  for  belt 
speeds  to  avoid  the  present  confusion.  Wide  limits  may  be 
desirable  when  a  standard  is  first  proposed,  but  it  is  time 
that  one  or  two  definite  belt  speeds  be  chosen  and  all  ma- 
chines equipped  with  pulleys  to  provide  one  of  these  speeds 
at  its  rated  number  of  revolutions  per  minute. 

Weight  Distribution  and  Tractive  Efficiency 

One  might  assume  that  the  very  light  tractors  would  have 
less  weight  per  drawbar  horsepower  than  the  heavier  ones. 
Professor  Sjogren's  data  indicate,  however,  that  the  tractors 
having  a  total  weight  of  about  4500  lb.  have  less  weight  per 
drawbar  horsepower  than  either  or  the  lighter  or  heavier 
ones.  The  general  trend  of  the  relation  of  total  engine 
weight  and  engine  weight  per  brake  horsepower,  indicates 
that  the  weight  per  horsepower  increases  as  the  total  engine 
weight  increases.  Tractive  efficiency  seems  to  decline  with 
an  increase  in  the  total  weight  beyond  4500  lb.  With  the 
wheel  tractor,  the  tractive  efficiency  tends  to  become  lower  as 
the  total  weight  per  drawbar  horsepower  increases.  Drive- 
wheel  slippage  decreases  slightly  as  the  total  tractor  weight 
increases. 

A  great  variation  was  found  in  the  amount  of  fuel  re- 
quired per  horsepower-hour  for  the  tractors  tested  in  Ne- 
braska.    A  variation  was  noted  of  138  per  cent,  from  the 
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lowest  to  the  highest,  on  the  belt  test;  and  181  per  cent,  from 
lowest  to  highest,  on  the  drawbar  test.  The  data  reveal 
that  the  lowest  fuel-consumption  is  secured  with  engines 
having  cylinders  between  5  and  6  in.  in  diameter.  Engines  of 
the  valve-in-head  type  gave  better  fuel  economy  than  the 
L-head  type  on  all  operating  loads.  It  was  notable  that  the 
fuel  required  on  drawbar  work  was  almost  double  that  re- 
quired on  belt  work. 

Defects  in  Tractors  Tested 

Professor  Sjogren  summarized  the  principal  defects  that 
had  been  encountered  in  the  Nebraska  tests  for  the  purpose 
of  offering  constructive  criticism  leading  to  the  production 
of  better  tractors.  It  was  necessary  to  adjust  push-rods  on 
a  considerable  number  of  the  engines  before  the  tractors 
could  be  tested.  In  many  of  these  cases  the  power  output 
was  increased.  There  were  frequent  instances  where  the 
valves  were  not  fitted  properly  at  the  factory.  Belt  pulleys 
of  the  attachment  type  gave  considerable  trouble,  probably 
due  to  their  having  a  short  shaft  with  only  one  bearing. 
Lack  of  proper  clearance  between  pulley  and  drive  wheel 
was  encountered.  This  is  especially  undesirable  when  the 
tractor  is  used  on  wet  ground,  the  soil  filling  in  on  the  drive 
wheel  until  it  rubs  against  the  belt  pulley  and  stalls  the 
engine.  Some  tractors  would  not  allow  the  engine  to  be 
cranked  with  the  belt  on ;  this  is  a  very  bad  arrangement. 
Most  of  the  difficulty  with  cooling  systems  seemed  to  be  with 
the  fan  and  its  drive.  In  twenty-one  cases  the  fan-belt  was 
the  offender.  Clutches  had  to  be  adjusted  in  many  cases.  In 
a  few  instances  the  carbureter  was  replaced  with  one  of  dif- 
ferent size  or  make  and  the  power  and  operation  materially 
improved  as  a  result.  There  were  cases  where  the  power 
output  was  increased  materially  by  removing  the  air-cleaner, 
indicating  that  the  cleaner  was  too  small.  Air-cleaners 
using  water  should  be  designed  so  that  the  water  supply  can 
be  replenished  while  the  engine  is  under  load.  This  is  par- 
ticularly important  when  working  on  the  belt. 

Many  tractors  were  submitted  for  test  equipped  with  gov- 
ernors that  were  practically  useless.  The  governor  should 
maintain  speed  within  5  per  cent  either  way;  there  were 
examples  where  a  variation  of  50  per  cent  in  the  speed  was 
possible.  The  most  frequent  difficulty  encountered  in  the 
ignition  system  was  errors  in  timing.  Difficulty  with  the 
chassis  was  met  only  in  limited  degree;  there  were  some 
instances  of  improper  lubrication,  poor  steering-gears,  and 
weak  construction  evidenced  by  broken  bolts,  twisted  frames 
and  broken  gears. 

Suggestions  for  Improved  Design 

More  attention  should  be  given  to  the  comfort  of  the 
driver.  He  should  be  seated  so  that  he  has  a  good  view  of 
the  field  ahead  of  him.  The  seat  should  be  located  so  that 
he  will  not  be  directly  in  the  path  of  the  hot  air  blast  from 
the  fan,  nor  in  a  position  close  to  exhaust  pipes  or  other 
heated  units.  Accessibility  should  be  carried  to  the  utmost 
degree  of  convenience  for  inspection,  adjustment  and  repair. 
Professor  Sjogren  made  three  specific  recommendations. 

(1)  More  rigid  inspection  of  parts  as  well  as  the 
finished  machine 

(2)  More  rigid  tryouts  in  the  field  under  various 
conditions  before  the  tractor  is  finally  approved 
for  production 

(3)  A  choice  of  accessories  based  on  a  thorough  study 
of  them  as  related  to  the  particular  machine  in 
question 

Professor  Sjogren's  paper  was  followed  by  a  very  active 
discussion.  A.  W.  Scarratt  urged  the  adoption  of  some 
standard  method  of  rating,  remarking  that  differences  in 
transmission  did  not  warrant  the  extravagant  claims  made 
by  some  companies  who  used  stock  engines  that  were  given 
a  lower  rating  by  other  and  more  conservative  firms.  H.  A. 
Huebotter  of  Purdue  University  agreed  with  Mr.  Scarratt, 
saying  that  not  over  30  per  cent  of  the  tractor  engines  are 
rated  lower  than  80  per  cent  of  their  maximum  belt  horse- 
power. He  asked  Professor  Sjogren  what  field  condition 
was  represented  in  the  test-track  soil  at  the   University  of 


Nebraska.  Professor  Sjogren  replied  that  it  was  difficult  to 
say.  The  so-called  cinder  track  was,  in  reality,  only  covered 
with  a  thin  bed  of  cinders  to  improve  drainage  conditions  and 
arrive  at  a  more  nearly  uniform  condition  of  the  soil  for 
testing  purposes.  He  would  judge  it  to  approximate  a  plowed 
field  of  medium  hardness  with  fairly  compact  bottom  soil, 
stubble  ground  rather  than  covered  with  sod. 

R.  F.  Vogt,  of  the  Allis-Chalmers  Mfg.  Co.,  read  a 
prepared  discussion  in  which  he  claimed  that  the  Nebraska 
test  practice  of  measuring  wheel  revolutions  on  only  one 
rear  wheel  brought  an  appreciable  error  into  all  of  the  per- 
formance calculations,  particularly  those  involving  wheel 
slippage.  He  submitted  examples  calculated  from  Nebraska 
test  data  to  show  that  a  reasonable  difference  in  the  number 
of  revolutions  between  the  two  rear  wheels  would  result  in 
the  drawing  of  erroneous  conclusions  if  the  revolutions  of 
only  one  wheel  were  considered.  Professor  Sjogren  stated 
that  he  was  convinced  that  there  could  not  be  any  great 
difference  between  the  speed  of  the  two  wheels  under  the 
test  conditions.  He  had  checked  this  matter  closely  with 
electric  tachometers  that  are  now  a  part  of  the  regular  test 
equipment,  and  the  variation  was  never  found  to  exceed  5 
per  cent  in  the  extreme  cases.  Slippage  data  are  now  given 
in  the  test  reports  in  two  ways  to  avoid  a  criticism  that  has 
been  voiced  in  the  past;  one  column  gives  the  figures  based 
on  the  diameter  of  the  drive  wheel  measured  at  the  outer 
point  of  the  driving  lugs;  a  second  column  includes  these 
same  data  based  on  a  diameter  taken  at  the  rim  of  the  drive 
wheels. 

Asked  regarding  fuel  consumption,  Professor  Sjogren  said 
that  the  tractors  burning  kerosene  used  from  0.63  to  1.40  lb. 
per  b.  hp-hr.  Those  using  gasoline  burned  from  0.65  to  1.13  lb. 
per  b.  hp-hr.  He  had  not  tested  any  steam  or  heavy-oil  burning 
tractors  but  was  in  a  position  to  test  the  latter  type.  There 
has  been  a  noticeable  improvement  in  the  cooling  systems  of 
most  of  the  tractors  tested  in  the  last  year  over  the  earlier 
models,  very  few  cases  of  over-heating  being  observed.  C.  M. 
Eason  remarked  that  the  matter  of  wheel  slippage  was  one 
of  the  most  troublesome  problems  before  the  tractor  engineer 
and  gave  some  of  his  personal  experiences  in  trying  to 
measure  it  accurately. 

General-Purpose  Tractors 

C.  M.  Eason  gave  an 
interesting  talk  on  the 
general-purpose  type  of 
tractor  at  the  afternoon 
session,  abstracting  his 
paper  which,  it  is  expected, 
will  be  printed  in  an  early 
issue  of  The  Journal.  He 
had  gathered  a  very  com- 
prehensive set  of  photo- 
graphs illustrating  a  large 
number  of  experimental 
machines  designed  to  dis- 
place completely  the  horse 
on  the  farm.  These  were 
shown  to  the  members  in 
slide  form  and  each  type 
discussed  by  the  speaker. 
O.  B.  Zimmerman  read  a 
short  contribution  in  which  he  outlined  some  of  the  develop- 
ment work  done  on  the  general-purpose  tractor  by  the  Inter- 
national Harvester  Co.  A.  W.  Scarratt  believed  that  the 
all-purpose  machine  should  be  built  of  a  size  and  power  to 
handle  two  plows.  Dent  Parrett  called  attention  to  the  im- 
portance of  building  greater  durability  into  the  general- 
purpose  tractor  because  of  the  increased  number  of  hours  it 
would  be  operated.  Prof.  J.  B.  Davidson,  of  the  University 
of  Iowa,  was  of  the  opinion  that  corn  cultivation  formed  the 
most  important  problem  to  be  solved  in  any  general-purpose 
tractor  since  corn  acreage  forms  the  major  part  of  the  aver- 
age American  farm.  Good  directional  control  is  essential  in 
corn  cultivation ;  Professor  Davidson  did  not  believe  line  or 
rope   control   would   prove    satisfactory.      He   favored   using 
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only  two  plows  with  the  general-purpose  tractor,  but  recom- 
mended that  it  be  arranged  to  cultivate  four  rows  at  a  time. 
O.  B.  Zimmerman  characterized  the  later  types  of  tractor 
as  the  spider  type  because  of  their  peculiar  appearance  when 
built  to  straddle  and  be  clear  of  the  rows  of  growing  corn. 

C.  C.  Trump  did  not  agree  with  Mr.  Eason  when  he  stated 
that  the  production  of  steam  propelled  tractors  would  not 
show  an  increase  in  the  future.  He  remarked  that  consid- 
erable progress  had  been  made  in  the  more  efficient  design 
of  boilers,  fireboxes  and  engines  so  that  higher  efficiencies 
were  now  attainable.  The  steam  tractor  will  burn  wood, 
straw,  oil  or  coal;  it  can  furnish  heat,  light  and  power  in 
the  winter  season.  Several  firms  are  now  studying  the  pos- 
sibility of  building  steam-propelled  tractors  of  a  lighter  type 
than  those  now  in  use,  taking  advantage  of  all  the  latest 
progress  made  in  combustion  and  steam  engineering. 

In  closing  this  account  of  the  1923  Tractor  Meeting,  ac- 
knowledgment is  made  of  the  extremely  valuable  work  of 
H.  0.  K.  Meister,  who  was  responsible  for  the  excellent  group 
of  talks  and  the  other  meeting  arrangements.  Appi-eciation 
is  recorded  also  of  the  fine  cooperation  of  the  Farm  Equip- 
ment Manufacturers'  Association  in  arranging  the  annual 
meeting  of  their  Tractor  Division  on  the  day  following  the 
Society  meeting,  thus  increasing  the  attractiveness  of  both 
meetings  and  resulting  in  the  large  and  representative  at- 
tendance. 


FARMERS  NEED  EFFICIENT  TRACTORS 


American  Farm  Bureau  Federation's    President    Gives 
Tractor  Engineers  Good  Advice 

The  ultimate  type  of  farm  tractor  that  is  suited  to  the 
needs  of  the  average  American  farmer  has  yet  to  be  devel- 
oped. This  is  the  opinion  of  O.  E.  Bradfute,  president  of  the 
American  Farm  Bureau  Federation,  who  addressed  the  Trac- 
tor Luncheon  in  Chicago  on  April  19.  His  address,  which 
was  given  from  the  farmer's  viewpoint,  was  received  enthusi- 
astically by  an  audience  of  ninety  members  and  their  guests. 

Mr.  Bradfute  believed  that  the  American  farmer  is  more 
efficient  than  the  farmers  of  any  other  country,  when  he  is 
judged  comparatively  by  the  average  acreage  that  is  worked 
by  the  farmers  in  each  of  the  great  agricultural  nations. 
Since  this  efficiency  is  dependent  upon  his  possession  of  effi- 
cient farm  machinery,  he  is  always  interested  in  every  ad- 
vance made  in  the  further  application  of  mechanical  power 
to  the  work  of  the  farm.  The  cost  per  acre  of  producing 
grain  in  1847  was  less  than  it  is  today  in  spite  of  the  use 
of  our  highly  developed  farm  implements;  this  is  true 
whether  the  cost  is  figured  in  dollars  or  in  wheat.  The 
increased  cost  of  labor  and  farm  implements  apparently  has 
offset  the  improvement  in  farm  efficiency  and  the  ultimate 
costs  are  not  reduced.  Thus  we  see  that  further  engineering 
advancement  is  important. 

It  required  a  number  of  years  to  develop  a  stabilized  and 
universally  accepted  design  of  automobile;  this  will  probably 
be  the  case  with  the  tractor.  Not  only  is  the  type  to  be  deter- 
mined, but  there  is  no  agreement  at  present  on  the  size  best 
suited  to  the  needs  of  the   average  farmer.     Mr.    Bradfute 


made  a  plea  for  the  utmost  simplicity  in  any  mechanical 
equipment  that  is  intended  to  give  service  in  the  hands  of 
the  farmer.  Adjustments  must  be  easy  to  make  and  to 
understand;  there  must  be  a  higher  degree  of  accessibility 
than  has  been  evident  in  the  tractors  of  the  past.     Standard- 


P.  E.  Bradfute  Finley  P.  Mount 

Two  of  the  Speakers  at  the  Tractor  Luncheon 

ization  must  be  applied  to  the  simpler  parts  such  as  the  nuts, 
bolts,  threads,  etc.,  so  that  the  farmer  does  not  need  two  or 
three  sets  of  wrenches  to  adjust  his  implements,  even  though 
they  are  the  product  of  several  different  manufacturers. 

The  ultimate  type  of.  tractor  must  be  reasonably  inex- 
pensive in  first  cost  because  the  farmer  is  not  in  a  position 
to  finance  the  purchase  of  expensive  equipment.  It  must  be 
made  of  the  general-purpose  type  so  that  it  can  be  used  for 
a  longer  period  of  time  and  completely  displace  the  horses  on 
the  farm.  Mr.  Bradfute  said  that  he  was  unable  to  use  the 
tractors  on  his  own  farm  for  a  longer  period  than  fifty  days 
of  each  year.  The  possibility  of  a  fuel  shortage  must  not  be 
neglected  in  any  discussion  of  the  future  farm  tractor.  The 
farmer  is  constantly  thinking  of  the  possibility  of  using  the 
waste  products  of  the  farm  in  producing  alcohol  for  power 
and  heating  purposes.  He  is  hopeful  that  electricity  will  be 
used  eventually  as  a  means  of  driving  farm  tools  and  haul- 
ing his  farm  implements,  for  this  would  enable  him  to  make 
use  of  waterpower  that  is  available  on  many  farms  and  is 
now  being  wasted. 

The  purchasing  power  of  the  farmer  is  a  matter  of  con- 
cern to  all  business  men;  the  present  tendency  of  higher 
prices  in  labor  and  machinery  is  not  being  accompanied  by 
a  relative  increase  in  the  prices  of  farm  products;  this  is 
resulting  in  a  limitation  of  the  farmer's  ability  to  buy  man- 
ufactured goods.  We  are  staring  that  situation  in  the  face 
today  and  the  prosperity  of  the  implement  and  vehicle  indus- 
try will  be  adversely  affected  unless  this  condition  is  reme- 
died. 
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ACROSS  THE  SAHARA  DESERT  BY  MOTOR 
CAR 


Andre  Citroen  Received  Enthusiastically  at  Sessions  in 

New  York  City  and  Detroit 

A  special  meeting  of  the  Society  was  held  last  month  in 
Xew  York  City  at  which  M.  Andre  Citroen,  a  member  of 
the  Society  resident  in  Paris,  France,  who  is  well  known  as 
a  gear  and  car  maker,  gave  very  interesting  and  instructive 
talks  on  the  crossing  of  the  Sahara   Desert  by  automobiles 


Ande*  CrntofiN 

of  the  track-layer  type  developed  by  him  and  his  associates. 
The  moving  pictures  that  M.  Citroen  showed  were  extremely 
novel  and  indicated  vividly  the  little  known  conditions  of  the 
Sahara  Desert.  This  desert,  separating  Northern  and  Equa- 
torial Africa,  is  an  enormous  territory  1875  miles  in  length. 
It  contains  a  few  oases  where  natives  live  and  there  are  a 
limited  number  of  military  and  civil  posts.  The  camel  has 
been  the  only  means  of  transit  used  on  it  until  recently, 
this  means  of  transit  taking  M.  Citroen  said  more  than  a 
year  to  traverse  the  desert. 

The  speaker  pointed  out  that  the  soil  of  the  desert  is  the 
automobile's  most  deadly  enemy;  the  sand  raised  by  storms 


is  liable  to  get  into  and  clog  the  engine.  In  fact,  inasmuch 
as  the  soil  cannot  be  adapted  to  vehicles  of  the  conventional 
type,  vehicles  must  be  adapted  to  the  soil.  A  type  of  car 
capable  of  traveling  safely  across  sand  and  pointed  rocks, 
using  as  little  gasoline  and  as  few  tires  as  possible  and  yet 
capable  of  carrying  the  necessary  load,  had  to  be  constructed. 

In  1921  there  were  constructed  in  M.  Citroen's  factory 
some  cars  fitted  with  apparatus  designed  by  M.  Kegresse,  a 
French  engineer,  who  was  formerly  head  of  the  automobile 
service  of  the  Czar  of  Russia.  This  apparatus  consisted 
essentially  of  introducing  between  the  soil  and  the  friction 
rollers  carrying  the  chassis  a  continuous  band  of  reinforced 
rubber.  The  front  wheels  of  the  vehicle,  which  are  of  the 
ordinary  type,  carry  relatively  very  little  of  the  load. 

In  the  first  expedition  to  the  Sahara  there  were  five  10-hp. 
cars  carrying  two  men  each.  In  this  the  journey  from  Toug- 
gourt  to  Timbuctoo  and  return,  3750  miles,  was  made  in  34 
"marches"  taking  44  days.  The  second  expedition,  under  the 
command  of  M.  Citroen,  consisted  of  three  light  cars  carry- 
ing six  people.  It  covered  1563  miles  of  the  journey  from 
Touggourt  to  Tadjemount  and  return  in  10  "marches"  taking 
16  days.  Extra  supplies  of  gasoline  were,  of  course,  carried 
on  the  cars  of  the  expedition,  there  being  supply  posts  from 
600  to  800  miles  apart.  Room  could  not  be  spared  on  the 
cars  for  the  carrying  of  wireless  apparatus.  The  conditions 
encountered  ranged  from  the  burning  sand  to  icy  cold  nights. 
Lighter  and  faster  cars  were  used  in  the  second  expedition, 
these  being  able  to  run  at  twee  the  speed  of  those  in  the 
first  expedition. 

In  closing,  M.  Citroen  said  that,  distance  existing  only  be- 
cause of  the  time  it  takes  to  compass  it,  the  distances  across 
the  Sahara  have  been  reduced  in  the  proportion  of  30  to  1, 
the  1875  miles  from  Touggourt  to  Timbuctoo  in  a  track- 
la;  ing  (  utomobile  being  equivalent  to  about  60  miles  on  a 
camelV  back.  When  routes  are  mapped  out  and  supply  ser- 
vice assured,  nothing  will  prevent  comfortable  traveling  in 
the  desert,  the  magic  and  majesty  of  whose  sandy  plains 
extend  as  far  as  the  horizon,  changing  in  color  tone  at  each 
hour  of  the  day.  The  track-laying  automobile  covered  156 
miles  per  day  at  the  rate  of  nearly  19  m.p.h. 

Andre  Citroen  addressed  an  audience  of  over  1000  people 
at  the  meeting  of  the  Detroit  Section  of  the  Society  on  the 
evening  of  April  16  in  the  auditorium  of  the  General  Motors 
Building.  His  talk  was  accompanied!  by  motion  pictures  of 
the  Trans-Sahara  expedition  undertaken  by  a  caravan  of 
Citroen-Kegresse  track-driven  cars.  M.  Citroen  predicted 
that  there  would  be  an  increasing  interest  in  the  small  car 
in  the  United  States  because  of  the  economy  of  operation 
and  greater  ease  of  handling  of  the  smaller  and  lighter 
vehicles.  He  expressed  the  opinion  that  the  public  would 
appreciate  short  wheelbase,  narrow  tread  and  short  turning 
radius  because  of  the  serious  traffic  congestion  on  the  streets 
of  our  larger  cities.  Gasoline  mileages  of  these  smaller 
vehicles  reaches  the  40  figure  and  tire  mileages  are  mate- 
rially raised  also.  It  is  possible  to  build  these  smaller  cars 
so  that  they  seat  four  persons  comfortably,  yet  do  not  ex- 
ceed 1800  lb.  in  weight  complete  with  body.  M.  Citroen 
exhibited  a  taxicab  in  Detroit  that  had  a  narrow  tread  and 
seated  two  people  in  the  rear  compartment;  he  pointed  out 
that  taxicabs  seldom  carry  more  than  two  passengers  and 
he  believed  that  the  small  light  car  was  ideal  for  this  class 
of  service. 


LUBRICATION  AN  EDUCATIONAL 
PROBLEM 


A  Contrast  in*  Methods  of  Transportation  in  the  Sahara  Desert 


At  the  New  England  Section's  meeting  on  April  26,  G.  A. 
Round  of  the  Vacuum  Oil  Co.,  New  York  City,  discussed 
lubrication  as  a  problem  in  the  education  of  the  car  operator 
and  owner.  Mr.  Round  pointed  out  the  importance  of  lubri- 
cation and  showed  that  a  large  percentage  of  lubrication 
difficulties  which  reflect  alike  on  car  builder,  fuel  refiner  and 
lubricant  manufacturer,  could  be  prevented  by  the  operator, 
if  he  were  educated  along  the  right  lines.  The  weaknesses 
of  the  usual  oil  recommendations  were  cited  as  examples  of 
what  should  be  avoided.     Suggestions  were  also  made  for  the 
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education  of  the  car-owner  to  minimize  the  dilution,  carbon, 
water  and  sludge-accumulation  evils. 

Mr.  Round  presented  some  very  interesting  data  on  the 
formation  of  emulsions  and  the  effect  of  dilution  on  the 
lubricant.  He  also  showed  photographs  from  recent  tests, 
proving  that  some  cases  of  difficult  starting  in  cold  weather 
are  due  to  the  freezing  of  accumulated  moisture  in  the  com- 
bustion-chamber. In  conclusion,  Mr.  Round  described 
changes  in  design  that  would  minimize  lubrication  difficulties 
and  aid  in  their  control. 

Two  features  are  scheduled  for  the  next  meeting  of  the 
New,  England  Section  on  May  10  at  the  Hotel  Kimball, 
Springfield,  Mass.,  beginning  at  8  o'clock,  following  a  dinner 
at  '!.30  p.  m.  R.  E.  Northway,  president  of  the  Northway 
Motors  Corporation,  will  speak  on  Types  of  Automobile 
Spring-Suspension  and  Materials  for  Springs.  The  Depart- 
ment of  Commerce  film  on  alloy  steel  will  be  shown,  to  illus- 
trate Mr.  Northway's  talk. 


ELECTRIC  TRUCK  ADVANTAGES  CITED 


Engineer  Believes  Them  Superior  to  Gasoline  Vehicles 
for  City  Delivery 

Claiming  that  it  costs  70  per  cent  more  to  haul  urban 
freight  by  gasoline-propelled  trucks  than  by  electric  trucks, 
J.  G.  Carroll  introduced  an  active  discussion  of  the  motor- 
transport  subject  at  the  meeting  of  the  Mid-West  Section 
on  April  20.  Mr.  Carroll,  who  is  chief  engineer  of  the  Walker 
Vehicle  Co.,  read  a  well-prepared  paper  on  the  General  De- 
sign of  Electric  Street  Trucks  and  Their  Performance  in 
Urban  Work.  Descriptions  were  given  of  the  various  types 
of  chassis,  motor  mountings,  batteries,  controllers  and  the 
methods  of  final  drive  that  are  in  general  use  in  the  electric 
vehicle  as  constructed  today. 

The  electric  truck  is  capable  of  operating  40  to  50  miles 
on  a  single  charge  of  the  battery.  A  large  department  store 
reports  an  average  daily  mileage  of  30;  the  American  Rail- 
way Express  Co.  reports  an  average  of  20  miles  daily  for  its 
electric  trucks.  It  seems  safe  to  assume  that  a  single  charge 
of  the  battery  assures  an  ample  delivery  radius  for  practically 
any  city  route.  Operating  speeds  of  electric  trucks  range 
from  10  m.p.h.  for  a  5-ton  truck  to  18  m.p.h.  for  a  %-ton 
truck.  The  gasoline  truck  has  the  advantage  over  the  electric 
truck  on  the  straightaway,  but  in  multi-stop  service  the  dis- 
parity disappears  and  the  electric  truck  is  superior  because 
of  its  ability  to  accelerate  very  quickly. 

A  distinctive  advantage  of  the  electric  truck  is  that  all  of 
its  moving  parts  are  at  rest  when  the  truck  makes  a  stop. 
On  the  average  30-mile  city  route  and  in  8  hr.  time,  the 
trucks  are  in  motion  only  2%  to  3Vz  hr.,  yet  the  engine  of  the 
gasoline  truck  will  be  turning  over  almost  continuously 
through  the  entire  8-hr.  period.  The  salient  characteristics 
that  contribute  to  the  advantages  claimed  for  electric  trucks 
over  those  propelled  by  gasoline  engines  were  enumerated 
as  follows  by  Mr.  Carroll: 

(1)  Substantial  construction  and  elimination  of  the 
reciprocating  internal-combustion  unit  practically 
eliminates  road  troubles,  reduces  maintenance  ex- 
pense to  a  minimum  and  obviates  the  need  of 
highly  paid  mechanics 

(2)  Minimum  vibration,  freedom  from  adjustments 
and  prevention  of  careless  speeding,  prolong  useful 
life  of  the  truck 

(3)  Reliability  and  uniform  driving  power  throughout 
the  life  of  the  motor  which  is  designed  to  deliver 
maximum  power  to  the  driving  wheels  as  required 

(4)  Operation  at  safe  economical  speeds  due  to  the 
inherent  characteristics  of  the  series  motor,  the 
speed  of  which  decreases  automatically  with  an 
increase  in  the  load 

Robert  E.  Wilson  was  elected  chairman  of  the  Mid-West 
Section  at  the  April  meeting.  Many  of  the  members  are 
familiar  with  the  valuable  research  work  done  by  Professor 


Copyright  by    Underwood   &   Un- 
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The  Essex  and  Sussex  Hotel,  Spring  Lake,  N.  J. 

Wilson  in  the  study  of  fuel  volatility,  crankcase-oil  dilution 
and  the  theory  of  lubrication,  the  results  having  been  pre- 
sented at  past  meetings  of  the  Society.  Other  officers  elected 
were:  Taliaferro  Milton,  vice-chairman;  W.  J.  Buettner, 
treasurer,  and  H.  O.  K.  Meister,  secretary. 


SUMMER  MEETING  NEXT  MONTH 


Spring   Lake,  N.   J.,  An   Attractive    Resort    That   Will 

Appeal  to  All 

The  approach  of  warmer  weather  and  the  summer  season 
reminds  us  that  the  popular  Summer  Meeting  of  the  Society 
will  soon  be  here.  One  of  the  attractive  hotels  that  will 
house  the  members  at  this  important  medley  of  business  and 
pleasure  is  illustrated  on  this  page.  Hotel  facilities  will 
be  found  equal  to  those  at  any  previous  summer  gathering; 
there  will  be  ample  room  for  everybody  and  the  service  and 
meals  are  recommended  to  us  as  being  of  the  first  order. 
There  has  been  a  strong  demand  from  some  quarters  for  the 
choice  of  a  seashore  resort  as  a  meeting  location;  Spring 
Lake  will  surely  appeal  to  this  class.    The  growing  popularity 
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of  the  recreational  part  of  the  program  necessitated  the 
selection  of  a  location  where  adequate  sport  facilities  could  be 
had.  Spring  Lake  boasts  of  two  18-hole  golf  courses,  both 
well  kept  and  sporty  enough  to  try  the  skill  of  those  who 
claim  to  be  graduates  of  the  dub  class.  There  is  a  fine  group 
of  tennis  courts  for  the  racket  wielders  and  a  still  water  pool 
will  tempt  the  more  talented  exemplars  of  the  Australian 
crawl. 

Plans  for  the  professional  meetings  are  not  sufficiently 
advanced  to  enable  an  announcement  to  be  made,  but  the 
papers  and  speakers  will  be  equally  as  valuable  as  those 
presented  at  other  Summer  Meetings.  Topics  will  be  selected 
for  their  general  interest  and  urgency.  Further  progress  on 
the  Society's  fuel  investigations  at  the  Bureau  of  Standards 
will  be  reported.  The  matter  of  crankcase-oil  dilution  will 
receive  attention.  The  Standards  Committee  will  hold  its 
semi-annual  meeting  and  vote  on  new  and  revised  standards 
that  are  of  vital  importance  to  the  industry. 

The  railroads  have  offered  half-fare  return  concessions  to 
the  members  who  will  journey  to  the  Summer  Meeting  from 
neai-ly  all  of  the  automotive  territory.  It  has  been  possible 
to  prepare  a  schedule  for  a  special  all-Pullman  train  from 
the  Middle  West  direct  to  Spring  Lake  over  the  Pennsylvania 
Railroad.  This  train  will  be  made  up  of  sleepers  from 
Detroit,  Cleveland,  Chicago,  Dayton,  Toledo,  Indianapolis, 
St.  Louis  and  intermediate  points.  They  will  all  be  brought 
together  at  Pittsburgh  and  run  from  there  as  a  single  Society 
of  Automotive  Engineers  train. 

Spring  Lake  can  be  reached  by  paved  roads  from  either 
New  York  City  or  Philadelphia.  Garage  facilities  are  pro- 
vided so  that  members'  cars  can  be  properly  stored  and  taken 
care  of  during  the  meeting  period.  One  of  the  companies  in 
the  industry  has  prepared  a  special  road  map  that  will  be 
mailed  to  all  of  the  members  some  time  during  the  month 
of  May. 

Application  blanks  for  reservations,  schedule  of  rates, 
railroad  information  and  all  particulars  will  reach  the  entire 
membership  with  a  special  issue  of  the  Meetings  Bulletin 
about  May  5. 


CLEVELAND  PAINT  MEETING 


Double  Program  on  Paint  Making  and  the  Sales  Appeal 
of  Color 

After  the  inspection  trip  through  the  Sherwin-Williams 
Co.'s  Cleveland  plant  on  the  afternoon  of  April  10,  J.  O. 
Hasson,  director  of  the  company's  chemical  and  technical 
production  sales  department,  addressed  a  group  of  Cleveland 
Section  and  Cleveland  Engineering  Society  members  in  the 
club  room  of  the  Sherwin-Williams  plant. 

Mr.  Hasson  compared  the  scientific  making  of  paint  to 
an  engineering  problem  with  its  many  details  demanding  for 
solution  a  complex  organization  covering  the  entire  world. 
The  Sherwin-Williams  organization  includes  a  testing  depart- 
ment for  raw  materials,  chemists,  formulators  and  testers, 
both  technical  and  practical,  for  the  finished  product.  Raw 
materials  are  tested  and  analyzed  before  they  are  turned 
over  to  the  formulating  department  where  experienced  for- 
mulators, working  on  the  reports  of  the  testing  department 
and  the  chemists'  analyses,  compose  the  formulas  on  which 
the  manufacturing  department  works.  Every  known  surface, 
metal,  wood,  paper  or  what  not,  is  considered  as  an  indi- 
vidual problem,  for  which  a  separate  formula  must  be  made. 
The  finished  product  is  thoroughly  tested  as  to  drying,  cover- 
ing, flowing  and  color.  After  these  technical  tests,  the  paint 
or  varnish  is  tried  out  under  the  conditions  it  would  meet 
in  actual  use. 

The  problems  of  the  car  builder  and  the  demands  he  makes 
on  paint  have  changed  with  the  speeding-up  of  production 
and  the  introduction  of  metal  bodies.  The  paint  and  varnish 
manufacturer  who  maintains  a  complete  and  active  research 
department  can  prescribe  the  right  finish  and  method  of 
application  for  a  given  use,  but  he  is  often  hampered  by 
competitive  price  conditions.  Mr.  Hasson  summed  up  the 
unique   service  of   the   Sherwin-Williams   Co.   as   that  of   an 


automotive  finish  clinic  to  handle  all  the  ailments  of  the 
automotive  industry  and  all  other  industries  that  use  tech- 
nical paints  and  varnishes,  a  service  that  is  extended  even 
to  the  consumer  of  a  product  with  a  Sherwin-Williams  finish. 

After  the  usual  informal  Section  dinner,  the  evening  session 
of  the  Paint  Meeting  opened  at  8  o'clock  in  the  Hotel  Winton. 
Illness  prevented  the  appearance  of  Edward  S.  Jordan, 
president  of  the  Jordan  Motor  Car  Co.,  who  had  been 
scheduled  to  speak  on  The  Psychology  of  Paint  in  the  Appeal 
of  the  Motor  Car.  The  Section  was  fortunate  in  being-  able 
to  secure  Edward  Patton  of  the  Franklin  Automobile  Co.  to 
speak  on  the  same  subject. 

Mr.  Patton  reminded  his  audience  that  a  man  will  always 
buy  on  the  appeal  to  his  emotions  when  he  will  not  buy  on 
the  appeal  to  his  will  or  his  mind.  It  is  the  emotional  appeal 
every  time  that  will  get  the  sale.  The  first  step  in  the  selling 
process  is  to  attract  attention.  That  is  where  perhaps  the 
coloring  and  painting  of  cars  is  an  aid,  though  the  car  that 
will  attract  the  most  attention  is  not  necessarily  the  most 
desirable.  In  the  long  run,  a  thing  must  have  utility  value 
to  succeed.  The  attention  value  of  color  has  been  vividly 
brought  out  by  the  Red  Top  Taxicab  Co.  in  Cleveland  and 
by  the  Checker  and  the  Yellow  Cab  companies  all  over  the 
country.  Color  is  the  thing  that  keeps  them  continually 
before  the  public.  Direct-by-mail  advertising  has  proved 
that  15  times  as  many  replies  can  be  brought  in  by  the  use 
of  color.  It  is,  of  course,  unlikely  that  15  times  as  many 
cars  could  be  sold  by  changing  the  color,  but  there  is  a  chance 
to  put  certain  colors  in  certain  communities.  Mr.  Patton 
illustrated  his  point  by  citing  some  of  his  own  selling  experi- 
ences. A  green  car  would  sell  in  the  lumber  camp  commu- 
nities of  northern  New  York,  but  there  was  no  market  for 
a  dark  blue  car.  In  the  towns  made  up  of  wealthy  conserva- 
tives, the  standard  dark  blue  was  the  only  choice.  There 
was  one  exception  in  Auburn,  N.  Y.,  a  green  car  with  red 
wire  wheels  caught  the  fancy  of  an  Italian  bootlegger.  As 
a  rule,  towns  of  from  30,000  to  40,000  insisted  on  standard 
colors;  but  in  the  smaller  towns  and  the  mountain  country, 
the  brighter  and  cruder  the  colors,  the  bigger  the  sales. 

Color  has  been  found  to  have  suggestion  values.  It  tells 
a  story  and  should,  therefore,  be  suited  to  the  product.  You 
would  laug'h  at  a  Ford  painted  a  bright  red,  but  you  would 
not  laugh  at  a  Stutz  in  the  same  color.  The  big  maroon 
sedan  has  an  air  of  luxury  and  a  dark  blue  car  has  a  certain 
air  of  aristocratic  aloofness.  Dark  green  is  always  restful, 
but  a  vivid  green  is  repellant.  A  wealthy  car  owner  in 
central  New  York  was  obliged  to  take  a  $6,000  depreciation 
on  a  vivid  green  car  only  six  months  after  he  bought  it. 
Brown  makes  a  car  look  heavy  whether  it  is  or  not.  Black 
is  so  widely  used  in  the  automobile  business  probably  only 
for  its  high  utility  value.  It  is  not  attractive  in  itself  and 
is  almost  wholly  negative  in  suggestion. 

In  conclusion,  Mr.  Patton  emphasized  the  selling  value  of 
appearance.  If  a  car  has  good  lines  and  a  bright  color,  if 
it  is  one  the  buyer  will  take  pleasure  in  owning  and  driving 
and  letting  people  see,  its  appearance  is  the  biggest  factor 
in  the  sale. 

The  next  session  of  the  Cleveland  Section,  on  May  18,  will 
be  a  business  meeting  at  8  o'clock,  followed  by  an  entertain- 
ment, after  the  usual  get-together  dinner  at  the  Hotel  Winton 
at  6:30  p.  m. 


ENGINEERING  BRAINS  IN  FLEET 
OPERATION 


Valuable  Discussion   at  Metropolitan   Section  Meeting 

Between  Fleet  Operators 

At  the  April  meeting  of  the  Metropolitan  Section,  E.  E. 
La  Schum,  general  superintendent  of  motor-vehicle  equip- 
ment of  the  American  Railway  Express  Co.,  gave  a  very 
interesting  address  on  the  need  of  engineering  skill  in  truck 
fleet  operation.  J.  F.  Winchester,  supervisor  of  motor  equip- 
ment of  the  Standard  Oil  Co.  of  New  Jersey,  in  the  compre- 
hensive discussion  he  presented  said  that  the  industry  is  on 
the  verge   of  important  developments   tending  toward   more 
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Schedule  of  Sections  Meetings 

MAY 

1 — Dayton  Section — Fundamental  Principles  of  the  Design  of  Military  Airplanes — W.  F.  Gerhardt 

2 — Minneapolis  Section — Some   Experiences  in  First  Breaking   Peat    Land — J.    L.   Larson;    Electricity   in   the 

Motor  Vehicle — North  East  Electric  Co.  film 
3 — Indiana  Section — Engineering  Information  from  the  Race  Track — F.  S.  Duesenberg 
4 — Washington  Section — Highways  and  Traffic — Major  F.  S.  Besson 
10 — New  England  Section — Types  of  Automobile  Spring-Suspension  and  Materials  for  Springs — R.  E.  Northway; 

The  Story  of  Alloy-Steel — Department  of  Commerce  film 
17 — Detroit  Section — -Four-Wheel  Brakes — M.  Lougheed 

17 — Metropolitan  Section — Steel — Dr.  J.  A.  Mathews;   Non-Ferrous  Metals — C.  H.  Landon;  The  Story  of  Alloy- 
Steel — Department  of  Commerce  film 
18 — Cleveland  Section — Business  Meeting 


economical  operation  of  motor  vehicles.  F.  C.  Horner,  of  the 
General  Motors  Corporation,  took  a  leading  part  in  the  dis- 
cussion, asking  among  other  things  what  is  the  best  way  to 
decide  upon  what  vehicles  to  standardize. 

.Air.  La  Schum  said  that  during  1922  the  American  Rail- 
way Express  Co.  handled  more  than  184,000,000  shipments, 
the  average  weight  per  shipment  being  about  82  lb.  The 
gross  revenue  was  $294,000,000.  The  automotive  equipment 
of  the  company  in  the  United  States  and  Canada  is  consti- 
tuted of  over  2600  gasoline  vehicles,  about  1200  electric  trucks 
of  the  conventional  type  and  over  300  industrial  trucks, 
together  with  100  semi-trailers.  While  only  one-third  of  the 
vehicles  owned  by  the  company  are  self-propelled,  they  have 
a  capacity  of  over  50  per  cent  of  the  total  load  hauled.  The 
horse-drawn  vehicles  average  12  miles  per  day;  the  electric 
vehicle  20  miles  per  day;  and  the  gasoline  vehicle  30  miles 
per  day. 

The  speaker  stressed  his  belief  that  in  connection  with 
all  important  features  of  motor-truck  equipment  and  opera- 
tion, careful  analysis  should  be  made  by  competent  engi- 
neers. He  said  that  his  company  does  not  encounter  the 
breaking  of  frames  now  in  its  regular  service,  but  that  this 
fact  is  attributable  to  proper  supervision,  inspection  and 
stitch-in-time  methods,  keeping  rivets  tight,  wearing  parts 
properly  lubricated  and  natural  wear  corrected.  The  same 
sort  of  thing  applies  to  many  other  truck  units. 

Mr.  La  Schum  said  that,  while  there  should  be  an  improve- 
ment by  way  of  the  development  and  the  standardization  of 
such  equipment  as  odometers  and  radiator  guards,  and  of 
greater  accessibility  of  gasoline  filling  openings,  the  records 
of  reliability  of  modern  motor  vehicles  are  excellent.  With 
regard  to  maintenance  costs,  the  following  percentage  figures 
were  presented,  not  including  drivers'  wages,  depreciation, 
interest  and  insurance: 


During  that  year  there  were  only  6200  emergency  calls  for 
help  for  these  trucks.  The  causes  of  these  calls  are  shown 
in  the  following  percentage  figures: 


Gasoline 

30.00 

Cylinder  Oil 

2.25 

Tire  Costs 

2.50 

Painting 

1.30 

Body  Repairs 

4.75 

Chassis  Repairs 

35.20 

Garage  Expenses 

24.00 

100.00 

The  speaker  advocated  the  use  of  non-adjustable  carbu- 
reters when  feasible  and  teaching  the  drivers  that  a  rich 
mixture,  which  may  make  possible  the  negotiation  of  a  given 
grade  without  shifting  gears,  results  in  a  35-per  cent  excess 
of  fuel  consumption,  and  increases  carbonization. 

In  speaking  of  the  operation  of  over  800  gasoline  trucks  in 
Atlanta,  Buffalo,  Chicago,  Cleveland,  Detroit,  New  York  City, 
San  Francisco  and  the  City  of  Washington,  Mr.  La  Schum 
stated  that  in  1922  these  trucks  worked  306,348  days  of  8  hr., 
their  total  mileage  being  estimated  to  be   9,190,000  miles. 


Engine  Bearings 

0.8 

Spark-Plugs 

5.9 

Ignition  System 

9.1 

Carbureter 

8.6 

Gasoline  Lines  Clogged  or  Leaked 

7.6 

Broken  Fans  or  Fan-Belts 

9.3 

Radiators 

1.1 

Water-Pump  or  Line 

1.6 

Radiators  or  Pumps  Frozen 

0.2 

Governors 

0.5 

Steering  Gears 

3.3 

Clutch 

3.0 

Propeller  Shaft 

1.5 

Universal  Joints 

1.1 

Transmissions 

3.0 

Differentials 

0.5 

Rear  Axles 

0.9 

Radius  Rods 

0.9 

Drive  Chains 

3.8 

Wheels 

1.5 

Springs 

1.8 

Brakes 

2.2 

Tires 

3.3 

Lights 

1.0 

Accidents 

1.6 

Out  of  Gasoline  or  Oil 

3.1 

Miscellaneous 

23.8 

Total 


100.0 


In  other  words,  there  were  only  50  cases  of  bearing  trouble, 
and  rarely  a  case  of  a  full  set  of  connecting-rod  bearings 
burning-out. 

The  spark-plug  trouble  was  due  almost  without  exception 
to  drivers  using  a  choker  and  fouling  the  plugs  by  too  rich  a 
mixture.  The  spark-plug  replacement  has  been  less  than  one- 
half  of  one  spark-plug  per  truck  per  month.  In  the  above 
table  "ignition  system"  does  not  include  spark-plugs. 

During  last  year,  226,716  working  days  were  obtained  in 
the  same  cities  as  those  named  above  from  722  electric  trucks. 
There  were  less  than  two  emergency  calls  per  truck,  the  total 
mileage  being  4,870,752.  Approximately  91  electric  motors 
burned-out,  due  in  many  cases  to  overloading.  There  were 
366  cases  of  exhausted  batteries;  that  is,  a  battery  was 
exhausted  once  per  truck  per  two  years.  Controllers  caused 
12.1  per  cent  of  the  troubles;  steering-gears,  6.2  per  cent; 
axles,  1.5  per  cent;  brakes,  5.0  per  cent;  springs,  1.3  per  cent; 
drive  chains,  11.6  per  cent.  Mr.  La  Schum  said  that  chain 
troubles  have  been  eliminated  in  modern  electric-truck 
operation. 
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Mr.  Winchester  argued  that  a  standardized  form  of  cost 
analysis  is  needed  to  enable  different  operators  to  compare 
their  results,  certain  standardized  forms  of  bookkeeping  that 
have  been  used  being  too  complicated.  He  asked  whether 
the  direct  comparison  of  mechanical  operation  costs  should 
be  based  on  the  average  cost  from  data  of  installation  by 
individual  truck;  by  fleet  operation,  that  is,  by  make  and 
model;  or  by  a  division  of  the  cost  by  year  of  installation.  He 
expressed  the  opinion  that  simplicity  should  be  the  keynote. 

The  speaker  did  not  concur  with  Mr.  La  Schum's  conclusion 
that  first  consideration  should  be  given  to  the  organization  of 
maintenance  and  not  that  of  operation.  Mr.  Winchester  said 
that  the  operation  organization  is  burdened  with  the  reduc- 
tion of  items  of  expense  developing  fixed  charges,  these  ap- 
parently constituting  65  per  cent  of  the  total  operating 
charge.  The  maintenance  organization  controls  the  items  of 
variable  cost;  these  being  largely  mechanical  expenses,  and 
in  Mr.  Winchester's  opinion  amounting  to  about  35  per  cent 
of  the  total.  Whatever  unit  cost  is  taken  as  a  base,  care- 
ful routing  and  planning  are  the  greatest  factors  in  reduc- 
ing expense.  The  efficiency  of  trucks  from  the  standpoint 
of  variable  charges,  such  as  those  for  gasoline,  lubricating 
oil  and  grease,  depends  largely  upon  vehicle  design  and 
generally  speaking  no  great  economies  can  be  effected  in 
this  connection  in  individual  models.  The  organization  of 
maintenance  should  render  the  organization  of  operation 
efficient  engineering  and  general  service  so  that  the  unit  cost 
may  be  duly  minimized. 

Mr.  Winchester  was  of  the  opinion  that  the  selection  of  an 
engineer  to  manage  a  fleet  of  vehicles  should  not  involve 
duplication  of  experimental  engineering  work  done  at  the 
various  vehicle  factories  or  elsewhere,  but  that  all  available 
engineering    data    should    be    availed    of   in    fleet   operation. 

He  urged  that  a  mechanical-installation  sheet  be  prepared 
along  standardized  lines  to  furnish  the  truck  operator  with 
complete  mechanical  specifications  of  the  type  of  installation 
in  which  he  is  interested.  Such  a  sheet  should  provide  for 
the  recording  by  the  manufacturers  of  structural  changes  in 
trucks  to  assist  the  operator  in  ordering  material  for  a  given 
truck.  Items  mentioned  by  Mr.  Winchester  were  cylinder 
oversizes  and  gear-ratio  changes.  In  his  opinion  the  cata- 
logs supplied  in  the  past  do  not  meet  the  present  condition. 
If  fleets  are  to  be  operated  efficiently  it  will  be  necessary  to 
have  these  details,  the  general  information  contained  in  the 
parts  lists  being  inadequate.  Mr.  Winchester  suggested  also 
that  the  truck  industry  do  more  in  the  way  of  supplying  fleet 
operators  with  complete  engineering  data  on  fits  for  the 
assembling  of  such  parts  as  pistons  and  bearings.  This 
would  be  particularly  helpful  in  overhaul  work.  This,  in 
conjunction  with  the  need  of  a  fleet  basis  of  repair  rates,  is 
in  Mr.  Winchester's  opinion  a  crying  need,  particularly  in 
connection  with  the  work  of  small  fleet  operators. 

With  regard  to  tire  equipment,  Mr.  Winchester  said: 

My  experience  definitely  proves  that  the  type  of  tire 
employed  has  a  definite  relation  to  the  efficient  opera- 
tion of  the  truck  itself.  We  as  an  industry  have  heard 
certain  claims  made  by  the  tire  manufacturers  for  dif- 
ferent types  of  solid,  pneumatic  and  cushion  tires,  and 
also  by  wheel  manufacturers  on  the  subject  of  reducing 
operating  cost.  I  believe  that  this  is  the  most  vital 
problem  in  considering  tire  installation.  I  feel  sorry 
for  the  operator  who  paid  considerable  attention  to  the 
various  claims  made  for  pneumatic  tires  in  the  last  few 
years  for  trucks  of  3%-ton  capacity  and  over.  I  also 
believe  that  certain  types  of  tire  for  the  lighter  equip- 
ment can  be  employed  to  advantage.  Why  should  we 
consider  tire  cost  only  in  view  of  the  differences  in 
repair  and  mechanical-upkeep  cost  on  various  types  of 
tire  that  indicate  a  large  saving  can  be  made?  To 
illustrate  this  point  I  give  the  following: 


Based  on  this  difference  in  cost,  presuming  that  100 
trucks  ran  25  days  per  month,  12  months  per  year  and 
35  miles  per  day,  we  have  a  total  mileage  of  1,000,050 
miles  per  year.  The  difference  in  the  mechanical-repair 
cost  in  this  case  represents  a  saving  of  $33,600  per  year, 
while  the  difference  in  the  total  mechanical  cost  repre- 
sents a  saving  of  $46,200  per  year.  These  figures  indi- 
cate why  we  should  keep  tire  records. 

Mr.  Winchester  made  a  plea  also  for  the  formulation  of  a 
standard  form  of  distribution  of  chassis  overhaul  cost.  He 
said  that  his  experience  indicated  that  a  5-ton  engine  after 
running  from  18,000  to  24,000  miles  should  be  overhauled  in 
a  labor-hour  classification  of  not  over  90  hr.;  while  the  total 
repair  cost  including  all  charges  should  not  exceed  $900 
average.  In  commenting  upon  the  analysis  of  troubles  given 
in  Mr.  La  Schum's  paper,  Mr.  Winchester  said  that  results 
vary  with  the  types  of  vehicle  used.  Road  conditions  and 
the  average  age  of  the  fleet  make  a  big  difference  in  per- 
centages. He  said  that  he  seldom  hears  of  troubles  relating 
to  spark-plugs,  carbureters,  gasoline  lines  clogged  or  leaking, 
srovernors,  propeller-shafts,  universal-joints,  radius-rods, 
drive-chains,  wheels,  brakes,  oil  shortage  or  tires;  this  con- 
dition being  due  largely  to  systematic  inspection.  The  adop- 
tion of  a  strainer-funnel  of  proper  design  eliminates  for 
the  most  part  clogging  of  gasoline  lines.  The  spark-plug 
consumption  of  the  motor-truck  fleet  that  Mr.  Winchester 
supervises  has  been  approximately  one  spark-plug  per  cylin- 
der per  year.  The  design  of  the  oiling  system  plays  an 
important  part  in  this  connection. 

Mr.  Winchester  expressed  the  opinion  that  a  fleet  which 
operates  over  an  extended  area  and  does  not  come  into  a 
central  garage  each  night,  but  is  left  to  the  care  of  the 
individual  operator  except  for  a  bi-weekly  inspection,  can  be 
operated  very  efficiently  with  a  reserve  equipment  of  1  truck 
in  16;  with  efficient  central  control  and  a  systematic  method 
of  upkeep  this  quantity  of  reserve  equipment  can  be  very 
materially  reduced. 

Mr.  La  Schum  said  that  a  2-ton  electric  truck  in  proper 
condition  with  varying  loads,  will  make  regularly  30  to  35 
miles  per  day  on  a  single  charge. 


THE  SERVICE-MAN  AND  THE  CAR-OWNER 


Type 

1 

2 

Time  in  Operation,  months 

27 

25 

Total  Tire-Cost  per  Mile 

$0.0273 

$0.0167 

Total  Repair-Cost  per  Mile 

0.1043 

0.0729 

Total  Mechanical  Cost  per  Mile 

0.1759 

0.1317 

Relations  Between  Them  the  Chief  Topic  at  Minneapolis 
Section  Meeting 

The  relation  of  the  service-man  to  the  car-owner  who 
makes  use  of  his  service,  was  the  principal  topic  at  the  meet- 
ing of  the  Minneapolis  Section,  held  on  April  4,  at  the  Manu- 
facturers' Club. 

C.  M.  Stroud  of  the  Oakland  Service  Co.  ranks  an  even 
disposition  as  one  important  qualification  of  a  good  service- 
man. So  many  car-owners  feel  it  their  duty  to  abuse  the 
service-man,  not  realizing  that  the  service  organization  could 
not  exist  if  it  did  not  adequately  serve  the  car-owner. 
Service-men  are  human,  and  the  man  who  gets  real  service 
is  not  the  man  who  insists  that  his  work  be  rushed  through 
before  everything  else,  but  the  man  who  drives  in  and  in  a 
pleasant  way  says,  "Well,  boys,  the  old  car  is  not  running 
as  it  should  today.  Try  her  out,  fix  up  the  trouble,  and  call 
me  when  the  car  is  ready." 

Unfortunately,  the  repair  business  has  a  reputation  for 
building  up  repair  bills  and  giving  little  in  return.  This 
charge  is  founded  on  a  misunderstanding  of  the  situation. 
Few  car-owners  know  enough  about  a  car  to  figure  the  cost 
of  labor  and  parts  needed  for  repairs.  As  a  rule,  a  car  gets' 
very  little  attention  unless  it  breaks  down.  Nearly  every 
company  that  sells  cars  invites  the  owner  to  bring  in  his 
car  for  examination  at  least  once  a  month,  but  very  few  take 
advantage  of  this  offer.  Regular  inspection  and  making 
repairs  as  needed  would  save  many  dollars  in  repair  bills 
and  cars  so  maintained  would  give  better  service. 

In  discussing  what  should  be  expected  of  a  service-station, 
Mr.  Stroud  emphasized  the  sales  value  of  satisfaction.  Satis- 
fied owners  are  the  best  salesmen  and  good  service  is  the 
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one  thing  that  makes  a  car-owner  brag  about  his  car.  Give 
a  man  all  he  can  reasonably  expect  when  he  brings  his  car 
in  for  repairs  and  he  will  keep  coming  whenever  he  is  in 
need  of  repairs.  If  the  selling  company  would  only  make  an 
effort  to  have  the  service  department  the  talk  of  the  town, 
they  could  hold  their  car-owners  and  the  small  garage  men 
would  not  have  much  to  do.  The  modern  service-station  is 
equipped  with  up-to-date  tools  for  quick  repairs  and  me- 
chanics who  know  the  car.  The  old  type  of  "Greasy  Bill" 
mechanic  is  being  replaced  by  the  mechanic  who  takes  pride 
in  his  work. 

Mr.  Stroud  pictured  the  ideal  service-station  as  big  enough 
to  accommodate  a  large  number  of  cars  on  the  ground  floor 
without  crowding,  so  that  cars  could  be  driven  in  and  out 
without  damage.  There  will  be  no  guessing  school  connected 
with  the  establishment.  Inspectors  will  examine  a  car,  tell 
the  owner  what  is  needed,  how  much  it  will  cost,  and  when 
the  car  will  be  ready.  While  specialists  in  ignition,  carbu- 
retion,  etc.,  make  the  necessary  repairs,  the  owners  will  be 
able  to  wait  comfortably  in  attractive  waiting  rooms  pro- 
vided especially  for  their  convenience.  Mr.  Stroud's  paper 
was  followed  by  a  discussion  from  several  angles  of  the 
details  of  service-station  management,  including  the  use  of 
the  so-called  flat-rate  charge  for  making  repairs  of  all  kinds 
to  different  classes  of  automotive  vehicle. 

The  second  paper,  Advantages  to  the  Twin  Cities  of  the 
Ford  Factory  Project,  was  given  by  R.  E.  Hilton,  secretary 
of  the  St.  Paul  Association,  in  place  of  Col.  L.  H.  Britton  of 
the  same  organization,  who  was  originally  scheduled  to  ad- 
dress the  meeting. 

Mr.  Hilton  attributed  the  development  of  Minneapolis  and 
St.  Paul  to  superior  waterpower  and  the  favorable  freight 
rates  the  Twin  Cities  could  exact  because  of  advantages  in 
river  transportation.  The  need  for  the  decentralization  of 
huge  industrial  enterprises,  the  waterpower  and  the  possi- 
bilities of  profitable  river  traffic  have  attracted  Mr.  Ford  to 
the  Twin  Cities,  and  the  building  up  of  that  river  traffic  is 
one  of  the  most  important  advantages  expected  from  the 
location  of  the  new  Ford  factory  there.  The  resumption  of 
river  traffic  would  encourage  the  export  of  grain  via  New 
Orleans,  instead  of  the  more  expensive  Lake  route.  The 
Ford  plant  would  also  mean  building  up  Minneapolis  and  St. 
Paul  through  the  men  brought  in  and  the  publicity  given  the 
new  Ford  project. 

The  May  meeting  of  the  Minneapolis  Section  will  be  held 
at  the  Manufacturers'  Club  on  May  2,  beginning  at  8  p.  m., 
after  the  usual  informal  supper.  The  North  East  Electric 
Co.'s  film,  Electricity  in  the  Motor  Vehicle,  will  be  shown, 
and  J.  L.  Larson  of  the  college  of  agriculture,  University  of 
Minnesota,  will  speak  on  Some  Experiences  in  First  Breaking 
Peat  Land.  Mr.  Larson's  talk  will  be  based  on  exhaustive 
tests  that  have  led  to  conclusions  of  fundamental  importance 
to  tractor  designers. 


E.  J.  Lees  Glenn  Muffly 

The  Two  Authors  of  the  Paper  Presented  at  the  April  Meeting 

of  the  Detroit  Section 

GROUND  GEAR  ADVANTAGES  EXPLAINED 


Improved  Efficiency  and  More  Quiet  Running  Warrant 
Slight  Additional  Expense 

Objectionable  sound-waves  are  produced  by  errors  in  gear 
teeth  greater  than  0.0003  in.  and,  to  avoid  the  occurrence 
of  errors  beyond  this  limit,  it  is  necessary  to  generate  tooth 
curves  after  hardening  instead  of  before.  This  was  the 
opinion  expressed  by  Glenn  Muffly,  of  the  Lees-Bradner  Co., 
who  addressed  the  Detroit  Section  of  the  Society  on  the 
evening  of  April  6.  As  evidence  that  the  gear-noise  subject 
is  a  live  one,  over  250  members  and  guests  attended  this 
meeting  to  hear  the  description  of  one  process  of  gear  grind- 
ing and  a  discussion  of  tooth  forms. 

In  the  process  described  by  Mr.  Muffly,  the  gear- tooth  pro- 
file is  generated  by  rotating  the  gear  past  a  large  grinding ' 
wheel  whose  flat  surface  represents  the  face  of  a  flat-sided 
rack  tooth  meshing  with  the  gear  that  is  being  ground. 
The  gear  is  indexed  automatically  and  moved  one  space  after 
each  of  the  tooth  surfaces  has  been  rolled  over  the  wheel 
twice.  The  indexing  mechanism  has  been  studied  carefully 
to  control  the  spacing  of  the  teeth  to  a  high  degree  of  ac- 
curacy. The  grinding  wheel  is  30  in.  in  diameter,  its  large 
size  making  it  unnecessary  to  dress  the  wheel  until  one  or 
more  gears  have  been  finished.  The  dressing  operation  is 
simple  since  the  grinding  or  working  face  of  the  wheel  is 
a  perfectly  flat  surface.  It  is  possible  to  generate  modified 
involute  tooth  forms  on  this  machine  so  that  the  tooth  profile 
will  be  a  correct  involute  when  the  gear  is  working  under 
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load,  the  modification  being  made  to  compensate  for  the 
deflection  of  the  loaded  tooth.  These  modifications  are  very 
minute  as  compared  to  those  that  have  been  made  in  the 
past,  and  Mr.  Muffly  said  that  the  tooth  form  his  company 
recommended  is  so  near  the  true  involute  that  it  would 
pass  as  a  perfect  involute  tooth  when  tested  by  the  usual 
methods. 

A  demonstrating  device  that  represented  two  rolling  wheels 
acting  as  involute  base  circles  with  steel  tapes  running  be- 
tween them  to  represent  tangents  to  these  base  circles  was 
shown  at  the  meeting.  It  was  possible  to  generate  tooth 
curves  with  this  model  and  compare  their  relative  forms 
when  generated  with  the  base  circles  placed  at  several  dif- 
ferent center-to-center  distances.  In  other  words,  the  base- 
circle  diameters  were  kept  constant,  but  the  circles  them- 
selves wTere  fixed  at  varying  centers  to  generate  a  series  of 
involute  curves.  In  this  way,  Mr.  Muffly  demonstrated  that 
an  involute  gear  has  no  inherent  pitch  diameter  of  its  own 
and  only  acquires  one  when  it  is  meshed  with  another  gear, 
a  hob.  a  cutter  or  a  grinding  wheel.  There  is  nothing  stable 
about  the  pitch  diameter  in  the  involute  system,  and  two 
gears  running  on  a  center  distance  0.010  in.  greater  than 
standard,  theoretically  are  running  just  as  accurately  as  if 
they  were  meshed  on  the  intended  center  distance,  except, 
of  course,  that  teeth  run  in  this  way  should  be  made  thicker 
to  reduce  the  backlash  to  a  reasonable  amount.  The  change 
in  center  distance  simply  causes  a  change  in  the  pressure- 
angle  and  moves  the  rolling  surfaces  farther  down  the  same 
basic  involute  curve. 

New  Possibilities  With  Ground  Gears 

Gear  grinding  not  only  aids  the  solution  of  the  noise 
problem,  but  it  opens  the  way  for  design  changes  that  were 
impractical  because  hardened  steel  gears  could  not  be  made 
to  run  quietly.  More  development  in  the  application  of  four- 
speed  transmissions  will  take  place  and  engines  can  then  be 
run  at  their  most  economical  speeds  a  greater  part  of  the 
time.  The  public  has  demanded  flexible  performance  on  high 
gear  because  of  the  objection  to  the  noise  of  the  transmission 
when  it  is  operated  in.  second  gear.  Grinding  of  gear  teeth 
opens  up  the  possibilities  of  a  really  high  fourth  speed  and 
we  may  even  see  transmssions  in  which  there  is  no  direct 
drive,  thus  making  all  speeds  uniformly  efficient.  Placing 
the  propeller-shaft  on  another  and  lower  center  will  permit 
the  lowering  of  the  body  floor  and  the  reduction  of  the 
universal-joint  angle.  Ground  gears  are  also  more  efficient 
because  they  are  mechanically  correct  and  this  high  efficiency 
will  result  in  increased  fuel  economy.  Transmission  shafts 
will  have  to  be  designed  so  that  all  of  the  gear  teeth  can  be 
reached  with  a  grinding  wheel;  cluster  gears  made  in  one 
piece  with  the  shaft  will  have  to  go.  It  is  possible  that  there 
will  be  a  return  to  spur  gears  for  timing  purposes  because 
of  the  more  quiet  operation  due  to  the  ground  teeth.  The 
change  from  helical  to  spur  gears  can  be  made  very  easily 
since  the  grinding  process  handles  an  odd  diametral  pitch  as 
well  as  any  standard  pitch. 

The  discussion  at  the  meeting  took  the  form  of  submitted 
questions  and  answers,  the  scheme  so  successfully  used  at 
recent  meetings  of  the  Detroit  Section.  E.  J.  Lees,  who  col- 
laborated with  Mr.  Muffly  in  the  preparation  of  the  paper, 
gave  the  following  data  relating  to  time  required  for  grind- 
ing: 

Number  of  Teeth  Time  per  Tooth,  Sec. 

15  14.4 

17  13.2 

18  10.8 
21  9.6 
25  9-6 
29  8.4 

These  teeth  are  6  to  8  pitch,  the  wheel  is  rotating  at  a 
peripheral  speed  of  5000  ft.  per  min.  and  passes  twice  over 
one  side  of  the  gear  tooth.  About  0.003  in.  is  removed  by 
each  cut.  The  grinding  is  done  wet  so  that  the  surface  hard- 
ness of  the  tooth  is  not  affected.  One  manufacturer  has 
determined  the  cost  of  grinding  as  $1.75  per  transmission; 
another  said  it  cost  a  few  cents  more  than  the  cost  of  the 


finishing  cut  that  was  replaced  by  grinding.  In  any  case, 
a  considerable  saving  is  made  by  eliminating  tear-downs  of 
completed  transmissions  that  are  too  noisy  to  pass  the  final 
inspection.  Mr.  Muffly  believed  that  gear  life  was  lengthened 
by  grinding,  because  the  elimination  of  spacing  and  profile 
errors  insured  smooth  running,  uniform  velocity  and  the 
elimination  of  the  alternating  loads  that  would  be  present 
without  these  conditions. 

The  statement  was  made  that  bevel  gears  could  not  be 
ground  on  the  machine  described,  or  on  any  other  now  on 
the  market,  but  that  this  would  probably  be  accomplished 
eventually.  Backlash  can  be  reduced  materially  with  ground 
gears  provided  the  other  machine  work  is  accurate  and  the 
center-to-center  distance  of  the  gear-shafts  accurately  main- 
tained. No  comparative  efficiency  tests  had  been  made  be- 
tween individual  gears  or  transmissions  with  and  without 
grinding  the  teeth.  It  was  the  speaker's  opinion  that  a 
small  pressure-angle  is  desirable  from  the  standpoint  of  quiet- 
ness because  it  makes  it  easier  to  hold  down  the  backlash. 
On  the  other  hand,  in  transmission  practice  the  gears  have 
relatively  small  numbers  of  teeth  and  the  tooth  load  is  large, 
so  it  is  advisable  to  use  a  larger  pressure-angle  to  avoid 
interference  and  distortion.  The  large  pressure-angle  avoids 
under-cutting  the  teeth  on  the  pinions  and  provides  a  stronger 
tooth  form.  About  20  deg.  is  a  good  pressure-angle  for  trans- 
mission gears  and  about  14%  deg.  is  suitable  for  timing 
gears.  Odd  pressure-angles  are  frequently  used  when  it  is 
found  that  the  standard  angle  would  result  in  tooth  inter- 
ference. 

Officers  of  the  Detroit  Section  were  elected  at  the  April 
meeting  for  the  coming  Section  year.  Thomas  J.  Litle,  Jr., 
was  accorded  the  honor  of  election  to  the  chairmanship.  Mr. 
Litle  has  been  active  in  the  affairs  of  the  Detroit  Section 
for  the  past  year,  serving  as  its  secretary.  He  was  partly 
responsible  for  the  success  of  the  Production  Meeting  held 
in  Detroit  last  fall  and  is  an  active  member  of  the  Research 
and  the  Meetings  committees  of  the  Society.  Don  T.  Hastings 
was  elected  to  the  office  of  vice-chairman,  Milton  Tibbets 
becomes  the  Section's  treasurer,  and  K.  L.  Herrmann,  who 
has  been  instrumental  in  bringing  production  subjects  before 
the  local  and  national  meetings,  will  assume  the  duties  of 
secretary. 

BUFFALO  LEARNS  BY  SEEING 

The  development  of  electricity  in  general  and  particularly 
as  applied  to  the  automobile  was  shown  at  the  Buffalo  Sec- 
tion's meeting  on  April  13  in  the  North  East  Electric  Co.'s 
new  film.  After  a  reel  that  outlined  the  development  of  elec- 
tricity to  its  present  important  place,  six  reels  were  devoted 
to  a  graphic  study  of  ignition,  the  starter  and  the  generator. 
G.  R.  Fessenden  of  the  North  East  Electric  Co.  explained  the 
processes  demonstrated  by  animated  diagrams  and  the  labors 
of  the  North  East  Electrified  Dwarfs,  clearing  up  some  of 
the  more  obscure  points  in  ignition  and  the  operation  of  the 
separate  and  single  unit  starter-generator. 

There  will  be  no  meeting  of  the  Buffalo  Section  in  May. 


FOUR-WHEEL  BRAKES  DETROIT  TOPIC 

The  next  meeting  of  the  Detroit  Section  will  be  devoted 
to  a  paper  and  discussion  of  hydraulic  four-wheel  brakes. 
The  meeting  will  be  held  on  the  evening  of  May  17  in  the 
General  Motors  Building.  The  paper  will  be  read  by  M. 
Lougheed,  engineer  of  the  Four-Wheel  Hydraulic  Brake  Co. 
The  meeting  will  start  at  8  o'clock  and  will  be  preceded  by 
an  informal  dinner  at  6:30. 


TRANSPORT  CORPS  TESTS  VALVES 


Concludes  Silicon-Chromium  Alloy  Gives  Best  General 

Service  Result 

The  results  of  an  extensive  test  of  exhaust-valve  materials 
made  by  the  Motor  Transport  Corps  were  presented  to  the 
members  of  the  Washington  Section  by  Arthur  W.  S.  Her- 
rington  at  the  meeting  held  on  April  6.     A  large  number  of 
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valves  of  different  construction  and  materials  were  subjected 
to  warpage,  burning  and  scaling  tests  to  select  the  valve 
design  and  metal  best  suited  to  the  service  of  the  Corps. 
The  tests  for  warpage  were  made  by  running  a  set  of  each 
kind  of  valve  in  a  Class  B  truck  engine,  the  compression  of 
which  had  been  raised  to  5.33  to  1  to  increase  the  severity 
of  the  test  and  shorten  the  time  required.  Each  valve  was 
checked  for  eccentricity  of  the  stem  and  the  seat,  properly 
ground  in  place,  the  engine  run  for  8  hr.  at  1000  r.p.m.,  and 
the  valves  again  checked  for  eccentricity. 

Resistance  to  burning  was  judged  by  running  valves  in 
the  engine  after  relieving  their  seating  faces  to  a  depth  of 
about  0.02  in.  on  a  sector  1%  in.  long.  This  allowed  leakage 
of  the  exhaust  gases  past  this  sector  and  resulted  in  exag- 
gerated burning  and  scaling  of  the  valve  face.  The  change 
in  the  depth  of  this  groove  after  the  test  run  gave  an  indi- 
cation of  the  relative  resistance  of  the  valves  to  burning 
and  pitting. 

To  check  the  resistance  of  the  several  materials  to  exces- 
sive heating,  samples  were  placed  in  a  gas  furnace  and  main- 
tained at  a  temperature  of  1550  deg.  fahr.  for  a  period  of 
5%  hr.  After  that  severe  treatment,  they  were  removed  and 
all  of  the  loose  scale  was  brushed  off  of  them.  The  weight 
was  then  taken  and  compared  with  that  recorded  at  the 
start  of  the  test,  the  difference  indicating  the  relative  ability 
of  the  different  materials  to  withstand  oxidation  at  high 
temperatures.  It  was  noted  that  the  steels  with  the  higher 
content  of  sulphur  were  the  ones  that  were  found  to  be  most 
badly  scaled. 

It  was  concluded  as  a  result  of  these  tests  that  the  most 
desirable  material  specification  for  valve-steel  at  present, 
judged  by  the  method  used  and  for  the  service  encountered 
in  Motor  Transport  Corps  vehicles,  was  as  given  at  the  top 
of  the  next  column.  This  alloy  is  known  commercially  as 
silichrome. 

Officers  of  the  Washington  Section  for  the  coming  year 
were  elected  at  this  meeting.    C.  H.  Warrington  will  take  the 


Carbon,  per  cent 
Manganese,  per  cent 
Phosphorus,  per  cent 
Sulphur,  per  cent 
Silicon,  per  cent 
Chromium,  per  cent 
Nickel,  per  cent 


0.450 

0.560 

0.029 

0.010  max. 

4.020 

9.300 

0.050 


helm  as  chairman  and  this  insures  an  active  year,  judging  by 
the  interest  that  Mr.  Warrington  has  taken  in  the  Section's 
activities  in  the  past.  Other  officers  elected  were:  A.  W.  S. 
Herrington,  vice-chairman;  and  C.  H.  Young,  secretary  and 
treasurer. 

The  next  meeting  of  the  Washington  Section  will  be  held 
on  the  evening  of  May  4  at  the  Cosmos  Club.  Major  F.  S. 
Besson  will  address  the  members  on  the  subject  of  Highways 
and  Traffic. 


W.  F.  GERHARDT  ON  MILITARY  AIRPLANES 

May  1  is  the  date  of  the  next  Dayton  Section  meeting  at 
the  Engineers'  Club.  At  8  o'clock,  after  an  informal  supper 
at  6:30  p.  m.,  members  of  the  Dayton  Section  and  their  guests 
will  hear  W.  F.  Gerhardt  on  Fundamental  Principles  of  De- 
sign of  Military  Airplanes.  Mr.  Gerhardt's  experience  as  an 
aeronautical  engineer  with  the  flight  test  section  of  the  Air 
Service,  at  McCook  Field,  has  amply  qualified  him  to  speak 
of  the  principles  on  which  military  airplanes  must  be  built 
for  successful  flight. 

F.  S.  DUESENBERG  AT  INDIANA  MEETING 

Engineering  Information  from  the  Race  Track  is  the  topic 
on  which  F.  S.  Duesenberg,  chief  engineer  of  the  Duesenberg 
Automobile  &  Motors  Co.,  Inc.,  will  speak  at  the  May  3  meet- 
ing of  the  Indiana  Section.  The  meeting  will  be  held  at  the 
Lincoln  Hotel,  Indianapolis,  and  will  begin  at  8  p.  m.,  after 
an  informal  dinner  at  6:30. 


APRIL  COUNCIL  MEETING 


THE  meeting  of  the  Council  held  in  Cleveland  on  April  25 
was  attended  by  President  Alden,  First  Vice-President 
Crane,  Vice-President  Masury,  Councilors  L.  R.  Smith  and 
A.  J.  Scaife,  Past-President  Bachman  and  Mr.  O.  A.  Parker. 

The  financial  statement  as  of  March  31,  1923,  showed  a  net 
balance  of  assets  over  liabilities  of  $121,198.38,  this  being 
$2,912.51  less  than  the  corresponding  figure  on  the  same  day 
of  1922.  The  income  of  the  Society  for  the  first  6  months  of 
the  current  fiscal  year  amounted  to  $137,478.97.  The  op- 
erating expense  during  the  same  period  was  $138,266.69. 

One  .hundred  and  thirty-six  applications  for  individual 
membership,  two  for  affiliate  membership  and  one  for  stu- 
dent enrollment  were  approved.  The  following  transfers  in 
grade  of  membership  were  made:  From  Junior  to  Associate, 
Stuart  Cowan ;  Associate  to  Member,  F.  R.  L.  Daley,  Fred- 
erick H.  Ford,  Norman  W.  Lyon,  A.  L.  Swank,  George  C. 
Lees,  James  L.  Myers,  Paul  M.  Stone,  Paul  B.  Taylor,  George 
Hutton,  J.  H.  Holloway,  A.  R.  Keagy,  H.  C.  Olivier,  E.  S. 
Anderson,  C.  E.  Patterson  and  M.  J.  Marty;  Junior  to  Mem- 
ber, J.  McElroy,  S.  R.  Swenson,  G.  W.  Klinger,  H.  A.  Hansen 
and  Earl  H.  Smith;  Associate  to  Service  Member,  George  W. 
Graham;  Foreign  Member  to  Service  Member,  D.  D.  Pullen; 
Member  to  Foreign  Member,  Joseph  Kirschmann.  Eleven 
transfers  were  considered  but  will  not  be  completed  pending 
observance  of  additional  formalities. 

It  was  reported  that  up  to  April  25,  1923,  323  applications 
for  membership  had  been  received  during  1923,  as  compared 
with  268  received  during  the  first  4  months  of  1922,  and  324 
during  the  corresponding  period  of  the  previous  year. 


The  following  appointments  to  the  Standards  Committee 
were  made: 

Aeronautic  Division — Paul  C.  Zimmerman 

Ball  and  Roller  Bearings  Division — H.  Wickland 

Iron  and  Steel  Division — R.  J.  Allen 

Lubricants  Division — A.  B.  Dawson 

Motorboat    Division — James   W.    Hussey   and    H.    F. 

Sailor 
Nomenclature  Division — H.  M.  Crane 
Truck  Division — C.  B.  Veal 

The  following  appointments  were  confirmed: 

Aeronautic    Division — Otto    H.    Hamm    and    E.    W. 

Rounds 
Isolated  Electric  Lighting  Plant  Division — L.  W. 

Holt 
Motorboat  Division — W.  A.  Roos,  Jr. 
The  following  were  designated  to  serve  as  members  of  the 
Tire  and  Rim  Division  of  the  Society: 

J.  G.  Vincent,  Chairman 
B.  B.  Bachman  H.  M.  Crane 

A.  J.  Scaife 
The    subject    of    the    simplification    and    reduction    of    the 
number  of  tire  and  rim  fits  was  assigned  to  the  Division. 

Walter  C.  Ware  was  appointed  to  serve  this  year  as  Second 
Vice-President  representing  Marine  Engineering,  in  place  of 
E.  J.  Hall  who  resigned. 

The  next  meeting  of  the  Council  was  tentatively  scheduled 
to  be  held  at  Spring  Lake,  N.  J.,  on  June  18. 
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Cracking  Processes  in  the  Petroleum 

Industry 


By  Frank  A.  Howard2 


\  S  used  in  the  petroleum  industry,  the  term  "cracking" 
-f*-  signifies  generally  the  conversion  by  decomposition  of  a 
heavy  or  viscous  oil  of  high  boiling-point  into  a  lighter,  free- 
flowing  oil  of  lower  boiling-point.  Specifically,  the  term  is 
applied  almost  universally  to  that  particular  species  of  de- 
composition by  which  gas  oil  or  fuel  oil  is  converted  to  yield 
a  substantial  percentage  of  gasoline. 

The  art  of  cracking  goes  back  approximately  100  years, 
not  of  course  in  the  modern  petroleum  industry,  which  has 
not  had  that  length  of  life,  but  in  the  allied  gas  and  coal-dis- 
tillation industries.  Animal  and  vegetable  oils,  waxes,  fats 
and  resins  appear  to  have  been  subjected  to  an  operation 
that  we  should  today  call  "cracking,"  in  the  very  earliest 
days  of  the  gas  industry,  for  the  purpose  primarily  of  con- 
verting them  into  illuminating  and  fuel  gas.  Almost  as 
early,  various  natural  bituminous  substances,  such  as  coal, 
shale,  lignites  and  more  rare  mineral  deposits  that  came 
very  near  to  being  solidified  petroleum  oil,  were  subjected 
to  destructive  distillation,  both  for  gas  production  and  for 
the  production  of  light-oil  distillates.  The  earliest  general 
use  of  this  method  of  destructive  distillation  for  the  purpose 
of  causing  the  decomposition  of  complex  bitumens  into  lighter 
oils  appears  to  have  taken  place  in  connection  with  the  shale 
and  coal  oil  industry  in  England,  where  cracking  processes 
of  this  description  were  very  early  utilized  to  increase  the 
yield  of  refined  oil  or  kerosene. 

Highly  Developed  by;  Americans 

Cracking  for  this  purpose  became  a  standard  operation  in 
the  petroleum  industry  soon  after  it  got  on  its  feet  commer- 
cially in  America,  and  the  process  was  highly  developed  in 
American  refineries.  By  the  aid  of  this  method,  the  supply 
of  refined  oil,  which  was  at  that  time  the  petroleum  product 
in  greatest  demand,  was  very  greatly  increased.  In  the  case 
of  many  crude  oils  the  yield  of  kerosene  obtained  by  cracking 
equalled  the  yield  of  natural  kerosene,  so  that  in"  effect  the 
kerosene  production  was  in  these  instances  actually  doubled 
by  cracking. 

In  the  early  years  of  the  present  century,  when  the  de- 
mand for  gasoline  began  to  outstrip  the  demand  for  kerosene, 
it  was  natural  that  the  oil-refiner  should  turn  to  his  prior 
cracking  processes  for  inspiration  and  help  in  solving  the 
new  problem.  The  earliest  process  for  cracking  to  produce 
gasoline  that  proved  successful  on  a  large  commercial  scale 
was  that  developed  by  Dr.  William  M.  Burton  and  his  asso- 
ciates, of  the  Standard  Oil  Co.  of  Indiana.  This  process  was 
a  pressure-distillation  method,  the  details  of  which  were 
worked  out  so  successfully  that  within  2  or  3  years  there 
were  several  hundred  stills  operating  according  to  the  method 
in  use,  not  only  by  the  Indiana  company  but  by  a  large  num- 
ber of  licensees  as  well,  located  in  all  parts  of  the  United 
States.  The  success  of  the  process  and  its  widespread  use 
may  be  attributed  not  only  to  its  intrinsic  merits,  but  also  to 
the  circumstances  that  its  details  were  worked  out  in  such  a 
manner  that  it  fitted  into  existing  refinery  processes  and  or- 
ganizations so  perfectly,  requiring  the  minimum  of  special 
knowledge  in  either  construction  or  operation,  and  the  mini- 
mum change  in  the  accepted  refinery  practices  aside  from  the 
pressure  distillation  itself. 

1  From    an    article    in    The    Lamp,   published    by    the    Standard    Oil 

Co.  of  New  Jersey 

-  M.S. A. E — Manager  of  tli°  r'ev«'onment  department,  Standard 
Oil  Co.  of  New  Jersey.   New  York  City. 


The  Burton  Process 

The  Burton  process,  of  course,  was  not  the  only  one  that 
came  forward  at  this  time,  for  the  subject  of  an  increased 
gasoline  supply  was  one  of  great  importance  to  the  whole 
industry,  and  refiners,  as  well  as  chemists,  engineers,  and 
outside  inventors  and  scientists  of  all  descriptions,  were  dili- 
gently at  work  on  other  processes.  The  historical  back- 
ground of  the  cracking  art,  involving  not  only  petroleum  re- 
fining but  the  earlier  industries  of  gas  manufacture  and  coal 
and  shale  distillation,  gave  a  fertile  field  in  which  inventors 
seeking  to  improve  cracking  for  the  production  of  gasoline 
could  operate.  It  will  be  remembered  that  the  Federal  Gov- 
ernment itself  became  interested  in  this  matter,  through  the 
Bureau  of  Mines,  and  that  much  publicity  was  given  to  a 
process  known  as  the  Rittman  process,  the  initial  work  on 
which  was  done  under  the  auspices  of  the  Bureau  of  Mines. 

Unfortunately,  in  many  instances,  perhaps  the  majority 
of  instances,  the  investors  and  promoters  of  the  numerous 
cracking  processes  that  began  to  clamor  for  public  attention 
and  financial  backing  very  soon  after  the  Burton  process  be- 
came generally  established,  either  were  unfamiliar  with  or 
failed  to  point  out  the  historical  background  of  the  prob- 
lem. It  was  believed  by  most  persons  not  familiar  with  the 
details  of  the  industry  that  cracking  was  an  entirely  new 
phenomenon  and  method;  that  the  Burton  process  was  the 
only  known  means  of  accomplishing  it;  and  that  anyone  who 
was  able  to  produce  gasoline  by  cracking  in  a  manner  differ- 
ent from  that  of  the  Burton  patents  would  be  assured  of  a 
fortune. 

The  Facts  of  the  Matter 

The  facts  of  the  matter  were  very  different;  cracking  was 
not  essentially  new,  nor  was  it  by  any  means  true  that  the 
Burton  process  was  the  only  method  by  which  gasoline  could 
be  Obtained  from  the  heavier  oils.  Almost  anyone  of  the 
hundreds  of  prior  cracking  processes  that  had  grown  up  in 
the  three  related  industries  of  petroleum,  gas  and  coal  were 
available,  sometimes  without  any  change  at  all  and  some- 
times with  only  the  very  simplest  changes,  for  the  production 
of  gasoline  from  heavy  oils.  As  in  every  other  practical 
proposition,  the  dollars-and-cents  results  were  the  final  cri- 
terion. For  one  reason  or  another,  almost  none  of  these 
competitive  processes  could  be  actually  used  on  a  large  scale 
bv  the  average  petroleum-refiner  with  any  profit  to  himself. 
The  gasoline  yield  was  too  small,  the  quality  bad,  the  losses 
too  high,  the  processing  costs  excessive,  the  equipment  too 
dangerous  or  too  costly  or  some  other  single  disadvantage  or 
combination  of  disadvantages  worked  to  outlaw  the  process 
from  the  practical  refinery.  At  least  half  a  dozen  sizable 
fortunes  have  been  sunk  in  efforts  to  convince  the  refining  in- 
terests of  the  Country  of  the  practical  value  of  the  more 
energetically  promoted  of  these  processes.  Much  that  was 
of  real  merit  was  involved  in  many  of  the  processes,  and 
some  of  them  actually  gained  a  precarious  foothold  in  the 
industry. 

It  was  inevitable  that  a  development  of  this  kind,  involv- 
ing such  a  large  industry  and  of  such  great  importance  finan- 
cially, should  become  the  subject  of  a  host  of  patents.  Sev- 
eral hundred  patents  have  been  issued  dealing  with  cracking 
processes  in  the  last  10  years.  The  lack  of  any  general 
knowledge  on  the  part  of  the  public  as  to  the  nature  of  a 
patent  right  is  in  a  large  measure  responsible  for  the  confu- 
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sion  that  has  existed  with  respect  to  cracking  patents  and 
with  respect  to  their  speculative  or  investment  value.  It 
should  be  understood  that  a  patent  is  not  the  grant  of  a  right 
by  the  Federal  Government  to  practise  a  certain  invention, 
make  a  certain  machine  or  use  a  certain  process.  Every 
person  has  an  inherent  right  to  engage  in  any  lawful  busi- 
ness, and  this  right  is  neither  extended  nor  limited  by  the 
grant  of  a  patent  to  him  for  an  invention  that  he  proposes  to 
use.  The  right  that  the  grant  of  a  patent  does  establish  is 
not  the  right  to  practise  the  patented  invention,  but  solely 
the  right  to  prevent  others  from  practising  the  specific  novel 
point  of  the  invention. 

It  is  almost  universally  the  case  that  an  invention  consists 
of  a  combination  of  something  that  is  new  with  something 
that  is  old.  In  the  art  of  cracking  oil,  the  patents,  without 
any  exception  so  far  as  we  know,  do  not  even  purport  to  cover 
fundamentally  the  operation  known  as  "cracking."  They 
obviously  could  not  do  so,  for  this  operation,  under  the  same 
or  another  name,  is  at  least  100  years  old.  What  the  pat- 
ents do  cover,  each  of  them,  is  some  particular  combination 
of  steps  or  pieces  of  equipment  arranged  for  use  in  some 
definite  fashion.  Perhaps  no  single  one  of  the  pieces  of 
equipment  or  the  steps  of  procedure  will  be  new  in  them- 
selves; perhaps  the  novelty  will  consist  only  in  its  applica- 
tion in  that  particular  combination. 

In  other  cases,  the  novelty  may  consist  in  the  addition  of 
some  single  new  step  or  piece  of  equipment  to  an  apparatus 
or  process  that  was  in  toto  old  with  the  exception  of  that  new 
part.  For  example,  in  the  cracking  art,  probably  two-thirds 
of  the  patents  that  have  been  issued  relate  to  improvements 
in  the  same  general  method  used  in  the  Burton  process,  the 
distillation  of  the  heavy  oil  under  pressure.  These  improve- 
ments take  all  forms;  they  deal  with  the  temperatures  and 
pressures  at  which  the  distillation  takes  place,  the  form  of 
the  equipment  used,  the  treatment  of  the  resulting  products 
and  every  imaginable  variant.  The  Burton  patents  them- 
selves, although  generally  regarded  as  the  pioneer  patents  in 
this  field  of  gasoline  production  by  pressure  distillation,  do 
not  purport  to  cover  the  mere  act  of  pressure  distillation  as 


carried  out  in  a  particular  fashion,  which,  in  the  judgment  of 
the  Patent  Office,  was  new  with  Burton  and  his  associates. 

Mostly  Infringements 

It  follows  from  the  above  that  almost  all  of  the  patented 
cracking  rnethods,  which  have  formed  the  subject  of  the  large 
number  of  patents  issued  within  the  last  few  years,  are 
themselves  infringements  of  some  one  or  more  other  pat- 
ents, depending  upon  the  basis  upon  which  the  inventor 
started  to  work.  A  situation  of  this  kind  naturally  becomes 
more  complex  in  proportion  to  the  number  of  patents  that 
are  coexisting  in  the  same  field  at  any  particular  time.  The 
importance  of  the  cracking  art  naturally  attracted  inventors 
to  such  a  great  extent  that  there  is  perhaps  no  single  patent 
situation  which  is  more  confused  than  this  one.  The  situa- 
tion has  been  made  even  worse  by  reason  of  the  fact  that  the 
Patent  Office  has  been  laboring  under  difficulties  in  the  way 
of  inadequate  funds  and  an  inadequate  staff  during  the  past 
5  years,  resulting  not  only  in  the  grant  of  some  patents,  the 
validity  of  which  may  be  seriously  questioned,  but  also  in 
almost  indefinite  holding-up  of  applications  for  patents. 

A  Licensing  Patent 

The  Standard  Oil  Co.  of  New  Jersey  has  been  a  licensee 
under  the  Burton  patents  and  has  operated  large  numbers  of 
Burton  stills  for  many  years.  It  has  during  that  period  de- 
voted considerable  amounts  of  time  and  money  to  research 
and  experiments  on  cracking  and  as  a  result  of  this  work  has 
been  able  to  improve  greatly  the  efficiency  of  operation  of 
its  Burton  equipment.  A  further  and  more  important  result 
of  the  same  work,  however,  has  been  the  development  of  a 
process,  known  as  the  "tube-and-tank  process,"  that  is  just 
now  beginning  to  be  used  extensively  in  the  refineries  of  the 
Company.  Based  on  the  experience  with  it  up  to  the  present 
time,  it  is  believed  that  this  method  will  be  in  many  respects 
superior  to  the  Burton  method.  It  is  not  the  intention  of  the 
Company  to  attempt  to  monopolize  the  tube-and-tank  crack- 
ing method  but  on  the  contrary,  a  liberal  licensing  policy  has 
been  adopted  with  respect  to  this  process. 


RESERVE  OFFICERS  TRAINING  CORPS 


THE  lessons  taught  by  the  World  War  took  root  in  the 
minds  of  our  Country's  legislators,  with  the  result  that 
the  Reserve  Officers  Training  Corps,  previously  a  practi- 
cally dormant  and  inactive  organization,  became  an  im- 
portant force,  both  in  our  colleges  and  in  the  military  world. 
Generous  appropriations  contributed  the  stimulus  toward 
making  it  an  active  and  well-planned  organization  that  im- 
mediately took  its  rightful  place  in  college  work. 

Despite  the  aversion  for  all  things  of  a  military  nature, 
created  by  the  years  of  warfare,  the  courses  of  military  in- 
struction were  made  so  attractive  that  students  were  glad 
to  take  them.  Uniforms,  commutation  of  rations  and  sum- 
mer camps  were  features  that  appealed  to  the  average  col- 
lege man.  The  courses,  instead  of  being  confined  to  close- 
order  drill  and  tiresome  ceremonies,  were  broadened  to  in- 
clude lectures  and  practical  work  on  subjects  that  were  not 
only  of  vital  importance  to  an  officer,  but  interesting  to  the 
student.  These  things  have  contributed  toward  making 
military  one  of  the  most  popular  courses  in  the  modern 
college. 

The  courses  as  presented  in  the  colleges  are  intended  to 
give  the  basis  upon  which  may  be  added  the  finishing 
touches  necessary  to  make  good  officers.     These  men,  placed 


in  reserve,  could  be  called  forth  in  time  of  war,  given  a  short 
intensive  training  suited  to  the  needs  of  their  branch  of  the 
Service,  and  made  ready  in  a  short  time  for  active  and 
useful  duty.  Aside  from  the  military  value  of  this  force 
of  Reserve  Officers,  the  civic  value  of  the  training  received 
under  the  Reserve  Officers  Training  Corps  is  immense.  It 
has  been  said  that  a  man  who  wins  his  commission  in  the 
Artillery  has  sufficient  training  to  be  a  good  civil  engineer. 
The  same  sort  of  thing  might  be  said  in  connection  with  the 
Signal  Corps  and  electrical  engineers.  The  Motor  Trans- 
port Corps  offers  a  course  in  automobile  mechanics  hard  to 
beat  in  any  technical  school. 

The  discipline  and  obedience  to  authority  exemplified  in 
the  old-fashioned  military  regimes,  are  not  entirely  dis- 
pensed with  in  the  modern  course.  Enough  close-order  drill 
and  infantry  maneuvers  are  assigned  the  student  to  give 
him  a  thorough  idea  of  the  value  of  discipline  and  the  poise 
that  is  the  making  of  a  good  officer.  This  work  is  given  in 
the  earlier  part  of  the  course,  while  the  last  2  years  are 
devoted  more  to  the  theory  and  specialized  study  of  the  sub- 
jects directly  pertaining  to  the  branch  of  service  that  the 
student  intends  to  enter. — C.  Y.  Thomason  in  Coast  Artillery 
Journal. 
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TRAFFIC  SIGNALING 


THOSE  responsible  for  the  control  of  the  rapidly  increasing 
motor-vehicle  traffic  on  our  city  streets  and  State  and 
county  highways  have  been  confronted  with  a  problem  that 
under  the  best  conditions  is  neither  simple  nor  easy.  No 
traffic  in  the  history  of  the  world  has  developed  at  such  a 
rapid  rate  as  highway  traffic.  So,  it  is  not  surprising  that, 
in  meeting  this  unprecedented  growth,  methods  have  been 
adopted  which,  if  more  time  had  been  available,  would  have 
shown  a  greater  degree  of  uniformity  and  a  closer  adherence 
to  some  of  the  principles  that  have,  through  a  long  period  of 
years,  evolved  into  established  practice  in  the  control  of  other 
classes  of  traffic. 

We  shall  probably  always  have  traffic  laws,  regulations 
and  lettered  signs  for  the  highway,  but  we  may  expect  con- 
tinued development  of  signaling,  both  audible  and  visual, 
for  highway-traffic  control.  Users  of  highway  vehicles  are 
not  the  only  people  who  have  had  to  face  the  problems  of 
traffic  control  and  signaling.  Many  of  the  existing  marine 
and  railroad  signaling  methods  are  the  result  of  years  of 
study  and  have  become  stabilized  through  legislative  enact- 
ments. An  acquaintance  with  their  underlying  principles 
is  helpful  in  any  study  of  traffic  control  and  signaling. 

In  general,  the  conditions  that  affect  traffic  and  need  to  be 
indicated  to  the  vehicle  operator  are  those  that  in  any  way 
retard  or  obstruct  free  traffic  movement.  Naturally,  any 
conditions  that  affect  the  integrity  of  the  roadway  as  a 
structure  or  support  for  the  vehicle  constitute  an  obstruction. 
The  most  frequent  class  of  obstructions  to  vehicle  movement 
is  the  presence  of  another  vehicle.  The  degree  in  which  one 
vehicle  in  the  path  of  another  constitutes  an  obstruction 
varies  greatly  with  the  nature  of  the  channel  of  traffic.  The 
braking  power  of  the  vehicle,  that  is,  the  distance  in  which 
a  stop  can  be  made,  is  a  factor  in  determining  the  location 
of  any  form  of  traffic  signaling  and  the  indication  that  it 
should  display.  In  all  traffic  regulation  it  is  necessary  to 
recognize  that  one  vehicle  may  at  certain  times  have  the  right 
of  way  or  precedence  over  another. 

Railroad  trains  are  classified  according  to  what  is  called 
"superiority."  Precedence  of  one  train  over  another  may  be 
conferred  by  right,  class  or  direction.  Superiority  by  right 
is  conferred  by  train-order.  First-class  trains  are  superior 
to  second-class  trains;  as  between  trains  of  the  same  class 
on  a  single  track,  those  moving  in  a  given  direction  have 
superiority.  Without  our  recognizing  the  fact,  perhaps,  our 
highway  vehicles  group  themselves  into  the  same  classes. 
The  whistle  of  the  traffic  policeman,  or  his  hand  signal,  estab- 
lishes precedence  by  right.  Our  fire  engines,  ambulances  and 
United  States  mail  wTagons  would  in  railroad  language  be 
called  first-class  trains.  They  have  the  right  of  way  over 
other  vehicles.  In  a  number  of  cities  traffic  on  streets  run- 
ning in  a  given  direction  has  precedence  over  traffic  on  streets 
running  at  right  angles  to  them. 

Signal  Systems 

The  three  principal  systems  of  signals  used  for  the  control 
of  traffic  are  (a)  fixed  signals,  (b)  vehicle  signals  and  (c) 
hand  signals.  Fixed  signals  indicate  conditions  affecting  the 
movement  of  traffic;  under  this  heading  may  be  grouped 
lighthouses,  beacons  and  buoys  for  marine  traffic;  pylons, 
ground-lights  and  other  landing-field  signals  for  air  traffic; 
block-signals,  interlocking  signals,  train-order  signals,  switch- 
ing signals  and  signs  on  railroads,  and  traffic  signals,  road- 
signs  and  railroad-crossing  signals  on  highways. 

Signals  displayed  by  vehicles  indicate  their  class,  location 
or  direction  of  movement.  This  class  includes  the  running 
and  the  anchor  lights  of  vessels,  the  running  lights  of  air- 
craft, the  classification  signals  and  markers  of  railroad 
trains  and  the  usual  lights  displayed  by  highway  vehicles. 
Hand  signals  may  be  defined  as  any  signals  given  with  the 
hand,  a  flag,  a  lamp,  or  a  disc  by  the  operator  of  a  vehicle 
or  by  a  person  controlling  the  movement  of  traffic. 

Our  railroad  friends  have  some  rather  good  definitions  of 
signaling;  the  handling  of  heavy  trains  at  high  speed  of 
course  requires  very  definite  and  simple  signal-codes.     There 


are  three  conditions  that  railroad  signals  are  primarily  in- 
tended to  denote:  (a)  that  the  way  is  not  clear;  (6)  that  the 
train  should  be  brought  under  control  so  as  to  enable  a  stop 
to  be  made  quickly;  and  (c)  that  the  way  is  clear.  The  indi- 
cations of  these  conditions  are,  respectively,  "stop,"  "caution" 
and  "proceed."  When  the  railroad  man  uses  the  word  "indi- 
cation," he  does  not  mean  the  form,  color  or  appearance  of 
a  signal,  but  the  wording  or  language  that  the  signal  speaks. 
He  uses  another  word  to  define  the  form,  color,  motion,  posi- 
tion or  other  appearance  of  the  signal,  namely,  "aspect."  In 
describing  a  situation  in  which  it  is  proper  for  a  train  to 
proceed,  he  would  say  that  the  condition  is  clear,  that  the 
indication  is  to  proceed  and  that  the  aspect  of  the  signal  is 
an  arm.  in  a  vertical  position  by  day  and  in  addition,  at  night, 
a  green  light.  These  terms  appear  to  be  sufficiently  clear  and 
precise  to  be  used  in  connection  with  all  forms  of  traffic 
signaling  to  which  they  may  apply. 

It  is  of  course  highly  desirable  that,  so  far  as  possible, 
uniformity  in  all  types  of  traffic  signaling  exist.  We  hardly 
need  "port"  and  "starboard"  lights  on  automobiles;  though, 
if  numbers  of  them  were  maneuvering  at  large  over  a  field 
instead  of  running  in  parallel  paths  on  highways,  such  lights 
might  be  very  desirable.  There  is  little  chance  for  conflict 
between  marine  and  land  signals.  Thousands  of  miles,  how- 
ever, of  our  important  highways  run  parallel  to  and  closely 
alongside  of  our  steam  railroads,  and  many  hundreds  of  miles 
of  electric  railways  actually  occupy  our  streets  and  roads. 
Furthermore,  we  have  in  the  United  States  thousands  of 
crossings  of  highways  and  railroads  at  grade.  It  is  perfectly 
clear  that  our  systems  of  railroad  and  highway  signaling, 
as  regards  fixed  signals,  vehicle  signals  and  hand  signals, 
should  be  of  sufficient  uniformity  to  avoid  misunderstanding 
or  conflict,  wherever  signals  used  in  the  control  of  one  class 
of  traffic  may  be  seen  and  wrongly  interpreted  by  the  oper- 
ators of  vehicles  in  the  other  class  of  traffic. 

It  is  also  highly  important  in  any  system  of  signaling 
never  to  use  an  indication  that  is  more  restrictive  than  is 
actually  required  by  the  conditions.  I  have  never  encoun- 
tered anything  more  absurd  in  signaling  than  to  follow 
another  car  down  a  long  hill,  my  own  car  and  that  ahead 
running  at  about  25  m.p.h.,  with  the  leading  car  displaying 
in  flaming  red  letters  the  word  "stop."  This  is  almost  the 
ultimate  in  crying  "wolf,"  and  there  is  nothing  worse  in  any 
system  of  signaling,  unless  it  be  a  direct  conflict  of  indica- 
tions, than  continually  crying  wolf  by  giving  a  more  re- 
strictive indication  than  the  conditions  warrant.  Certainly, 
the  most  restrictive  indication  that  the  car  ahead  should  have 
displayed  is  "caution."  I  believe  that  a  caution  indication 
rather  than  a  stop  indication,  should  'be  the  one  displayed  by 
the  tail-lamps  of  highway  vehicles. 

The  question  of  signaling  at  grade-crossings  of  railroads 
and  highways  demands  the  most  careful  study  and  the 
determination  of  a  sound  basis  for  the  indications  to  be  dis- 
played and  the  aspects  of  the  signals  to  denote  them.  Prob- 
ably there  is  no  phase  of  the  signal  problem  that  is  more  con- 
fused, nor  on  which  there  has  been  so  much  loose  thinking. 

Signaling  in  some  of  its  forms  is  a  very  old  art.  Railroad 
signaling  as  an  art  is  less  than  100  years  old.  Highway-traffic 
signaling  is  still  in  its  infancy;  and  it  is  always  true  that  in 
a  new  art  those  who  practice  it  are  prone  to  rush  into  details 
before  establishing  the  sound  underlying  principles  that 
should  govern  practice. 

I  am  not  attempting  herein  to  describe  signaling  apparatus 
of  any  type,  nor  to  suggest  the  form,  color,  position  or 
motion  to  be  used  for  any  particular  signal-aspect,  nor  the 
aspect  to  be  employed  to  give  any  particular  indication.  It 
has  been  my  intention  simply  to  indicate  some  of  the  basic 
conditions  that  underlie  the  control  of  traffic  of  all  kinds  in 
the  hope  of  stimulating  an  interest  on  the  part  of  those  con- 
cerned in  highway  traffic,  in  the  study  of  the  history  of 
traffic  control  and  the  development  of  the  art  of  signaling. 
We  can  never  build  a  stable  structure  except  upon  a  sound 
foundation. — From  an  address  by  Azel  Ames  before  the 
American  Automobile  Association,  at  Jacksonville,  Fla. 
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The  applications  for  membership  received  between  March 
15  and  April  14,  1923,  are  given  below.  The  members  of 
the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Anderson,   J.   A.,  student.   University   of   Minnesota,    Minneapolis. 

Arata,  L.   D.,   student.   University   of  Cincinnati,   Cincinnati. 

Argei.an.    Peter    Arthur,    student,    University    of    Cincinnati,    Cin- 
cinnati. 

Beck.  Hilton,  chief  engineer.  Stanley  Motor  Carriage  Co..  Newton, 
Mass. 

Bbrsie,  Hugh  G.,  engineer,  Haskeiite  Mfg.  Corporation,  Chicago. 

Bird,  Leon  F.,  student.  University  of  Cincinnati,  Cincinnati. 

Bolger,    John     F..     vice-president.     Allbestos    Corporation.     Logan, 
Philadelphia,  Pa. 

Boyd,  Paul  M.,  student.  University  of  Minnesota,  Minneapolis. 

Brier,    Albert    T,    instructor    of    auto    mechanics,    Elwood    Public 
Schools.  Elwood,  Ind. 

Buchanan,   Alexander   D.,   student.    University   of   Michigan,    Ann 
Arbor.  Mich. 

Burns,   Charles   E.,    Jr.,   mechanical    laboratory   assistant.    Bureau 
of  Public  Roads,  City  of   Washington. 

Collier,  J.  F.,  manager  service.  Reo  Motor  Car  Co.,  Lansing,  Mich 

Cole,  Wheeler  J.,  student  Tri-State  College,  Angola,  Ind. 

Cone,  Logan  J.,  student,  University  of  Cincinnati,  Cincinnati. 

Cowan,  Gerald  A.,  student.   University  of  Cincinnati,  Cincinnati. 

Crabtree.  L.  B..  student.  University  of  Cincinnati,  Cincinnati. 

Craft.  Edward  B.,  chief  engineer,  Western  Electric  Co.,  New   York 
City. 

Crain,  Allan  Meter,  student.  University  of  Cincinnati.   Cincinnati. 

Davis.   J.    B..    production   manager,    Standard   Textile   Products   Co., 
New  York  City. 

Davis.    Lewis    K.,    managing    director.    Roadless    Patents    Holding 
Co.,  City  of  Washington. 

DeBrul.  William  E.,  student.  University  of  Cincinnati,  Cincinnati. 

Dibblee.  Walter  Augustus,  Jr.,  student,  University  of  Cincinnati, 
Cincinnati. 

Dods,  John  P..  vice-president,  Brightman  Mfg.  Co.,  Columbus,  Ohio. 

Dunham,  Taylor  H.,  student,  University  of  Cincinnati.   Cincinnati. 

Durham.  Percy  J.,   president  and  general  manager,   P.  J.  Durham 
Co.,  New   York  City. 

Eberhardt,   Fred   Ross,   manager   gear   department.    Newark   Gear 
Cutting  Machine  Co.,  Newark,  N.  J. 

Exley,  Lucius  M.,  student,  University  of  Cincinnati,  Cincinnati. 

Faber.  L.  E..  mechanic.  Yellow  Cab  Mfg.  Co.,  Chicago. 

Freeman,    F.    P..    superintendent    of    motor    equipment.    Kaufman's 
Department   Stores,    Inc.,   Pittsburgh. 

Fret,  Arwin  P.,  student,  University  of  Cincinnati.  Cincinnati. 

Friestadt.    Mortimer,    chief    mechanic,    H    &    C    Auto    Repair    Co.. 
Brooklyn.  N.   Y. 

Gage.  N.   E.,  sales  manager,   National  Tool  Co.,  Cleveland. 

Gantes.    Ramon,     mechanical     engineer.     Chilian     Consulate.     New 
York  City. 


GialdinI,  B.  Thomas,  student,  University  of  Cincinnati,  Cincinnati. 

Gilbertson,    George    B.,    student,    University    of    Minnesota,    Min- 
neapolis. 

Glynn,  Frederick  IC,  engineer  of  motor  vehicles.  New  York  Tele- 
phone Co..  New  York  City. 

Hukill,  H.  D.,   in  charge  of  automotive  division,  Westinghouse  Air 
Brake  Co.,    Wilmerding,  Pa. 

Hulton,   Ralph,  branch   manager,   Lovejoy   Detroit   Co.,   Detroit. 

Irish,   L.   A.,   manager,   New  York  Yellow  Cab  Co.,   Sales  Agency, 
Inc.,  New  York  City. 

Kizer.  Karl  K.,   president,   Kizer  Equipment  Co.,  Chicago. 

Lontz,  Dudley  M.,  student.  University  of  Cincinnati,  Cincinnati. 

McVeigh,  Duke  M.,   student,   Cornell  University,  Ithaca,  N.    Y. 

Mackenzie,  Robert  E.,  advertising  manager,  Timken  Roller  Bear- 
ing Co.,  Canton,  Ohio. 

MacMillan.    R.    D„   director  of  sales  and   service,   Albert  Frank  & 
Co.,  New  York  City. 

Mead,  Richard  O.,  sales  manager,  American  Wood  Rim  Co.,  Onaway, 

Mich. 

Meyer,  Henry  F.,  truck  equipment  engineer,  Van  Dorn  Iron  Works, 
( lit  eland. 

Moran,   Ronald  James,  student,   Tri-State  College   of   Engineering, 
Angola,  Ind. 

Mueller,  J.   Wesley,  student,   University   of  Cincinnati,   Cincinnati. 

Nevin,  Charles   A.,   layout   draftsman,    L.    W.   F.    Engineering  Co., 
College  Point,  N.   Y. 

Noelke,    H.    M.,    experimental    assistant.    International    Motor    Co., 
New   York  City. 

Norton,    Benjamin    M.,    sales     manager.     Four    Wheel    Hydraulic 
Brake  Division,  U.  S.  E.  Corp.,  Neio   York  City. 

Ogawa,  Yoshio,  student.  Tri-State  College,  Angola,  Ind. 

Ostby-.   Oscar    F.,   general    sales    manager,    Prest-O-Lite    Co..    Inc., 
Indianapolis. 

Paton,    Clyde    R.,    teaching    assistant    in    mechanical    engineering, 
University   of  Michigan.   Ann  Arbor,  Mich. 

Patterson,    H.    R..    chief    engineer,    Dejon    Electric    Corporation, 
Poughkeepsie,  N.    Y. 

Pietz,  Louis  F.,   road  engineer.  International  Harvester  Co.,   Sioux 
City,  Iowa. 

Schmid,   William    A.,    Jr.,   student,    University    of    Cincinnati,    Cin- 
cinnati. 

Schreiner.    Edward,   student,   University   of  Cincinnati,    Cincinnati. 

Schweitzer,    George    A.,    student,    University    of    Cincinnati.    Cin- 
cinnati, 

Smellie,    Donald    G.,    assistant   engineer.    Holmes   Automobile    Co., 
Canton,  Ohio. 

Tackenberg.   Richard   Charles,  student.    University   of   Cincinnati, 
Cincinnati. 

Taylor,    William    Whitworth,   student.    University    of    Cincinnati, 
Cincinnati. 

Thiersch,  Walter,   student.  University  of  Cincinnati,  Cincinnati. 

Titus,  Curtis  Turner,  student,  University  of  Cincinnati,  Cincinnati. 

Townsend,  Arthur  L.,  instructor  in  mechanical   engineering,   Mas- 
sachusetts  Institute   of  Technology,    Cambridge,  Mass. 

Tribsler,  A.  Wager,   student.   University  of   Cincinnati,   Cincinnati. 

Tyler,    Donald    Wilson,    student,    University    of    Cincinnati,    Cin- 
cinnati. 

Vincent,  First-Lieut.,  Thomas  K.,  Ordnance  Department,  Raritan 
Arsenal,  Metuchen,  N.  J. 

Wagner,    John    Wesley,    student,    University    of    Minnesota,    Min- 
neapolis. 

Waite,    Gordon    Tarbell,    student,    University    of    Michigan,    Ann 
Arbor,   Mich. 

Wasmer,  Clarence  T.,  student,  University  of  Cincinnati,  Cincinnati. 

Watson,  Clifford  E.,   student.  Pratt  Institute,   Brooklyn,  N.   Y. 

Williams.  S.   M..    branch   manager.   Autocar   Sales   &   Service   Co., 
New   York   City. 

Wilson,  Harland  D'..   chief  chemist  and  chemical  engineer,   Prest- 
O-Lite   Co.,   Inc.,  Indianapolis. 

Wilson,  J.   F.,   body  engineer,   Chevrolet  Motor  Co.,  Detroit. 

Woodhull,  J.    R.,    student.    University   of   Cincinnati.    Cincinnati. 
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The  following  applicants  have  qualified  for  admission 
to  the  Society  between  March  10  and  April  10,  1923. 
The  various  grades  of  membership  are  indicated  by  (M) 
Member;  (A)  Associate  Member;  (J)  Junior;  (Aff) 
Affiliate;  (S  M)  Service  Member;  (F  M)  Foreign  Member; 
(E   S)    Enrolled    Student. 


Cadenhead     George    L.      (E    S)      student.     University     of     Illinois, 
Urbana,  111.,   (mail)   311  East  Green  Street,  Champaign,  111. 

DuBrul.    William    E.     (E    S)     student,    University   of    Cincinnati. 
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Osmond,  Charles  H.  (A)  chemical  engineer,  Atlantic  Refining  Co., 
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Peck,  Frank  (A)  superintendent,  Iowa  State  Tractor  and  Auto- 
mobile  School,  Sioux  City,  Iowa,   (mail)    721   Nebraska   Street. 

Pleuthner,  Charles  (M)  passenger-car  engineer,  Pierce-Arrow 
Motor  Car  Co..  Buffalo,   (mail)   51  Norway  Park. 

Presbrey,  Otis  Flagg  (M)  instructor.  Polytechnic  Institute 
of  Brooklyn,   99  Livingston  Street,  Brooklyn,  N.   Y. 

Price.  Charles  S.  (M)  chief  engineer.  Bethlehem  Spark  Plug  Co., 
Bethlehem,  Pa.,   (mail)    1213  Wood  Street 

Sample,  Sam  Steele  (E  S)  student.  University  of  Illinois,  Ur- 
bana, 111.,    (mail)   404  East  Daniel  Street,  Champaign.  III. 

Sawyer.  George  W.    (A)    Sinclair  Refining  Co.,  Omaha.  Neb. 

Walker.  George  L.  (A)  assistant  to  president.  R  &  V  Motor  Co., 
East  Moline,  III. 

Walter.  Charles  Taylor  (J)  experimental  engineer.  Swift  &  Co., 
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Walton,  F.  L.  (A)  general  sales  manager.  Union  Switch  &  Signal 
Co.,  Swissvale,  Pa.,    (mail)    802  Ross  Avenue,   Wilkinsburg,  Pa. 

Wheat.  E.  F.  (A)  superintendent.  Y.  M.  C.  A.,  Ninth  and  Carr 
Street,  St.  Louis. 

Woodhull.  J.  R.  (E  S)  student.  University  of  Cincinnati,  Cincin- 
nati,  (mail)    930  Morris  Street. 

Wyzalek.  John  F.  (M)  metallurgist,  Hyatt  Roller  Bearings  di- 
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(mail)    162  Chestnut  Street,  Kearny,  N.  J. 

Zahour,  R.  L.  (J)  student.  Case  School  of  Applied  Science,  Cleve- 
land,  (mail)    12410  Captlewood  Avenue. 
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The  Wyman- Gordon  Crankshaft 
in  the  Duesenberg  Straight  Eight 


which  finished  Sunday.  April  29th.  a  fifty-hour  twenty-one  min- 
ute and  one  second  non-stop  3155  mile  run  on  the  Indianapolis 
Motor  Speedway  at  an  average  speed  of  62.63  miles  per  hour, 
including  three  stops  for  tires. 

Mr.  Fred  S.  Duesenberg,  Chief  Engineer,  writes.  "The  crank- 
shaft certainly  was  in  beautiful  shape  and  none  of  the  parts 
showed  anv  wear  from  the  effects  of  this  run." 


WYMAN-GORDON 


The  Crankshaft  Makers 


Worcester,  Mass. 


Chicago,  111. 
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Research  Department  Announcement 

JOHN  A.  C.  WARNER,  formerly  chief  of  the  aero- 
nautic instruments  section  of  the  Bureau  of  Stand- 
ards, has  been  made  Assistant  Research  Manager 
of  the  Society.  The  return  of  Dr.  H.  C.  Dickinson  to 
the  Bureau  of  Standards  after  several  months'  exten- 
sion of  his  leave  of  absence  from  that  institution  will 
not  deprive  the  Research  Department  of  his  participation 
in  its  work.  Arrangements  have  been  made  whereby 
he  will  be  able  to  give  a  substantial  amount  of  time 
to  active  work  with  the  Research  Department  in  New 
York  City,  in  furtherance  of  the  cooperative  program 
between  the  Bureau  of  Standards  and  the  automotive 
and  the  petroleum  industries. 

The  general  supervision  of  the  work  of  the  Research 
Department  will  not  be  changed ;  there  will  be  no  inter- 
ruption of  its  activities  in  any  particular,  and  we  believe 
that  with  the  continuance  of  the  present  hearty  support 
of  the  membership  the  value  of  this  Department  will 
continue  to  grow  at  an  increasing  rate. 

A  Valuable  Service 

ENGINEERING  publications,  trade  papers,  labora- 
tory reports,  technical  books  and  other  valuable 
literature  in  the  several  branches  of  automotive 
engineering  are  received  currently  at  the  Society  head- 
quarters in  New  York  City.  This  material  comes  from 
many  sources,  both  foreign  and  domestic.  It  is  studied 
with  reasonable  care  by  the  members  of  the  staff  and 
the  important  articles  or  data  are  indexed  in  the  refer- 
ence files  of  the  Research  Department.  For  the  benefit 
of  The  Journal  readers  it  has  been  decided  to  carry 
these  references  currently  in  a  section  of  The  Journal 
in  the  future.  The  plan  was  started  with  the  May 
issue  and  the  members'  attention  is  directed  to  p.  12 
of  the  advertising  section  of  that  issue  where  many 
valuable  references,  abstracts  and  reviews  will  be  found 
under  the  heading  "Notes  and  Reviews".  While  this 
column  is  not  represented  as  completely  covering  all 
automotive  literature,  it  will  be  found  to  be  fairly  com- 
prehensive, particularly  in  calling  attention  to  matter 
that  does  not  receive  general  circulation. 

Members  will  be  assisted  in  procuring  copies  of  any 
of  the  original  material  referred  to  in  Notes  and  Re- 
views.   They  are  encouraged  also  to  bring  valuable  arti- 


cles or  reports  to  the  attention  of  the  Research  Depart- 
ment for  mention  in  this  new  department.  Notes  and 
Reviews  for  this  month  will  be  found  starting  on  p.  10 
of  the  advertising  section. 

Division  Reports 

THE  regulations  of  the  Standards  Committee  pro- 
vide that  all  recommendations  approved  by  Divi- 
sions of  the  Standards  Committee  shall  be  acted 
upon  at  regular  or  special  meetings  of  the  Standards 
Committee.  In  the  case  of  the  Division  reports  printed 
on  pp.  565  to  585  inclusive  of  this  issue,  the  Standards 
Committee  will  act  upon  them  during  the  first  day  of  the 
Summer  Meeting  at  Spring  Lake  this  month. 

Although  the  reports  as  approved  by  the  Standards 
Committee  must  be  confirmed  by  the  Council,  at  the 
Society  Business  Meeting  and  by  the  voting  members 
of  the  Society  by  letter  ballot,  the  Standards  Committee 
Meeting  presents  the  last  practical  opportunity  for 
Society  members  or  non-members,  who  are  of  the  opinion 
that  the  recommendations  do  not  meet  the  requirements 
of  the  industry,  to  submit  evidence,  in  person  or  in 
writing,  supporting  their  opinions.  In  reading  the  re- 
ports in  this  issue,  it  should  therefore  be  borne  in  mind 
that  the  recommendations  are  tentative  and  may  receive 
extensive  revision  or  may  even  be  referred  back  to  the 
Divisions  submitting  them  for  further  study. 

»  - 

Elimination  of  Waste  Effort 

THE  following  statement  is  quoted  from  a  letter  re- 
ceived by  the  Society  in  answer  to  a  general  in- 
quiry, which  had  been  sent  to  passenger-car  body 
builders  and  passenger-car  companies  constructing 
bodies,  requesting  comments  on  a  tentative  recommen- 
dation on  aluminum  molding  submitted  by  a  Subdivision 
of  the  Passenger-Car  Body  Division. 

It  is  to  be  regretted  that  the  automobile  industry 
has  not  realized  long  before  this  time  the  enormous 
amount  of  waste  effort  caused  by  the  unnecessary  lack 
of  standards  in  so  many  of  the  minor  parts  that  enter 
into  the  construction  of  the  finished  car,  and  it  is  with 
great  satisfaction  that  we  note  the  efforts  of  the  So- 
ciety toward  standardization. 

Although  the  work  of  the  Passenger-Car  Body  Divi- 
sion on  the  formulation  of  body  standards  is  progres- 
sing slowly,  it  is  believed  that  the  work  is  on  a  sound 
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basis  and  the  executives  of  body  and  passenger-car 
manufacturers  should  make  it  possible  for  their  com- 
panies to  realize  the  economic  benefits  which  may  be 
gained  through  the  adoption  of  the  standards  in  future 
practice. 

The  Summer  Meeting 

THE  arrival  of  the  month  of  June  ushers  in  the 
popular  Summer  Meeting  of  the  Society.  Spring 
Lake.  N.  J.,  has  been  chosen  as  the  site  of  the 
1923  meeting.  Located  on  the  Atlantic  seashore  and 
boasting  of  two  fine  resort  hotels  and  unusually  com- 
plete sports  facilities,  Spring  Lake  provides  an  ap- 
propriate setting  for  a  successful  assembly  of  the  in- 
dustry's engineering  executives.  The  technical  activities 
will  concentrate  on  four  outstanding  topics:  four-wheel 
brakes,  large-section  air-cushion  tires,  head-lamp  glare, 
and  fuel  volatility  in  relation  to  crankcase-oil  dilution. 
Instructive  demonstrations  form  an  important  part  of 
each  of  the  sessions.  Railroad  fares  have  been  reduced 
for  this  occasion  and  special  trains  will  carry  the  mem- 
bers direct  to  Spring  Lake  without  change.  Further 
details  are  given  on  p.  617  of  this  issue  of  The  Journal 
and  last-minute  announcements  will  reach  the  members 
in  the  Meetings  Bulletin  about  June  5.  Reservations  of 
hotel  accommodations  should  be  made  promptly  through 
the  New  York  City  office  of  the  Society.  The  number 
of  reservations  at  the  time  of  this  issue  of  The  Journal 
going  to  press  had  reached  631. 

Nominating  Society  Officers 

THE  nomination  of  a  group  of  Members  to  serve  as 
officers  of  the  Society  in  1924  will  probably  be  com- 
pleted and  announced  at  the  Summer  Meeting  by 
the  Nominating  Committee  of  the  Society.  This  com- 
mittee consists  of  Members  elected  by  the  sections,  each 
Section  naming  one  man  and  an  alternate,  and  three 
Members  of  the  Society  elected  at  the  business  session 
of  the  Summer  Meeting.  There  being  11  Sections, 
the  Nominating  Committee  will  have  14  members  at 
Spring  Lake.  The  following  have  been  named  for  ser- 
vice on  the   1923  Committee  by  the  Sections: 


Section 
Buffalo 
Cleveland 
Dayton 
Detroit 
Indiana 
Metropolitan 
Mid-West 
Minneapolis 
New  England 
Pennsylvania 
Washington 


Member 

E.  T.  Mathewson 

Ernest  Wooler 

Lester  Keilholtz 

G.  E.  Goddard 

O.  C.  Berry 

C.  F.  Scott 

T.  Milton 

A.  W.  Scarratt 

V.  A.  Nielsen 

W.  M.  Newkirk 

A.  W.  S.  Herrington 


Alternate 

O.  A.  Parker 
V.  G.  Apple 
C.  S.  Whitney 

C.  T.  Myers 
R.  E.  Wilson 

Ira  D.  Shaw 


The  three  members-at-large  will  be  elected  at  Spring 
Lake  on  Tuesday  evening,  June  19;  no  two  of  them  can 
reside  in  the  same  Section  district. 

Intelligence  Tests 

IN  connection  with  articles  on  intelligence  tests  that 
have  appeared  in  The  Journal,  some  observations 
made  by  E.  McCullough  as  follows  are  of  interest. 
Gumption,  that  quality  that  keeps  a  man  going,  is  twice 
as  ^valuable  as  special  training.  Some  psychologists  say 
that  it  is  impossible  to  improve  the  intelligence.  The 
average  man  believes  otherwise.  He  believes  that  no 
psychologist  can  measure  intelligence;  that  the  thing 
which  is  measured  is  only  that  part  of  the  intellect  which 
reasons.  The  so-called  "intelligence"  should  be  termed 
mental  acumen.     There  are  not  many  dull  persons  but 


there  are  many  who  take  in  ideas  slowly.  Persistence 
and  ambition  count  for  much.  Many  quick-thinking  men 
do  not  always  display  great  common-sense,  while  many 
slow-thinking  and  slow-acting  men  have  a  wonderful 
amount  of  it.  Mental  acumen  plus  education  and  experi- 
ence form  intelligence. 

Society  News 

DURING  the  past  few  months  there  has  been  a 
gradual  change  in  character  and  scope  of  certain 
pages  of  The  Journal.  An  effort  is  being  made 
to  report  the  news  of  Society  meetings  and  activities 
in  a  prompt,  complete  and  interesting  manner  in  the 
section  of  The  Journal  that  follows  the  formal  publi- 
cation of  papers  and  addresses.  This  part  of  The 
Journal,  which  may  properly  be  termed  the  news  sec- 
tion, takes  on  the  character  and  make-up  of  the  trade 
paper,  and  will  report  current  meetings  in  a  style  that 
is  easy  to  read  and  sets  forth  the  principal  engineering 
thoughts  expressed  at  Society  meetings.  Use  is  made 
of  the  familiar  form  of  news  headline  to  enable  the 
reader  to  select  readily  the  matters  of  greatest  interest 
to  him.  Illustrations  will  be  used  to  supplement  the 
printed  story  and  lend  more  intimacy  to  the  remarks 
of  the  speakers.  The  progress  of  the  Standards  Com- 
mittee Divisions  will  be  recorded  in  like  style  as  will 
the  actions  of  the  Council  and  administrative  committees. 
The  outstanding  papers  read  before  national  and  sec- 
tional meetings  will  continue  to  be  published  in  complete 
form  in  the  forward  part  of  The  Journal.  It  is  be- 
lieved that  the  news  reports  will  appeal  particularly  to 
members  engaged  in  non-technical  or  semi-technical  work 
who  may  have  found  it  difficult  to  study  the  formal 
technical  papers  to  profit  by  the  engineering  information 
set  forth  in  them.  The  news  matter  in  this  issue  starts 
on  p.  610. 

Highways 

THE  State  Highway  Commission  of  Iowa  has  stated 
that  the  cost  of  paving  a  dirt  road  can  be  retired 
in  9  years  by  the  saving  in  transportation  costs; 
and  that  highway  taxes,  which  are  only  15  per  cent  of  the 
total  taxes,  are  responsible  for  only  one-eighth  of  the  to- 
tal increase  in  taxes  since  1910.  Sound  policies  must  be 
taught  in  the  financing  of  roads,  particularly  as  respects 
the  relation  of  bonds  to  revenues  from  current  fees.  The 
discussion  of  highway  finance  is  simplified  when  it  can  be 
shown  that  a  given  highway  reduces  the  expenditure  of  a 
community,  or  adds  to  its  productivity  sufficiently  to  jus- 
tify the  undertaking.  It  must  be  the  task  of  highway 
research  to  determine  the  facts. 

The  efforts  of  the  highway  engineer  to  build  road  sur- 
faces have  not  kept  pace  with  the  growth  of  highway 
traffic  that  has  arisen  so  recently  and  increased  so  rapidly 
in  the  United  States.  From  1910  to  1921  the  investment 
in  rolling-stock  has  been  three  times  that  in  roadbeds  of 
highways.  No  other  country  has  taken  up  the  task  of 
furnishing  highways  for  so  large  an  area,  some  3,000,000 
square  miles.  Texas  has  262,000,  while  France  has  only 
212,000  square  miles.  After  many  years  the  Pennsyl- 
vania Railroad  has  completed  a  roadbed  from  Chicago  to 
New  York  City,  a  distance  of  900  miles,  over  which  trains 
can  be  operated  safely  in  20  hours.  In  the  State  of  Texas 
a  single  through-highway  will  cover  an  equal  distance. 
Unless  the  highway  program  shall  be  halted  by  reaction, 
we  face  an  annual  expenditure  of  nearly  $1,000,000,000 
for  road  improvement,  provided  contractors,  men,  ma- 
terials and  transportation  shall  be  available. — Dr.  W.  K. 
Hatt. 
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An  Investigation  of  Some  Heavy-Duty 

Truck  Drive-Axles 


By    S.    VON    A.M.MON1 


Cleveland  Automotive  Transportation  Meeting  Paper 


Illustrated  with  Photographs  and  Charts 


A  RECORD  of  an  investigation  of  heavy-duty  truck- 
axles  carried  out  by  the  Bureau  of  Standards  at 
the  request  of  the  Motor  Transport  Division  of  the 
Quartermaster  Corps,  this  paper  deals  in  particular 
with  the  mechanical  efficiency  of  the  axles  tested.  The 
investigation  included,  in  addition  to  several  worm- 
drive  Class-B  Army-truck  axles  with  different  types 
of  bearing,  a  number  of  axles  usually  designated  re- 
spectively as  "internal-gear"  and  "multiple-reduction" 
type.  Each  of  these  types  was  represented  by  axles 
in  successful  use  in  commercial  trucks  of  5-ton  rating. 
In  analyzing  the  results  of  the  tests  it  was  found  pos- 
sible to  separate  the  losses  into  no-load  losses  and  load 
losses;  the  total  loss  being  the  sum  of  these  two.  In 
general,   the   no-load   losses  were   primarily  controlled 


at  the  higher  temperatures  and  the  heavy  pressures 
resulting  from  high  torque-values.  Improvement  in  the 
method  for  circulating  the  lubricant  is  suggested  as 
desirable  by  the  results;  the  high  no-load  losses  of  some 
of  these  axles  show  the  present  method  of  circulation 
to  be  very  inefficient.  The  characteristic  difference  be- 
tween the  worm-drive  and  gear-drive  types  is  demon- 
strated by  the  greater  load  losses  of  the  former  type. 

AN  appreciation  of  the  importance  of  securing  more 
complete  information  than  was  available  at  the 
.  time,  led  the  motor  transport  division  of  the 
Quartermaster  Corps  to  request  the  Bureau  of  Standards 
in  1920  to  undertake  an  investigation  of  the  several  types 
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Fig.  1 — Sectional  View  of  the  Class  B  Arm  Truck-Axle  Equipped  with  Tapeked  Roller  Bearings  Throughout 


by  the  viscosity  and  the  method  of  application  of  the 
lubricant.  They  were  greater  in  those  axles  in  which 
the  parts  rotating  at  high  speeds  were  immersed  most 
completely  in  the  lubricant.  Where  a  separate  body  of 
lubricant  was  used  in  the  wheels,  the  losses  were  in- 
creased still  further.  In  a  given  axle,  these  losses  also 
increased  with  an  increase  in  the  viscosity  of  the  lubri- 
cant and  with  the  propeller-shaft  speeds. 

The  load  losses,  expressed  as  torque,  were  practically 
independent  of  the  speed  and  of  the  viscosity  and  the 
method  of  application  of  the  lubricant.  They  increased, 
however,  with  an  increase  of  the  torque  input  and  at 
an  increasing  rate.  In  the  case  of  the  several  Class-B 
worm-type  axles  tested,  the  increase  in  the  load  losses 
with  an  increased  torque-input  was  greater  than  with 
any  of  the  gear-type  axles. 

The  use  of  a  lubricant  of  lower  viscosity  at  low  tem- 
peratures would  improve  the  mechanical  efficiency  un- 
der the  more  unfavorable  conditions  of  speed  and  tem- 
perature and  seems  advisable.  Such  lubricant  should, 
however,  be  no  less  efficient  than  that  used  in  the  tests 


1  Mechanical  engineer.  Bureau  of  Standards.  City  of  Washington. 


of  rear  axle  suitable  for  heavy-duty  trucks.  This  paper 
deals  with  some  of  the  results  of  this  investigation,  hav- 
ing particular  reference  to  the  mechanical  efficiency  of 
the  axles  tested. 

The  interest  of  the  Motor  Transport  Division  was  cen- 
tered largely  upon  the  Class-B  3%  to  5-ton  truck  and,  as 
a  need  for  replacement  axles  for  this  truck  was  expected, 
those  features  and  dimensions  essential  for  this  use  were 
specified  in  an  invitation  issued  to  axle  manufacturers  to 
submit  suitable  axles.  Of  these  features,  the  following 
are  of  interest  here:  (a)  maximum  torque-input  17,000 
lb-in.,  (b)  weight  on  spring-pads  12,000  lb.,  (c)  minimum 
ground-clearance  with  40-in.  tires  11%  in.,  (d)  maximum 
reduction-ratio  10.25,  (c)  minimum  reduction-ratio  8.90, 
and  (/)  a  non-locking  differential.  The  maximum  input- 
torque  was  based  on  95  per  cent  of  the  maximum  torque 
of  the  standard  Class-B-truck  engine  between  400  to  1200 
r.p.m.,  3000  lb-in.,  reaching  the  axle  through  the  5.93  to 
1  low-gear  ratio  of  the  standard  Class-B  transmission. 

In  response  to  the  invitation,  a  number  of  sample  axles 
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Thermocouple? 


Fig.    2 — Sectional   View   of  the   Class   B   Army   Truck-Axle  Equipped  with  Single-Row   Radial  Ball   Bearings    and 
Showing   the  Location   of  the  Thermocouple  Used  To  Measure  the  Lubricant  Temperatures 


Fig.    3 — Phantom    View    of    the    Three-Stage    Double-Reduction 
Tvpe  Axle 

of  nominal  5-ton  rating  were  sent  to  the  Bureau  of 
Standards.  The  investigation  also  included  one  5-ton  , 
axle  of  the  multiple-gear-drive  type  designed  and  used 
for  lower  input-torque;  for  this  and  other  reasons,  the 
manufacturer  made  it  available  for  test  neither  with  a 
view  to  its  use  in  the  Class-B  standard  truck  nor  any 
claim  of  its  ability  to  meet  the  above  specification.  This 
axle,   however,   represents  a   distinct  type   in  successful 


use,  and  the  test  results  were  therefore  expected  to  be  of 
general  interest.  The  Motor  Transport  Division  fur- 
nished a  standard  Class-B  axle,  and  the  necessary  worm 
and  differential  assemblies  for  testing  this  axle  with  dif- 
ferent types  of  bearing.     The  Bureau  thus  had  available 


Fig.  4 — View  of  the  Three-Stage  Double-Reduction 


I  ' — An  Internal-Gear  Type  Axle  Havino  a  Ratio  of  9.605  to  1 
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Fig.  6 — Another  Internal-Gear  Type  Axi.e  Having  a  Ratio  of  12.56  to  1 


for  this  investigation  the  following  axles  of  a  rated  ca- 
pacity of  5  tons.  The  same  housing,  wheel  and  wheel 
bearings  were  used  in  Axles  A,  B  and  C. 

Axle  A — Class-B  Army  truck-axle  with  tapered-roller 
bearings  throughout;  ratio  9.5  to  1;  shown  in  Fig.  1. 

Axle  B — Class-B  Army  truck-axle  with  single-row 
radial  ball-bearings  and  thrust  washers  for  the  worm 
and  tapered-roller  bearings  for  the  differential;  ratio 
9.5  to  1;  shown  in  Figs.  1  and  2. 

Axle  C — Class-B  Army  truck-axle  with  three  single- 
row  ball-bearings  for  the  worm,  one  of  these  taking  the 
thrust  load  only  and  the  others  the  radial  load  only,  and 
tapered-roller  bearings  for  the  differential;  ratio  9.5  to 
1;  shown  in  Figs.  1  and  2. 

Axle  D — Three-stage  double-reduction  type;  two 
stages  in  the  wheels;  ratio  112/3  to  1;  shown  in  Figs. 
3  and  4. 

Axle  E — The  same  axle  as  Axle  D,  but  equipped  with 
a  bevel  pinion  and  gear  for  a  ratio  of  13  1/3  to  1 ;  shown 
in  Figs.  3  and  4. 

Axle  F — An  "internal-gear"  type  axle;  ratio  9.605 
to  1 ;  shown  in  Fig.  5. 

Axle  G — An  "internal-gear"  type  axle  of  another 
make;  ratio  12.56  to  1;  shown  in  Fig.  6. 


-Another  View  of  the  Triple-Reduction  Axle  Shown  in 
Fig.  7 


Fig. 


-View  of  the  Triple-Reduction  Axle  with   All  Gears   in  a   Central  Housing 
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Fig.    9 — A   Triple-Reduction   Axle   Having   a  Ratio  of   9.4  3    to    1 

Axle  H — A  "triple-reduction"  type  axle  with  all 
gears  in  a  central  housing;  ratio  9.43  to  1;  shown  in 
Figs.  8  and  9. 

Although  the  double-reduction  type,  with  both  reduc- 
tions in  the  central  housing,  is  in  successful  commercial 
use,  it  was  not  presented.  Axles  D,  E  and  G  are  built 
only  with  the  ratios  stated,  and  manufacturers  were  un- 
able to  furnish  bevel  pinions  and  gears  to  bring  the  ratio 
within  the  range  specified.  The  axles  tested  were  all 
representative  of  their  type  and,  with  one  exception,  rep- 
resentative specimens  of  regular  production. 

Test  Methods  and  Equipment 

The  axle  tests  were  carried  out  in  the  dynamometer 
laboratory  of  the  automotive  powerplants  section  of  the 
Bureau  of  Standards  with  test  equipment  most  of  which 
was  specially  designed  and  constructed  for  the  purpose  as 
shown  in  Figs.  10,  11  and  12.  An  electric  cradle-dyna- 
mometer of  ample  capacity  used  as  a  motor  furnished  the 
power.  To  obtain  satisfactory  and  more  economical  op- 
eration at  low  propeller-shaft  speeds,  a  standard  Class-B 
Army-truck  transmission  was  used  between  the  dyna- 
mometer and  the  axles.  The  gear-ratios  in  this  trans- 
mission are  respectively  5.934,  3.237,  1.766  and  1  to  1. 

The  objectionable  influence  of  the  losses  in  the  trans- 
mission varying  with  the  speed,  the  load,  the  amount  and 
the  temperature  of  the  lubricant  and  the  condition  of 
wear  of  the  bearings  and  the  gears  was  eliminated  by 
rigidly  connecting  the  case  of  the  Class-B  transmission 


!  See    Transactions    ok   the    American    Society    of    Mechanical 
Engineers,  vol.   40,  p.   101. 


Fig.    10 — Side   View   of  the   Apparatus    with  "Which   the 
Described  in  the  Paper  Were  Conducted 


by  stout  braces  to  the  field  frame  of  the  cradle  dynamom- 
eter. A  rigid  coupling  connected  the  transmission  and 
the  dynamometer  shafts  and  the  outer  end  of  the  trans- 
mission case  was,  because  of  the  large  overhang,  given 
additional  support  in  a  ball  bearing  mounted  on  the  floor- 
plate.  A  beam  secured  to  the  transmission  case,  as 
shown  in  Fig.  11,  served  for  roughly  balancing  the  case. 
The  torque-arm  of  the  dynamometer  field-frame  thus  in- 
dicated the  axle  input-torque,  regardless  of  the  losses  in 
the  transmission.  The  balance  of  the  dynamometer  sys- 
tem was,  however,  measurably  influenced  by  the  quantity 
and  the  temperature  of  the  oil  in  the  transmission  and 
the  distribution  of  this  oil  as  governed  by  the  speed  and 
the  gear-ratios  used.  This  could  be  and  was  taken  care 
of  by  running  the  dynamometer  and  the  transmission 
disconnected  from  the  axle,  before  each  test,  at  the  speed 
and  the  gear-ratio  to  be  used,  and  noting  the  zero  posi- 
tion of  the  system  for  the  particular  set  of  conditions. 
Very  close  control  of  this  factor  was  obtained  by  first 
bringing  the  temperature  of  the  transmission  oil  to  the 
operating  temperature  and  again  checking  the  zero  posi- 
tion at  the  conclusion  of  each  day  or  after  each  run  with 
a  given  speed  or  gear-ratio. 

The  transmission  main-shaft  and  the  propeller-shaft 
of  the  test  axle  were  connected  by  two  flexible  couplings 
joined  by  a  very  short  shaft  splined  at  both  ends ;  ample 
flexibility  and  a  means  of  readily  disconnecting  the  axle 
resulted.  The  test  axle  was  mounted  on  two  steel  I-beams 
secured  on  and  overhanging  the  floor-plate  and  spaced  so 
that  the  axles  were  supported  under  the  spring-pads  and 
secured  by  heavy  bolts  as  shown  in  the  illustrations. 
These  I-beams  extended  past  the  dynamometer  and  car- 
ried at  their  far  ends  the  weighing  gear  taking  the  re- 
action of  the  brake-arms.  Prony  brakes,  substantially 
constructed  of  structural  steel,  were  used  to  absorb  the 
power.  A  uniform  surface  with  the  various  types  of 
wheel  was  obtained  by  mounting  on  them  standard  tire- 
rims  as  used  with  the  40  x  6-in.  solid  tires  and,  after  se- 
curing these  by  pins  and  welding,  machining  them  to  a 
smooth  surface.  Each  prony-brake  was  equipped  with  an 
upper  and  a  lower  pair  of  flexible  steel  brake-bands  lined 
with  standard  brake-lining  5  in.  wide.  The  tension  on 
each  brake  was  adjusted  by  one  heavy  bolt,  and  means 
were  provided  for  adjusting  and  equalizing  the  loads  on 
the  different  bands. 

Some  difficulty  was  experienced  at  first  with  the  lubri- 
cation of  these  brakes;  after  several  trials,  however, 
graphite  grease  was  found  very  satisfactory,  provided 
the  temperature  of  the  brakes  was  kept  within  the  limits 
shown  by  experience.  Even  then  the  small  size  of  the 
brakes  for  the  horsepower  absorbed  and  the  operating 
conditions  required  much  skill  for  satisfactory  continu- 
ous operation.  The  length  of  the  brake-arms,  more  than 
13  ft.,  combined  with  the  design  of  the  brakes,  reduced 
any  error  that  may  have  resulted  from  slight  changes  in 
the  location  of  the  brakes  on  the  wheels  during  the  tests. 
To  keep  the  speed  of  the  two  wheels  constant,  the  differ- 
entials were  locked  by  filling  them  with  a  soft  metal. 
Fig.  12  shows  the  cross-beams  with  the  knife-edge  sup- 
ports by  which  the  torque  of  the  two  brake-beams  is 
added.  To  facilitate  the  power  measurements,  the  method 
first  proposed  by  C.  M.  Allen  and  F.  W.  Roys  in  their 
paper  entitled  Efficiency  of  Gear  Drives,2  was  used.  The 
principle  of  this  method  consists  of  the  use  of  a  differen- 
tial beam  for  balancing  the  input-torque  against  the  out- 
put-torque. The  losses  are  balanced  by  an  adjustable 
rider-weight,  from  the  size  and  necessary  displacement 
of  which  the  transmission  losses  in  the  axle  are  computed. 

Referring  to  Fig.  13,  which  is  a  diagrammatic  sketch 
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Fig.  11 — End  View  of  the  Test  Apparatus  Showing  the  Beam 
That  Was  Secured  to  the  Transmission  Case  To  Act  as  a  Rough 

Balance 

of  the  test  equipment,  the  main  knife-edge  on  the  differ- 
ential beam  was  carried  in  a  separate  block  and  its  posi- 
tion could  be  altered  readily  to  change  the  ratio  of  the 
two  beam-ends  as  required  by  the  varying  reduction- 
ratios  of  the  several  axles.  The  differential  beam  was 
supported  by  the  weigh-beam  and,  from  the  net  indica- 
tion of  this,  the  input  was  calculated.  Counterweights 
were  provided  at  several  points,  and  two  simple  oil  dash- 
pots  to  dampen  oscillations  of  the  differential  beam  and 
the  upper  weigh-beam  were  located  as  shown.  The  heat 
generated  at  the  brakes  was  absorbed  by  water  fed  into 
the  hollow  of  the  wheel  rims,  as  shown  in  Fig.  10,  a  num- 
ber of  holes  being  provided  for  escape  of  the  steam.  A 
sprinkler  over  each  wheel,  fed  by  the  overhead  water- 


pipe  shown  in  Fig.  11,  served  for  the  further  control  of 
the  brake  temperature.  Two  additional  sprinklers,  one 
above  and  one  under  the  central  housing,  were  used  for 
cooling  the  sump  and  the  bearings  as  required.  The 
sump  temperature  was  raised  by  a  plumber's  pot  and  sev- 
eral blow-torches,  the  flame  of  which  was  covered  to  pre- 
vent local  overheating  of  the  sump.  The  temperature  of 
the  lubricant  was  observed  by  thermocouples  suitably 
located  in  the  axle  and  the  transmission.  No  particular 
difficulties  have  been  met  with  in  the  control  of  the  tem- 
peratures. The  use  of  two  brakes,  as  well  as  the  utilizing 
of  existing  material  and  finally  the  flexibility  required 
for  testing  the  various  types  of  axle,  resulted  in  a  rather 
large  number  of  parts.  The  whole  set-up,  however,  was 
well  made  and  functioned  well. 

Test  Procedure 

Each  axle  was  given  an  initial  inspection  to  insure  the 
proper  adjustment  of  the  gears  and,  where  possible,  of 
the    bearings    and    proper    condition    in    general.      The 
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Flexible  Coupling 
Fig.  13 — Diagrammatic  Sketch  of  the  Test  Equipment 

standard  brake-drum  equipment  was  left  on  all  axles  dur- 
ing the  tests;  the  brakes  themselves  were,  however,  re- 
moved to  avoid  any  possibility  of  their  rubbing  on  the 
drums.  All  thermocouples  were  projected  reasonably 
far  into  the  axle  housing  to  assure  their  being  immersed 
in  the  circulating  oil.  Each  axle  was  run  for  a  sufficient 
time  to  bed-in  the  bearings,  the  gears  and  the  worm,  to 
reduce  as  far  as  possible  any  changes  in  the  mechanical 
fits  during  the  tests.  In  these  preliminary  runs,  the 
axles  were  run  first  with  gradually  increasing  loads  and 
then  with  loads  up  to  about  50  hp.  at  a  speed  correspond- 
ing to  about  8.5  m.p.h.,  and  with  oil  temperatures  rang- 
ing up  to  100  deg.  cent.  (212  deg.  fahr.).  These  pre- 
liminary runs  aggregated  several  days  and  gave  an  op- 
portunity to  observe  such  changes  in  the  losses  as  usu- 
ally occurred  during  this  period;  the  losses  usually  de- 
creased somewhat  at  first.  The  best  load  conditions  and 
period  for  running-in  are  somewhat  difficult  to  determine. 
While  a  more  severe  load  or  a  longer  period  might  have 
improved  some  of  the  axles  slightly,  it  might  again  have 
unfavorably  affected  some  of  the  test  results. 

The  efficiency  tests  were  carried  out  at  speeds  corre- 
sponding as  nearly  as  convenient  to  road  speeds  of  15.0, 
12.5,  8.5,  4.5  and  2.5  m.p.h.,  based  on  40-in.  tires.  To 
ascertain  the  influence  of  the  viscosity  of  the  lubricant 
on  the  losses,  the  efficiency  tests  were  made  at  several 
oil-temperatures.  With  the  first  axle,  these  were  respec- 
tively 40  and  80  deg.  cent.  (104  and  176  deg.  fahr.).  It 
was  found,  however,  advisable  and  possible  to  extend  this 
range  and  all  other  axles  were  tested  at  40,  70  and  100 
deg.  cent.  (104,  158  and  212  deg.  fahr.)  temperatures  of 
the  lubricant.  The  lowest  of  these  figures,  while  con- 
siderably above  the  temperature  at  which  the  axles  must 
operate  at  times,  was  very  close  to  the  minimum   oil- 
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temperature  that  could  be  maintained  with  the  cooling 
arrangements  available.  Many  data  could  be  gathered, 
however,  at  temperatures  lower  than  40  deg.  cent.  (104 
deg.  fahr.)  ;  for  instance,  during  no-load  tests  and  with 
light  and  medium  loads  at  the  beginning  of  a  day's  run. 
It  thus  became  possible,  from  such  data  and  by  extrapola- 
tion, to  secure  with  at  least  a  very  fair  approximation  the 
performance  at  the  additional  temperature  of  20  deg. 
cent.  (68  deg.  fahr.).  Even  this  by  no  means  covers  the 
conditions  frequently  met  in  winter  operation.  Two  fac- 
tors must,  however,  be  kept  in  mind ;  first,  that  the  vis- 
cosity of  the  lubricant  used  in  the  tests  is  very  high  at 
low  temperatures  and  that  it  may  therefore  be  advisable 
in  such  a  case  to  use  a  lubricant  of  lower  viscosity  and, 
second,  that  in  operation  at  low  temperatures  the  losses 
will  increase  the  temperature  somewhat  rapidly. 

Reference  is  made  here  to  a  feature  frequently  noticed ; 
it  is  that  during  the  first  period  of  a  day's  run  when  the 
oil  temperature  was  low,  the  losses  gradually  decreased 
from  a  value  higher  than  that  corresponding  to  the  same 
temperature  when  equilibrium  was  reached.  The  ex- 
planation of  this  is  probably  a  higher  lubricant-tempera- 
ture between  the  working  surfaces  and  a  redistribution 
of  the  lubricant  when  equilibrium  conditions  have  been 
reached. 

An  oil  temperature  of  100  deg.  cent.  (212  deg.  fahr.) 
may  seem  excessive  and  beyond  the  range  met  in  actual 
operation.  A  moment's  consideration  of  the  operating 
conditions  in  the  Southwestern  States,  where  air  tem- 
peratures of  50  deg.  cent.  (122  deg.  fahr.)  or  more  are 
met,  will,  after  making  allowance  for  the  temperature- 
rise  that  may  readily  result  from  unfavorable  operating 
conditions,  show  that  a  lubricant  temperature  of  100  deg. 
cent.  (212  deg.  fahr.)  is  not  only  within  the  range  of 
possibility,  but  may  even  be  exceeded.    The  temperature- 
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Fig.    14 — Curve   Showing   the   Relation   Between   the  Tempera- 
ture and   the   Viscosity   of   the   Transmission   Lubricant   Used 


rise  of  the  lubricant  will,  of  course,  depend  on  the  mag- 
nitude of  the  losses,  the  outside  temperature  and  the  heat- 
dissipating  capacity  of  the  structure.  Data  on  the  tem- 
perature-rise at  constant  load  were  obtained  by  tests  at 
high  and  at  low  speeds  with  a  constant  power  transmis- 
sion of  about  50  hp. 

In  view  of  possible  changes  in  the  axle  condition,  it 
was  found  advisable  to  add  tests  to  check  the  losses  ob- 
served during  the  main  tests;  this  was  done  for  one 
lubricant-temperature  at  high  and  at  low  speed,  as  will 
be  seen  from  the  test  program.  Each  axle  was  finally 
submitted  to  a  low-speed  test  with  high  torque,  at  ap- 
proximately 2.5  m.p.h.,  and  this  was  designated  as  "en- 
durance run"  and  continued  in  periods  of  5  hr.  daily  un- 
til breakdown  occurred  or  was  clearly  imminent.  This  run 
would  perhaps  be  called  more  properly  a  "durability"  run. 
It  permits  a  fair  estimate  of  the  durability  as  regards 
both  the  mechanical  wear  and  the  efficiency  of  power 
transmission,  these  being  related  to  each  other.  Owing 
to  the  differences  in  the  ratios  of  the  various  axles,  to 
the  fact  that  the  conditions  of  this  test  differ  so  much 
from  what  is  met  in  actual  service  and  for  other  reasons, 
the  periods  elapsing  before  breakdown  occurred  should 
not  be  taken  as  a  direct  measure  of  their  relative  endur- 
ance or  capacity.  They  promised,  however,  to  be  of  as- 
sistance in  estimating  to  some  extent  the  durability  and 
to  yield  in  addition  data  of  value  to  the  designer,  not  only 
in  comparing  the  various  axles  with  each  other  but  in 
demonstrating  the  relative  strength  or  durability  of  the 
various  component  parts  of  a  given  axle,  particularly 
under  severe  service  conditions.  The  information  se- 
cured might  thus  point  the  way  to  improvement  of  the 
particular  axle  as  a  whole,  by  disclosing  any  weak  links. 

TEST  PROGRAM 

(1)  Preliminary  power-runs  at  8.5  m.p.h.  and  at 
temperatures  up  to  100  deg.  cent.  (212  deg.  fahr.). 

(2)  Efficiency  tests;  (a)  at  8.5  m.p.h.  and  at  tem- 
peratures of  40  and  70  deg.  cent.  (104  and  158  deg. 
fahr.)  ;  (6)  at  12.5  m.p.h.  and  at  40  and  70  deg.  cent. 
(104  and  158  deg.  fahr.)  ;  (c)  at  15.0  m.p.h.  and  at  40, 
70  and  100  deg.  cent.  (104,  158  and  212  deg.  fahr.)  ; 
(rf)  at  4.5  m.p.h.  and  at  40  and  70  deg.  cent.  (104  and 
158  deg.  fahr.)  ;  (<?)  at  2.5  m.p.h.  and  at  40,  70  and  100 
deg.  cent.  (104,  158  and  212  deg.  fahr.);  and  (/)  a 
short  run  at  1.7  m.p.h.  and  at  70  deg.  cent.  (158  deg. 
fahr.). 

(3)  A  temperature-rise  run  at  15  m.p.h.  with  a  con- 
stant load  of  about  50  hp. 

(4)  A  check-run  at  70  deg.  cent.  (158  deg.  fahr.) 
and  speeds  of  (a)  15  m.p.h.  and  (6)  2.5  m.p.h. 

(5)  No-load  tests  at  several  speeds  and  oil-tempera- 
tures. 

(6)  An  "endurance"  run  at  2.5  m.p.h.  with  constant 
load  of  about  50  hp.  with  an  observation  of  the  tem- 
perature-rise in  periods  of  about  5  hr.  each  day  until 
breakdown  occurred  or  was  clearly  imminent. 

All  speeds  given  in  this  program  are  in  round  figures; 
the  actual  speeds  as  shown  in  the  records  of  each  axle 
vary  slightly  with  each  axle-ratio.  Various  reasons  caus- 
ing departures  from  this  general  program  are  given  in 
the  Appendix.  For  any  given  speed,  tests  at  the  lower 
temperatures  were  usually  made  first,  and  the  exceptions 
to  this  are  shown.  In  all  tests  except  the  no-load  tests, 
the  minimum  load  was  governed  by  and  kept  slightly  in 
excess  of  that  resulting  from  the  weight  of  the  brakes. 
In  efficiency  tests  at  a  given  speed  and  oil-temperature, 
readings  were  taken  at  from  five  to  seven  different  loads 
ranging  from  this  minimum  to  the  maximum  applied  and 
were  repeated  at  the  same  loads  while  descending. 

The  procedure  was  to  set  the  weigh-beam,  from  which 
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the  differential  beam  is  suspended,  to  the  figure  repre- 
senting the  desired  load;  when,  after  correcting  the 
brakes  and  the  speed  as  required,  the  adjustment  of  the 
rider  weight  on  the  differential  beam  indicated  a  condi- 
tion of  equilibrium,  the  first  reading  was  taken.  After  a 
3-min.  additional  application  of  the  same  load,  the  sec- 
ond observation  was  made  and  the  brakes  were  adjusted 
for  the  next  load.  During  most  of  the  tests,  the  inter- 
vals between  the  second  reading  at  one  load  and  the  first 
reading  at  the  next  load,  was  2  min.  The  maximum  load 
was  applied  longer,  so  that  at  least  three  readings  cover- 
ing a  period  of  5  min.  were  obtained.  The  no-load  tests 
were  made  during  the  latter  part  of  the  series  to  assure 
the  axles  being  well  run-in  at  the  time.  Test  tempera- 
tures were  controlled  within  a  few  degrees  of  the  nominal 
figure.  In  some  cases  at  low  test-speeds,  the  indications 
of  the  thermocouples  showed  a  slight  lag. 

Lubricant 

Government-specification  transmission-lubricant3  was 
used  in  all  of  the  axles  tested  and,  to  keep  this  strictly 
uniform  throughout,  the  Motor  Transport  Division  fur- 
nished the  Bureau  1  bbl.  of  this  material.  The  relation 
of  the  temperature  to  the  viscosity  of  a  sample  of  this  oil 
is  shown  in  Fig.  14.  In  view  of  the  high  viscosity  at 
temperatures  below  40  deg.  cent.  (104  deg.  fahr.)  and 
the  difficulty  of  obtaining  these  with  accuracy,  this  part 
of  the  curve  must  be  taken  as  being  approximate  only. 
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Losses    Plotted   Against  the  Oil    Temperature   at  the  Highest 

and  the  Lowest  Speeds 

The  oil  level  in  each  axle  was  checked  daily,  and  lubricant 
was  added  when  necessary.  As  all  tests  were  made  with 
identical  lubricant,  the  temperature  of  the  latter  is  re- 
ferred to  throughout ;  it  is  of  course  understood  that  the 
corresponding  viscosity  of  the  lubricant  and  not  the  tem- 
perature governs  the  variation  in  the  results,  except  as 
changes  in  temperature  may  affect  fits  and  clearances. 

Results 

The  test  results  have  been  analyzed  to  show  the  respec- 
tive influence  of  power,  torque,  speed,  temperature  of  the 
lubricant  and  no-load  losses.  The  consistency  of  the  re- 
sults is  better  than  was  anticipated  in  view  of  the  many 
factors  affecting  the  behavior  of  an  axle  as  a  whole.  The 
limited  scope  of  this  paper  does  not  permit  the  presenta- 
tion of  all  the  data  obtained  with  the  axles  tested.  The 
data  presented  have,  however,  been  selected  with  a  view 
to  demonstrating  as  clearly  as  possible  the  characteristic 
features  of  the  types  as  shown  by  Axles  B,  D,  F,  G  and  H. 
Summaries  of  the  results  obtained  in  the  tests  of  these 
five  axles  are  plotted  in  Figs.  15  to  34. 

In  studying  these  results,  it  is  well  to  consider  the 
losses  as  made  up  of  no-load  losses  and  "load"-losses. 
The  no-load  losses  consist  of  the  power  expended  for  the 
necessary  circulating  and  unnecessary  churning  of  the 
lubricant,  the  friction  in  the  bearings  and  between  the 
gear  teeth  when  not  transmitting  useful  load,  the  wind- 
age of  the  wheels  and  the  brake-drums  and  a  few  smaller 
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items  that  need  not  be  considered.  The  load  losses  are 
due  to  the  useful  power  transmitted  to  the  wheels,  and 
result  from  the  corresponding  increase  in  the  tooth  and 
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Pig.    17 — Relation-    between-    the    Maximum    and    the    Minimum 
No-Load  Losses  Expressed  as  Torque  and  the  Speed  at  Oil  Tem- 
peratures of  20  and -100  Deg.  Cent.   (68  and  212  Deg.  Fahr.) 

the  bearing  friction.  The  additional  wheel-bearing  losses 
resulting  in  road  service  under  a  truck  and  the  increase 
in  other  bearing  and  gear  losses  that  may  result  in  such 
service  could  not  be  taken  into  account  in  this  investiga- 
tion. Such  additions  may,  however,  under  unfavorable 
conditions  become  more  marked  with  one  or  another  axle. 

The  no-load  losses  are  plotted  in  Figs.  15  and  16,  and 
increase  materially  with  increasing  viscosity  and  speed. 
If,  as  plotted  in  Figs.  17  and  18,  these  losses  are  ex- 
pressed as  torque,  we  see  that  the  increase  is  largely  the 
result  of  the  method  of  circulating  the  lubricant.  At  the 
high  temperature,  the  torque  loss  increases  but  slightly 
with  an  increase  in  speed;  on  the  other  hand,  a  decreas- 
ing temperature  results  in  an  increase  in  these  no-load 
losses  in  conformity  with  the  rise  in  the  viscosity. 

Comparing  the  no-load  losses  in  the  different  axles,  for 
any  speed  or  temperature  at  which  the  oil  losses  are  of 
any  moment,  it  is  found  that  Axles  B  and  H  show  lower 
values  than  Axles  D,  F  and  G.  In  Axle  B  the  relatively 
slowly  revolving  worm-gear  and  differential  and  in  Axle 
H  the  final  spur-gears  on  the  axle  shafts  are  the  only 
parts  immersed  in  the  sump  pool  in  the  central  housing. 
This  clearly  accounts  for  the  lower  oil-losses  compared 
with  the  other  axles  in  which  the  bevel  rings  and  the 
differentials  rotate  at  much  higher  speeds,  and  the  cir- 
culation of  the  lubricant  in  the  wheels  causes  additional 


losses.  The  oil  in  the  wheel  would,  at  least  at  the  higher 
speeds,  tend  to  rotate  with  the  wheel  in  a  ring  at  the  cir- 
cumference of  the  internal-gear  chamber.  The  end  of 
the  jackshaft  with  its  pinion  projects  into  this  ring  of  oil 
of  a  high  viscosity  at  low  temperatures  and  prevents  the 
orderly  progress  of  the  lubricant ;  the  power  loss  thus  oc- 
casioned may  be  smaller  with  grease  if  a  part  of  the 
lubricant  adheres  to  the  wall  of  the  chamber  away  from 
the  pinion,  as  it  may  do,  particularly  at  low  temperatures. 
Additional  obstructions  in  the  wheel  chamber  as  found  in 
Axle  D  in  the  intermediate  pinion  and  its  supports  may 
add  to  the  losses.  That  the  loss  caused  by  the  circulation 
of  the  lubricant  in  the  wheel  is  considerable  is  clearly 
shown  in  the  Appendix.  The  distribution  of  the  lubri- 
cant in  the  central  housing,  as  influenced  by  construc- 
tional features  and  speed  and  other  smaller  factors  that 
need  not  be  gone  into  here,  may  have  an  influence  on  the 
losses  to  be  ascribed  to  the  lubricant. 

To  obtain  some  data  on  the  no-load  losses,  runs  were 
made  with  Axle  H  with  several  oil-levels.  The  regular 
tests  of  this  axle  had  been  made  with  3  gal.  in  the  sump, 
this  unusual  amount  being  required  because  of  the  large 
volume  of  the  housing.  Fig.  19  shows  the  no-load  losses 
as  observed  with  3  gal.  of  oil  at  four  temperatures  over 
the  range  of  test  speeds,  as  well  as  the  losses  at  20  deg. 
cent.  (68  deg.  fahr.)  with  varying  amounts  of  oil.  The 
dotted  curve  shows  that  the  no-load  losses  without  lubri- 
cant in  the  central  housing  were  constantly  higher  than 
with  3  gal.  of  oil  at  70  deg.  cent.  (158  deg.  fahr.) 

Oil  Temperature, deg. fahr. 
86     104-      122     140       158     176 


40       SO      60      70 
Oil  Temperature,  dec?,  cent- 

Fig.   is — The  Maximum   and  the  Minimum   No-Load  Losses  Ex- 
pressed as  Torque  Plotted  Against  the  Oil  Temperatures  at  the 
Highest  and  Lowest  Speeds 
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A  study  of  the  load  losses  expressed  as  power  shows 
that  these  increase  with  the  power  input  and  at  an  in- 
creasing rate.  There  is  a  fair  similarity  in  the  axles  of 
the  gear  type,  but  the  worm  type  shows  a  materially 
greater  increase  in  these  losses  with  an  increasing  input 
than  any  of  the  gear-type  axles.  The  viscosity  of  the 
oil,  however,  has  no  influence  on  the  load  losses.  These 
features  can  be  seen  readily  in  Fig.  20.  Two  apparent 
exceptions  relating  in  Fig.  20  to  Axle  B  are  not  fully 
understood.  The  observed  values  are  slightly  lower  for 
70  deg.  cent.  (158  deg.  fahr.)  than  for  either  40  or  100 
deg.  cent.  (104  or  212  deg.  fahr.).  Further  reference  to 
this  is  made  in  the  Appendix.  The  load  losses  in  Fig.  20 
also  show  an  increased  rate  of  growth  with  an  increasing 
load  and  for  a  given  power  input  with  a  decreasing  speed. 

Speed  of  40- in  Tire ,  m.p  h . 
Z      4       h      8       10      12     14      16 


0     200     400     600     800     1000    1200    1400    1600    1800 
Speed  of  Propeller  Shaff/.p.m. 

Fig.   19 — Curves  of  the  No-Load  Losses  at  Different  Propeller 
Shaft  Speeds  and  Four  Different  Temperatures  of  the  Lubri- 
cant 

If  the  load  losses  expressed  as  torque  are  plotted 
against  the  torque  input,  we  obtain  Fig.  21  which  shows 
clearly  the  similarity  among  the  gear-type  axles  and  the 
separate  position  of  the  worm  type,  in  which  these  losses 
are  not  only  greater  over  the  whole  range  of  the  input 
torque,  but  increase  more  rapidly  with  an  increasing 
torque.  That  neither  the  temperature  nor  the  speed  has 
any  material  influence  on  the  load  losses  is  clear  from 
the  fact  that  all  points  fall  on  or  very  close  to  the  curves 
plotted.  As  the  ratios  of  these  axles  differ,  comparison 
on  the  basis  of  the  torque  input  and  loss  is  not  entirely 
permissible.  However,  Fig.  21  shows  the  input  torque, 
representing  for  each  axle  a  wheel  torque  of  161,500 
lb-in.  when  the  losses  in  the  axle  are  ignored.  The  cor- 
responding torque-loss  has  been  converted  into  a  horse- 
power loss  at  a  wheel  speed  of  2.5  m.p.h.  in  each  case, 
thus  establishing  a  better  basis  for  comparison.     The 
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Fig.  20 — The  Difference  Between  the  Total,  and  the  No-Load 
Losses  Plotted  against  the  Oil  Temperature!  with  a  Varying 
Horsepower    Input    at    the    Highest    and    the    Lowest    Speeds 

total  losses  for  the  various  axle  types  then  represent  the 
sum  of  these,  widely  and  independently  varying  no-load 
and  "load"  losses. 

Summaries  of  the  total  losses  and  the  corresponding 
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Fig.   21 — Curves   Showing  the   Relation   between   the  Load 
Losses  and  the  Torque  Input 
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20       25       JO      35 
Input,  hp 

Fig.  22 — Summary  of  the  Total  Losses  and  the  Corresponding 
Efficiencies  of  the  Five  Axles  at  a  Speed  of  15  M.P.H.  and  Oil 
Tkmperatures  of  20  and  100  Deg.  Cent.    (68  and  212  Deg.  Fahr.  ) 

efficiencies  for  the  five  axles  at  15.0  and  at  2.5  m.p.h.  are 
plotted  in  Figs.  22  and  23  respectively.  The  influence  of 
the  viscosity  of  the  lubricant  is  greatest  at  high  speeds 
and  can  be  seen  best  in  Fig.  22.  The  relation  of  the 
losses  at  high  and  at  low  speeds  for  the  oil  temperatures 
of  100  and  20  deg.  cent.  (212  and  68  deg.  fahr.)  is  seen 
most  readily  in  Figs.  24  and  25. 


10       15       20       ?S      30       35       40      45       50     55 
Input,  hp. 

Fig.  23 — Summary  of  the  Total  Losses  and  the  Corresponding 
Efficiencies  of  the  Five  Axles  at  a  Speed  of  2.5  M.F.H.  and  Oil 
Temperatures  of  20  and  100  He.;.  Cent.    (6S  and  212  Deg.  Fahr.) 


The  change  in  the  total  losses  with  the  temperature 
for  a  5  and  a  55-hp.  input  at  high  and  at  low  speed  is 
plotted  in  Fig.  26.  In  Figs.  27  and  28,  we  have  plots 
illustrating  more  conveniently  the  ratio  between  the 
total  and  the  no-load  losses  and  the  influence  of  the  speed 
on  these  losses  and  their  relation  to  each  other.  The 
upper  curve  of  each  pair,  as  indicated,  represents  the 
total   loss;   the   distance  between  the  curves   of  a   pair 


0        5        RT~  15      20       25       30      35       4-0      45       50      55 
Input,  hp 

Fig.  24 — The  Relation  between  the  Losses  and  the  Efficiencies 
of  the  Five  Axles  at  High   and   Low   Speeds   and  an   Oil  Tem- 
perature of   100   Deg.  Cent.    (212  Dbg.  Fahr.) 
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Fig."  25 — Curves    of   the    Losses    and    Efficiencies   of   the  Five 

Axles  at  High  and  Low  Speeds  and  an  Oil  Temperature  of  20 

Deg.  Cent.    (6S  Deg.  Fahr.) 
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shows  the  no-load  loss.  The  changes  in  the  losses  due  to 
the  varying  influence  of  the  no-load  and  the  load  losses, 
as  well  as  the  preponderance  of  one  or  the  other  of 
these  for  varying  speed  and  load,  are  found  readily  here; 
also,  the  wide  differences  as  between  axles  and  the  very 
unsatisfactory  balance  that  certain  axles  show  in  the  rela- 
tion of  the  no-load  to  the  load  losses. 

In  Fig.  29,  each  axle  is  represented  by  two  curves 
showing  the  power  loss  as  changing  with  the  input 
torque,  for  high  speed  in  conjunction  with  low  tempera- 
ture and  for  low  speed  with  high  temperature,  respec- 
tively. For  the  axle  covered,  these  curves  are  the  limit- 
ing lines  between  which  the  values  for  all  other  combina- 
tions fall.  The  power  loss  for  torque  inputs  of  500, 
10,000   and   17,000   Ib-in.   as   governed   by  the   speed   is 
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Fig.   26 — The  Change  in   the  Total  Losses  for  Inputs  of  5  and 

55     Hp.    at    High    and    Low    Speeds    Plotted    against    the    Oil 

Temperature 

plotted  in  Fig.  30.  The  maximum  and  minimum  losses 
and  efficiencies  for  each  axle,  including  all  five  test- 
speeds  and  temperatures  of  20,  40,  70  and  100  deg.  cent. 
(68,  104,  158  and  212  deg.  fahr.),  are  plotted  in  Fig.  31. 
It  is  interesting  to  note  here  the  similarity  in  losses  and 
the  range  covered  by  the  three  axles  with  lubricant  in 
the  wheels.  The  high  limit  of  the  losses,  being  at  high 
speed  and  20  deg.  cent.  (68  deg.  fahr.),  is  closely  similar; 
the  low-limit  lines  spread  considerably  for  the  higher 
loads.  The  wide  difference  between  Axles  B  and  H  is 
also  noticed  at  once. 

The  loss  and  the  efficiency  curves  of  any  one  axle,  as 
shaped  by  various  influences,  cross  to  such  an  extent 
that  it  becomes  more  convenient  to  use  for  a  comparison 
the  means  of  the  losses  and  the  efficiencies  combined  for 
individual  or  for  several  temperature  and  speed  condi- 
tions. Such  a  combination  is  given  in  Fig.  32;  the  curves 
include  all  five  speeds  from  15.0  to  2.5  m.p.h.     One  set 
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Speed  of  Propeller  Shaf+,r.p.rn 

Fig.    27 — Curves    of    the    Total,    and    No-Load    Losses    Plotted 

against  the   Propeller-Shaft   Speed   at  an  Oil  Temperature  of 

100  Deg.  Cent.    (212  Deg.  Fahr.) 
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Fig.  2S — Relation  between   the  Total  and  No-Load  Losses  and 

the    Influence    of    the    Speed    upon    These   Losses    at    an    Oil 

Temperature  of  20  Deg.  Cent.   (6S   Deg.  Fahr.) 
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The  temperature-rises  at  the  time  when  equilibrium  is 
reached  range  fairly  well  with  the  losses.  It  will  be 
noted  that  in  Axle  A  the  temperature-rise  at  the  rear 
bearing  is  closely  similar  to  that  in  the  sump  under  these 
operating  conditions.  In  Axle  B,  however,  the  rise  at 
the  bearing  is  somewhat  less  than  in  the  sump.  This 
will  be  referred  to  in  connection  with  the  endurance  run. 
During  this  test  with  Axle  C  a  number  of  stoppages  oc- 
curred, caused  by  interruptions  in  the  electric  power- 
supply  ;  but,  as  these  did  not  affect  the  result  materially, 
the  test  was  continued. 


TABLE  1 — TEMPERATURE-RISE  RUN  AT  15  M.P.H. 


FlO. 


29 — Losses  of  the  Five  Axles  Plotted  against  the  Torque 
Input  at  Different  Speeds  and  Two  Oil  Temperatures 


shows  the  means  for  the  four  temperatures,  20,  40,  70 
and  100  deg.  cent.  (68,  104,  158  and  212  deg.  fahr.) ;  the 
other  set  includes  only  the  last  three  temperatures. 

Table  1  shows  the  data  obtained  during  the  tempera- 
ture-rise runs  for  all  of  the  axles.  The  losses  and  the 
temperature-rises  for  five  axles  are  plotted  in  Fig.  33. 
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Fig.  30 — Relation  between  the  Power  Losses  at  Varying  Torque 
Inputs   and  Oil  Temperatures  and  the  Speed 
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The  results  of  the  endurance  run  are  shown  in  Table 
2  and  the  losses  and  the  temperature-rises  for  five  axles 
are  plotted  in  Fig.  34.     A  remarkably  rapid  rise  in  the 
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Fig.  31 — Curves  of  the  Maximum  and  Minimum  Efficiencies  of 

the    Five    Axles    at     Five    Different    Speeds    and    Four     Oil 

Temperatures 

oil  temperature  in  the  Class-B  axles  A,  B  and  C  will  be 
noted.  In  axle  A,  this  applies  particularly  to  the  rise 
observed  at  the  rear  bearing,  which  is  lubricated  by  the 
oil  coming  from  the  worm.  In  Axles  B  and  C,  the  tem- 
perature-rise at  the  bearing  is  considerably  less  than  in 
the  sump.  The  explanation  of  this  lies  in  the  course  taken 
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Fio.  32 — Summary  of  the  Mean  Losses  and  Efficiencies  of  the 
Five    Axles    for    Five    Different    Speeds    and    Four    Oil    Tem- 
peratures 

by  the  oil  after  leaving  the  worm,  where  it  is  heated; 
most  of  the  oil  from  the  worm  returns  directly  into  the 
sump,  causing  a  more  rapid  temperature-rise  at  this 
point.  The  greater  length  occupied  by  the  bearings,  and 
the  greater  heat-dissipating  capacity  of  the  larger  hous- 
ing-end, further  account  for  the  lower  temperature  ob- 
served at  this  point  during  this  run  and  the  temperature- 
rise  run. 


■m  -e  ioo 

;  n6  -f  80 

;      .a" 

MO  f  feO 


f  104.    g_40 

E 


Temperature  Corves 


Cdr 


im^t 


ISO.     180     210     240    270     J0O    350 
Time,  min 

Fig.  33 — Curves  of  the  Horsepower  Losses  and  the  Temperature 

Rises   for   the   Five   Axles    with    an    Input   of   Approximately 

50  Hp.  at  the  Highest  Speed 

In  Axles  D.  E.  F  and  G,  the  distribution  of  the  losses 
as  between  the  central  housing  and  the  two  wheels  would 
be  expected  to  result  in  a  smaller  temperature-rise  com- 
pared with  axles  in  which  practically  all  the  loss  is  con- 
centrated in  the  central  housing.  A  lower  rise  of  the 
sump  temperature  for  a  similar  loss  can  be  expected  in 
those  axles  in  which  a  part  of  the  loss  takes  place  in  the 
wheels.  The  variations  in  the  operating  conditions  dur- 
ing the  endurance  runs  with  several  of  the  axles  are  ex- 
plained in  the  Appendix. 

Possibilities  of  Improvement 

It  is  evident  that  the  use  of  a  lubricant  with  a  lower 
viscosity  at  low  temperatures  would  tend  to  improve  the 


efficiency  of  Axles  D,  F  and  G,  under  the  more  unfavor- 
able conditions  of  temperature  and  speed.  Such  a  lubri- 
cant would  also  be  of  aid  in  Axle  H,  though  there  is  less 
room  for  such  improvement  in  that  case.  With  a  knowl- 
edge of  the  viscosity  of  such  a  lubricant  as  compared 
with  that  used  here,  the  means  of  the  losses  shown  in 
Fig.  32  will  be  of  assistance  in  estimating  the  improve- 
ment that  might  be  expected  in  such  a  case,  with  any  of 
the  axles  tested.  Of  course,  it  is  understood  that  any 
such  lubricant  would  have  to  be  no  less  efficient  at  the 
higher  temperatures  and  the  heavier  pressures  occurring 
at  the  larger  input-torque  values.     Another  feature  that 
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150      180     210     240     2T0    300    330 
Time,  mi  n. 

Fig.   34 — Results  of  the  Endurance  Run  at  Low  Speed  and  an 
Input  of  Approximately  50  Hp. 


TABLE  2 — ENDURANCE  RUN  AT  2.5  M.P.H.* 


Input 

Time 

Temperature 

Total 

Time, 

Oil 

Room 

Rise 

Full 

Hp. 

Tor- 
que, 
Lb- 
In. 

Hr. 

Min. 

Load 

< 

Deg. 
Cent. 

Deg. 
Fahr. 

Deg. 
Cent. 

Deg. 
Fahr. 

Deg. 
Cent. 

Deg. 
Fahr. 

223.2 
664.2 

Hr. 

\  1 
13 

12 
•9 

21 

13 

}  8 

23 

J 

Min 

A 

f 

48.0 
48.0 
50  0 

50.0 

50  (I 
.ill  li 

50.0 

50.0 
50.0 
50.0 
47.0 
47.5 

51  0 
51  0 
55 .0 
49  5 
49  5 
52.0 
II  5 
47.0 
49.0 
49 .0 
51  5 
51  5 
51.5 

15,000 

15,000 
15.600 

15,600 

15,600 
16,600 

15,600 

15,600 
8,500 
8,500 
10.700 
10,800 
11,600 
11,600 
12,400 
15,500 
15,500 
16  .200 
10,750 
11,400 
15.300 
15,300 
16,000 
16,000 
16,000 

1 

4 

5 

3 

4 

5 

3 
5 
4 
5 
5 
4 
4 
2 
5 
5 
3 
4 
4 
5 
5 
5 
2 

6 

40( 

00 
20 

mi 

00 

2(1 

i 

10 

45 

5 

5 
20 
10 
30 
00 
00 
50 
.'III 
00 
on 
00 
00 
10 
20 

Sump 
Bearing 

Sump 
Bearing 

Sump 
Bearing 

140 
385 

284 
725 

20 
20 

68.0 
68.0 

124 
369 

r40- 

B  | 

293 
162 

559.4 
323.6 

23 
23 

73.4 
73.4 

287 
140 

516.6 
252.0 

::o 

cl 

303 
186 

577.4 
366.8 

24 
24 

75.2 
75.2 

281 
164 

505.8 
295.2 

40 

D\ 

84 

183.2 

28 

82.4 

78 

140.4 

55 

1 

110 

230.0 

30 

86.0 

82 

147.6 

F,   • 

89 

192.2 

20 

68.0 

73 

131.4 

50 

93 

199  4 

24 

75.2 

75 

135.0 

30 

87 

188.6 

25 

77.0 

64 

115.2 

»■ 

30 

\ 

«Foi  Axle  D,  the  speed  was  3.79  m.p.h. 
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suggests  itself  as  capable  of  improvement  is  the  means 
used  for  circulating  the  lubricant;  the  present  method 
appears  at  the  higher  speeds  and  viscosity  to  be  an  ex- 
ceedingly unsatisfactory  one  from  the  viewpoint  of  effi- 
ciency. It  seems  somewhat  doubtful  whether  it  is  desir- 
able to  direct  a  large  volume  of  the  oil  from  the  worm 
to  the  bearings.  The  latter  might  be  provided  for  better 
by  a  smaller  quantity  of  oil  of  lower  temperature  deliv- 
ered directly  from  the  sump.  A  generous-sized  central- 
housing,  assuring  an  ample  supply  of  lubricant  without 
necessitating  deep  immersion  of  revolving  parts,  would 
be  an  advantage. 

Some  improvement  no  doubt  can  be  made  in  the  worm- 
type  axle  by  greater  accuracy  and,  possibly,  by  a  modifi- 
cation of  the  materials  and  the  design.  The  inherent 
character  of  the  worm  gear  may  even  then  stand  in  the 
way  of  sufficient  improvement  to  meet,  at  least  within 
the  limitations  dictated  by  the  requirements  of  Army 
service,  the  lower  load-losses  shown  by  the  gear-drive 
axles  in  these  tests.  It  is  also  a  question  whether,  in 
actual  service,  the  attention  that  seems  essential  for  the 
most  efficient  operation  of  a  heavy-duty  worm-drive,  can 
be  had.  While  the  losses  resulting  from  a  high-viscosity 
lubricant  are,  as  found  here,  not  as  objectionable  as  in 
several  of  the  other  axles,  the  worm  drive  requires  more 
than  the  gear  drive  a- lubricant  that  is  able  to  stand-up 
under  the  very  highest  pressures;  for  the  wear  and  the 
scoring  of  the  worm  gears  in  the  endurance  runs  leaves 
no  doubt  that  the  oil-film  breaks-down  under  these  con- 
ditions. 

In  using  the  results  described  in  this  paper,  it  must 
be  remembered  that  this  investigation  covered  only  a 
limited  field  and  only  heavy-duty  truck-axles  of  5-ton 
capacity.  The  general  lessons  learned  are,  nevertheless, 
capable  of  application  in  a  wider  field.  The  axles  tested 
were  of  types  that  had  proved  useful  for  commercial 
trucks,  although  not  all  such  types  were  represented. 
Within  each  type,  the  axles  tested  were  of  designs  that 
had  proved  or  recommended  themselves  sufficiently  to 
justify  their  commercial  production  by  manufacturers 
of  prominence  and  experience.  The  worm-type  axle  was 
the  joint  product  of  the  most  experienced  designers  and 
manufacturers  in  the  field,  and  it  was  designed  especially 
for  the  severe  conditions  of  Army  service ;  this,  however, 
limited  the  worm  gear  to  proportions  that  were  not  the 
best  for  most  efficient  operation.  On  the  other  hand,  the 
axles  tested  do  not  each  represent,  necessarily,  the  most 
efficient  that  can  be  produced  of  each  type ;  nor  do  the  re- 
sults obtained  permit  the  conclusion  that,  in  axles  of 
different  capacity  although  apparently  similar  design,  the 
same  relations  of  efficiency  necessarily  will  prevail.  Me- 
chanical efficiency  finally  is  but  one  of  several  features, 
a  compromise  among  which  is  necessary  for  every  axle. 
It  is,  however,  a  very  important  feature. 

It  is  hoped  that  the  results  of  this  investigation  will, 
in  addition  to  forwarding  the  development  of  efficient 
axles  for  Army  use,  prove  of  value  to  the  automotive  in- 
dustry generally.  These  are  the  two  objects  that  ani- 
mated the  Motor  Transport  Division  in  requesting  the 
Bureau  of  Standards  to  undertake  this  work. 

Summary 

The  investigation  covered  a  number  of  heavy-duty 
truck-axles  representing  the  several  types  in  successful 
use.  In  analyzing  the  results  of  the  tests  it  was  found 
possible  to  separate  the  losses  into  no-load  losses  and 
load  losses,  the  total  loss  being  the  sum  of  these  two.  In 
general,  the  no-load  losses  were  controlled  primarily  by 
the  viscosity  and  the  method  of  application  of  the  lubri- 


cant. They  were  greater  in  those  axles  in  which  the 
parts  rotating  at  high  speeds  were  immersed  most  com- 
pletely in  the  lubricant.  Where  a  separate  body  of  lubri- 
cant was  used  in  the  wheels,  the  losses  were  increased 
still  further.  In  a  given  axle,  these  losses  also  increased 
with  an  increase  in  the  viscosity  of  the  lubricant,  and 
with  the  propeller-shaft  speeds.  The  load  losses,  ex- 
pressed as  torque,  were  practically  independent  of  the 
speed  and  of  the  viscosity  and  the  method  of  application 
of  the  lubricant.  They  increased,  however,  with  an  in- 
crease of  the  torque  input  and  at  an  increasing  rate.  In 
the  case  of  the  several  Class-B  worm-type  axles  tested, 
the  increase  in  the  load  losses  with  an  increased  torque- 
input  was  greater  than  with  any  of  the  gear-type  axles. 

The  use  of  a  lubricant  of  a  lower  viscosity  at  low  tem- 
peratures would  improve  the  mechanical  efficiency  under 
the  more  unfavorable  conditions  of  speed  and  tempera- 
ture and  would  seem  advisable.  Such  a  lubricant  should, 
however,  be  no  less  efficient  than  that  used  in  the  tests 
at  the  higher  temperatures  and  the  heavy  pressures  re- 
sulting from  the  high  torque-values.  Improvement  in 
the  method  for  circulating  the  lubricant  is  suggested  as 
desirable  by  the  results,  as  the  high  no-load  losses  of 
some  of  these  axles  show  the  present  method  of  circula- 
tion to  be  very  inefficient.  The  characteristic  difference 
between  the  worm-drive  and  the  gear-drive  types  is 
demonstrated  by  the  greater  load-losses  of  the  former 
type. 

APPENDIX 

This  appendix  serves  as  a  record  of  such  mechanical 
particulars  of  the  .axles  as  are  of  interest  in  connection 
with  this  paper,  of  deviations  that  occurred  from  the 
regular  test  program  and  of  other  features  of  interest  in 
a  study  of  the  results.  The  reasons  that  led  to  the  selec- 
tion of  Axle  B  to  represent  the  worm  type  in  the  sum- 
mary are  explained  also. 

Class-B  Army  Axles 

In  general,  the  axle  and  the  additional  worm  and  dif- 
ferential-carrier assemblies  furnished  the  Bureau  were 


TABLE  3 SPECIFICATIONS  FOR  THE   WORM   AND  GEARS 


Worm : 

1,T- 

tf  and 

4 

1    1562 

Pitch  Diameter,  in.   . 

Lead,  in. 

Lead  Angle,  deg..  min. 
Pressure  Angle,  deg.    .  . 

Material 

Depth  of  Carbonization 

in, 

ads 
Scl 

3  2630 
4.6230 
24      llj 
30 
S.A.E.  No.  3120 
Steel 

70  to  83 

Hardness  of  Remainder, 

?rescope 

40  to  50 

Worm  Gear: 

Number  of  Teeth 

Pitch  Diameter,  in 

3S 

13  985 

14  655 

Copper,  per  cent 

Tin,  per  cent    

sq. 

Best   Grade   of 

( iear  Bronze, 

('lulled  Castings 

89 

11 

70  to  95 

new  parts  taken  from  the  Motor  Transport  Division 
stock  at  its  Camp  Holabird,  Md.,  depot  and  can  be  fairly 
taken  as  representative  material.  Sectional  views  of 
this  axle  are  shown  in  Fig.  1,  while  Fig.  2  shows  the 
worm  assemblies  as  used  with  ball  bearings  in  Axles 
B  and  C,  respectively.  The  specifications  for  the  worm 
and  gears  are,  in  the  main,  as  stated  in  Table  3.  The 
same  housing,  wheels  and  wheel  bearings  were  used  for 
all  the  Class-B  axles  tested. 
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The  Motor  Transport  Division  had  available  a  con- 
siderable supply  of  worm  housings,  equipped  with  ball 
bearings,  considered  an  alternative  standard,  shown  in 
the  upper  portion  of  Fig.  2,  and  requested  the  testing  of 
an  axle  thus  equipped,  Axle  B,  to  secure,  if  possible,  a 
comparison  with  the  same  type  of  axle  with  tapered-roller 
bearings  that  has  constituted  the  primary  standard  de- 
sign. Axle  A.  In  view  of  the  increasing  use  of  annular 
ball  bearings  in  place  of  ball-thrust  washers  and  their 
lower  cost  and  the  smaller  number  of  parts,  one  axle  thus 
equipped,  Axle  C,  shown  in  the  lower  portion  of  Fig.  2, 
was  also  included  among  those  tested. 

Axle  A 

This  standard  Class-B  Army-truck  axle  was  equipped 
throughout  with  tapered-roller  bearings.  A  thermo- 
couple for  observing  the  temperature  of  the  sump  oil 
was  inserted  through  the  drain-plug.  A  second  thermo- 
couple projected  through  a  hole  drilled  in  the  rear-end 
cover-plate  of  the  worm  housing  into  the  space  behind 
the  rear  bearing  so  as  to  register  the  temperature  of 
the  oil  where  it  leaves  the  cored  duct,  carrying  it  from  a 
trough  next  to  the  worm  to  the  rear  bearing.  This  bear- 
ing, in  addition  to  supporting  the  radial  load  on  this  end 
of  the  worm  shaft,  takes  the  whole  worm-thrust  in  for- 
ward operation.  As  this  axle  was  the  first  one  tested, 
the  test  program  differed  from  that  described  earlier  in 
several  respects.  The  efficiency  tests  were  made  only  at 
40  and  80  deg.  cent.  (104  and  176  deg.  fahr.),  and  no 
tests  were  made  at  12.5  or  1.7  m.p.h.  The  check-runs 
were  made  at  80  deg.  cent.  ( 176  deg.  fahr.)  and  the  losses 
at  no-load  were  not  ascertained. 

Axle  B 

This  Class-B  Army-truck  axle  was  equipped  with  sin- 
gle-row annular  ball-bearings  for  the  radial  support  of 
the  worm;  the  thrust  was  taken  by  double  ball-thrust 
washers,  mounted  as  shown  in  the  upper  portion  of  Fig. 
2.  The  differential  was  carried  in  tapered-roller  bear- 
ings of  a  type  differing  from  those  in  Axle  A.  One 
thermocouple  was  inserted  through  the  drain-plug  into 
the  sump,  while  a  second  thermocouple  projected  through 
the  rear-end  cover-plate  of  the  worm  housing,  as  in- 
dicated in  Fig.  8,  and  was  located  >  ^  in.  behind  the  rear 
ball-thrust  washer.  The  latter  bearing  takes  the  thrust- 
load  in  forward  operation.  The  test  program  differed 
from  the  one  described  in  the  following  details:  No  test 
was  made  at  12.5  m.p.h.,  but  the  efficiency  tests  at  8.5 
and  at  4.6  m.p.h.  were  made  at  all  three  temperatures. 
The  check-run  was  made  only  at  15.0  m.p.h.  and  at  100 
deg.  cent.   (212  deg.  fahr.). 

Axle  C 

In  this  otherwise  standard  Class-B  Army-truck  axle, 
the  worm  was  supported  by  three  single-row  annular 
ball-bearings  of  the  same  type  and  size  used  in  Axle  B 
for  the  radial  load.  These  bearings  are  mounted  in  the 
manner  shown  in  the  lower  portion  of  Fig.  2 ;  the  fits  and 
the  clearances  of  the  rear  bearings  provide  that  one  of 
these  can  take  only  the  radial  load  and  the  other  only  the 
thrust.  The  use  of  the  standard  housing  necessitated  the 
addition  of  the  bushings  and  spacers  shown.  The  differ- 
ential was  carried  in  tapered-roller  bearings  of  the  same 
type  as  used  in  Axle  A.  The  location  of  the  thermo- 
couples was  similar  to  that  in  Axle  B,  one  thermocouple 
being  inserted  through  the  drain-plug  and  the  other  at 
the  rear  of  and  about  JL>  in.  from  the  thrust  bearing. 
The  test  program  differed  from  the  one  described  in  the 
following   details.      Efficiency   tests    at   8.5   m.p.h.   were 


made  at  all  three  test-temperatures,   but  no  tests  were 
made  at  12.5  m.p.h. 

Axle  D 

Axle  D,  shown  in  Figs.  3  and  4,  is  of  three-stage 
"double-reduction"  gear-drive  type.  The  central  housing 
contains  the  bevel-gear  reduction  and  the  differential, 
the  bevel  gears  having  respectively  16  and  40  teeth  of 
4  pitch  and  the  differential.  The  axle  shafts  passing 
centrally  through  the  load-bearing  axle-housing  each 
carry  at  the  wheel-end  a  12-tooth  spur-gear  pinion  that, 
through  one  intermediate  drive-pinion  with  22  teeth 
engaging  with  a  56-tooth  internal-gear  ring  in  each 
wheel,  transmits  the  power  to  the  wheel.  All  wheel 
gears  are  31  2  pitch.  The  axle  ratio  is  11  2  3  to  1,  and 
the  axle  is  regularly  employed  in  a  well-known  5-ton 
truck  equipped  with  an  engine  giving  a  maximum  torque 
of  about  2180  lb-in.  with  the  low-gear  transmission- 
ratio  employed,  4.1  to  1.  This  results  in  a  maximum 
input-torque  at  the  axle  of  not  exceeding  8500  lb-in. 

When  considering  the  test  results  and  certain  devi- 
ations from  the  standard  test-program,  it  must  be  kept 
in  mind  that  the  manufacturer  in  making  this  axle 
available  for  tests  did  not  represent  it  as  meeting  the 
requirements  of  the  Class-B  Army-truck  as  covered  by 
the  specification  given  in  Table  3. 

The  bearing  equipment  of  this  axle  consists  of  single- 
row  annular  ball-bearings,  with  the  exception  of  a  ball- 
thrust  washer  for  the  bevel-gear  thrust  and  one  spiral- 
roller  bearing  in  each  of  the  intermediate-drive  pinions 
where  the  space  is  very  limited.  Two  thermocouples  were 
inserted  into  the  differential  housing,  one  entering 
through  the  sump  drain-plug;  the  second  thermocouple, 
used  as  a  check,  entered  through  the  oil  filler-plug  at  the 
rear  and  extended  into  the  body  of  the  housing. 

The  test  program  differed  from  the  one  described  in 
the  following  details.  No  test  was  made  at  12.5  m.p.h. 
The  endurance  run  with  input  of  50  hp.  was  made  at  a 
speed  of  3.8  m.p.h.,  corresponding  to  8500  lb-in.  of 
torque,  thus  representing  respectively  the  maximum 
power  and  torque  conditions  that  can  be  imposed  by  the 
engine  and  the  low  gear-ratio  with  which  it  is  used. 
This  results,  if  the  losses  are  ignored,  in  a  torque  of 
just  under  100,000,  lb-in.  at  the  wheels.  As  the  axle 
had  not  been  tested  previously  at  this  speed,  an  efficiency 
test  at  3.8  m.p.h.  was  made  for  checking  purposes,  just 
preceding  the  endurance  run.  During  the  progress  of 
the  endurance  run,  the  Motor  Transport  Division  re- 
quested that  efficiency  tests  also  be  made  with  this  axle 
equipped  with  a  different  bevel  pinion  and  gear  for  a 
total  axle-ratio  of  13  1/3  to  1.  The  endurance  test  was 
therefore  discontinued  after  two  5-hr.  periods  at  full 
load  to  prevent  a  possible  failure  or  more  severe  wear 
of  the  other  parts  for  which  no  spares  were  available. 

Axle  E 

This  is  a  similar  axle  to  Axle  D,  but  fitted  with  a  new 
bevel  pinion  and  gear  of  respectively  14  and  40  teeth 
of  pitch  4  for  a  total  axle-reduction  of  13  1/3  to  1, 
together  with  new  pinion-shaft  bearings.  All  else  was 
left  as  before.  The  particulars  given  under  Axle  D  in 
regard  to  the  maximum  input-power  for  which  this  axle 
is  used  by  its  manufacturer  apply  here  as  well. 

In  view  of  the  tests  made  with  Axle  D,  the  schedule 
for  the  present  axle  was  limited  to  a  3-hr.  run  at  8.1 
m.p.h.  with  up  to  23-hp.  input,  followed  by  a  2-hr.  run  at 
2.5  m.p.h.  with  a  similarly  increasing  power-input.  Then 
followed  efficiency  tests  at  15  m.p.h.  with  the  oil  tem- 
perature at  40,  70  and  100  deg.  cent.   (104,  158  and  212 
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TABLE  4 AVAILABLE   DATA  COMPARED   WITH   THE  RESULTS 

FOR  AXLE  D;  SIMILAR  SPEED  AT  THE  PROPELLER-SHAFT 


Propeller-Shaft 

Speed, 

High, 

1.500 

Low 

263 

1         to] 

i    1 

Speed,  m.p.h 

13  4 

15  3 

2  2fi 

2  58 

10 

Power  Loss.  HP. 

1    98 

2.06 

ii  58 

: 

Input,  hp 

2  64 

2  62 

1.95 

2  05 

50 

3   44 

3  51 

4.02 

4    lrt 

Input  Torque ,  \ 

500 

2.03 

2  08 

Ib-in. 

1    (Hill 

2   15 

2  43 

2,000 

3  33 

;  38 

Input  Torque, 

2  000 

Ib-in. 

6,000 

1   47 

1   55 

12,000 

3.80 

deg  fahr.)  and  at  2.5  m.p.h.  at  40  and  100  deg.  cent. 
(104  and  212  deg.  fahr.).  The  endurance  test  then  com- 
pleted the  series. 

For  the  endurance  run,  the  operating  speed  con-re- 
sponded to  2.48  m.p.h.  and  the  first  two  5-hr.  periods 
were  made  with  a  power  input  of  47.5  hp.,  corresponding 
to  10,700  lb-in.  of  torque.  Taking  into  account  the  axle 
ratio  of  13  1/3  to  1  and  ignoring  the  losses,  the  wheel 
torque  figures  143,000  lb-in.  as  compared  with  100,000 
lb-in.  for  Axle  D. 

The  limited  efficiency-tests  permit  a  comparison  of  the 
influence  resulting  from  the  change  in  the  gear-ratio. 
The  available  data  can  be  compared  with  the  results 
for  Axle  D  on  the  basis  of  either  similar  speed  at  the 
propeller-shaft  or  at  the  wheels.  The  values  stated  in 
Tables  4  and  5  are  obtained  by  reducing  the  data  in 
both  of  these  ways. 

From  Table  4,  it  is  seen  that,  on  the  basis  of  propeller- 
shaft  speed  in  revolutions  per  -minute  for  either  the 
same  horsepower  or  torque-input,  the  power  losses  do 
not  vary  much.  Assuming  the  same  wheel-speeds  as  in 
Table  5,  the  power  losses  are  higher  for  the  13  1.  3  to 
1  axle-ratio  for  any  given  input-torque,  and  increase  at 
a  greater  rate  with  an  increasing  horsepower-input  at 
the  low  gear-speeds. 

Axle  F 

Axle  F,  illustrated  in  Fig.  5  is  another  representative 
of  the  internal-gear  type  and  manufactured  for  com- 
mercial trucks  of  5-ton  rating. 

The  cast  housing,  containing  a  bevel  pinion  and  a  gear 
of  respectively  19  and  35  teeth  of  3V2  pitch  and  the 
differential,  is  located  in  front  of  the  forged  dead-axle. 
The  jackshaft  pinions  of  14  teeth  of  4  5  pitch  engage 


TABLE  5 — AVAILABLE  DATA   COMPARED   WITH    THE   RESULTS 
FOR  AXLE  D;  SIMILAR  SPEED  AT  THE  WHEELS 
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Ib-in. 

00 

1   i 

i 
2  95 

- 
2  43 

4    12 

- 

Input  Torque,, 
lb-in 1 

L2  000 

O.fiO 

1   711 

94 

with  internal-gear  rings  with  73  teeth.  The  gear  ring 
departs  from  the  more  usual  practice  by  being  welded 
to  a  spider,  the  hub  of  which,  in  turn,  is  bolted  to  the 
wheel  hub.  The  total  reduction  ratio  is  9.60.  The  bearing 
equipment  is  as  follows:  The  pinion-shaft  support  con- 
sists of  one  single  and  one  double-row  annular  ball- 
bearing; the  differential  is  carried  in  two  double-row 
ball-bearings.  A  single-rowT  annular  ball-bearing  is 
mounted  next  to  the  jackshaft  pinion,  and  each  wheel 
is  carried  on  two  double-row  ball-bearings.  The  housing 
does  not  extend  in  the  usual  manner  to  the  wheels,  but 
stops  near  the  spring-pads  where  its  ends  are  carried 
in  spherical  seated  brackets  for  the  purpose  of  relieving 
the  strains  otherwise  set  up  by  the  distortion  of  the 
dead  axle.  Two  torque  braces  prevent  any  rotation  of 
the  housing.  This  axle  is  designed  for  the  use  of  oil 
instead  of  grease  in  the  wheels,  the  design  being  modified 
with  this  in  view.  The  standard  test-lubricant  was 
therefore  used  in  the  wheels  as  recommended  by  the 
axle  manufacturer.  Two  thermocouples  projected  re- 
spectively through  the  sump  drain-plug  and  the  oil  filler- 
hole  in  the  rear  of  the  housing.  The  test  progi-am  was 
regular  in  all  respects. 

Axle  G 

Axle  G  is  an  internal-gear  type  in  regular  production 
and  is  in  use  in  commercial  5-ton  trucks,  as  is  shown 
in  Fig.  6.  The  cast  housing  carrying  the  bevel  pinion 
and  a  gear  of  respectively  16  and  39  teeth  of  4  pitch 
is  located  in  front  of  the  forged  dead-axle.  The  jack- 
shaft  pinions  of  13  teeth,  4  pitch,  engage  with  the  in- 
ternal-gear rings  with  67  teeth.  The  total  axle-ratio 
is  12.56  to  1.  The  manufacturer  was  unable  to  furnish 
the  necessary  parts  for  an  axle  ratio  different  from  this. 

The  bearing  equipment  is  as  follows :  The  pinion  shaft 
is  carried  on  one  spiral-roller  bearing  and  one  double- 
row  annular  ball-bearing;  the  differential  is  carried  by 
two  spiral-roller  bearings  each  backed  by  a  ball  thrust- 
washer;  the  pinion  end  of  the  jackshaft  has  a  spiral- 
roller  bearing;  the  wheels  are  each  mounted  on  one 
cylindrical  solid-roller  and  one  double-row  annular  ball- 
bearing. Two  thermocouples  were  inserted  into  the 
differential  housing,  one  entering  the  sump  through  the 
drain-plug;  the  other,  used  as  a  check,  was  inserted 
through  a  pipe-plug  in  an  inspection-hole  in  the  front 
of  the  central  housing.  As  this  axle  is  designed  for 
the  use  of  grease  for  lubricating  the  internal  gears,  a 
heavy  graphite  grease,  Dixon  No.  680,  was  used  in  line 
with  the  recommendation  of  the  axle  manufacturer. 

The  test  program  was  the  standard  one  except  for  a 
modification  of  the  load  in  the  endurance  run  on  account 
of  the  different  axle-ratio.  Although  guaranteed  for 
a  maximum  torque-input  of  20,000  lb-in.  with  the  ratio 
of  12.56  to  1,  this  ratio,  higher  than  the  range  of  interest 
to  the  Army,  might  be  lowered  readily  by  the  substitu- 
tion of  a  different  bevel  pinion  and  gear.  The  axles 
with  ratios  within  the  desired  range  were  loaded  during 
the  endurance  run  with  about  90  per  cent  of  the  specified 
maximum  torque-input  of  17,000  lb-in.  The  manufac- 
turer of  this  axle  furthermore  listed  an  optional  ratio 
of  10  to  1,  though  he  had  not  found  any  call  for  it. 
It  was  found  that,  if  the  test  axle  with  a  ratio  of  12.56 
to  1  were  subjected  to  about  11,000  lb-in.  of  input  torque, 
the  gears  would  on  the  average  be  loaded  to  closely 
the  same  average  amount  as  would  be  the  case  with  90 
per  cent  of  17,000  lb-in.  of  torque  applied  to  this  axle 
if  equipped  with  a  ratio  of  10  to  1;  the  bevel  pinion 
would  then  carry  about  5  per  cent  overload  and  all  other 
gears   would   be    underloaded   about    12   per  cent.     The 
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wheel  torque  would  be  about  5  per  cent  less  than  that 
of  the  axles  with  9.5  ratios  during  the  similar  tests. 

Axle  H 

Axle  H,  a  triple-reduction  type  with  all  gears  located 
in  the  central  housing,  differs  considerably  in  design 
from  the  more  conventional  types  as  seen  from  the  sec- 
tional views  in  Figs.  7,  8  and  9.  In  single-reduction- 
type  axles  with  bevel  or  worm  drive,  it  is  the  general 
practice  to  locate  the  differential  on  the  axle  shafts, 
although,  in  a  few  cases,  it  has  been  placed  on  the  pri- 
mary shaft.  In  the  internal-gear  and  in  some  double- 
reduction  axles  having  all  gears  in  the  central  housing, 
the  differential  is  on  the  secondary  shaft.  One  of  the 
principal  features  of  Axle  H  lies  in  the  location  of  the 
differential  on  the  primary  shaft. 

Two  spur-gear  reductions  13  to  23  teeth,  4/5  pitch, 
to  the  first  intermediate  shafts  are  followed  by  bevel 
drives  of  18  to  36  teeth  of  the  same  pitch  between 
these  and  the  second  intermediate  shafts  and  the  final 
spur-gear  drives  with  12  and  32  teeth,  3/4  pitch,  to  the 
axle  shafts.    The  total  axle-ratio  is  9.44  to  1. 

The  bearings  throughout  were  annular  ball-bearings 
of  the  single  and  double-row  types,  the  latter  being  used 
where  thrust  loads  occur.  Two  thermocouples  were 
used  in  the  central  housing,  one  projected  through  the 
drain-plug  and  the  other,  used  as  a  check,  was  inserted 
through  one  of  the  cover  bolts  in  the  right  front  corner 
of  the  housing  and  reached  about  half-way  down.  The 
test  program  differed  but  slightly  from  that  already 
described.  In  view  of  the  slight  change  in  the  losses 
with  the  oil  temperature  at  the  lower  speeds,  the  tests 
at  4.5  and  2.5  m.p.h.  were  made  at  40  and  at  100  deg. 
cent.    (.104   and  212   deg.   fahr.). 

Explanatory  Notes 

It  is  desired  to  record  and  explain  a  few  departures 
from    the   observed    values    of    the   losses    in   the   plots 
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Fie.  3."> — Curves  of  the  Losses  in  Axle  D  at  a  Speed  of  15  M.P.H. 
and  an  Oil  Temperature  of  40   Deo.  Cent,    i  li>4   Deg.  Fahr.) 
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Fig.    36 — Curves   of  the  Losses  and  the  Efficiencies  of  Three 

Worm-Drive  Axles  at  the  Highest  and  Lowest  Speeds  and  an 

Oil  Temperature  of  40  Deg.  Cent.    (.104  Deg.  Fahr.) 

presented.  In  some  cases  the  spread  between  losses 
observed  at  the  different  temperatures  is  larger  at  the 
heavy  than  at  the  lighter  loads.  As  stated  earlier,  the 
tests  at  each  speed  were  made  first  at  the  lowest  tem- 
perature used.  As  this  was  the  first  occasion  that  the 
axle  was  subjected  to  the  high  torque-values  applying 
in  the  area  of  the  increased  spread,  it  is  reasonable  to 
suppose  that  the  losses  would  decrease  more  in  subse- 
quent applications  of  the  heavy  torque,  at  higher  tem- 
peratures, than  appears  justified  by  the  reduction  in  the 
no-load  losses  resulting  from  the  change  in  the  tempera- 
ture of  the  lubricant. 

A  few  other  cases  at  high  power-input  and  low  speed 
show  a  greater  loss  at  100  deg.  cent.  (212  deg.  fahr.) 
than  at  lower  temperature.  This  was  at  first  accepted 
as  resulting  from  a  breakdown  of  the  oil-film,  as  might 
be  expected  at  very  heavy  pressures.  Such  a  break- 
down may  possibly  explain  a  part  of  these  apparent  in- 
consistencies; however,  consideration  of  a  number  of 
these  cases  and  the  order  in  which  the  tests  were  made 
seems  to  indicate  that  the  explanation  given  above  holds 
good  in  these  cases  also. 

A  good  demonstration  of  the  magnitude  of  the  losses 
caused  by  the  oil  in  the  wheels  is  found  in  a  case  where 
a  change  in  these  losses  during  a  test  seemed  to  warrant 
an  adjustment. 

In  Fig.  35,  four  curves  are  shown  for  the  losses  in 
Axle  D  at  15  m.p.h.  and  40  deg.  cent.  (104  deg.  fahr.) 
oil  temperature.  The  upper  of  the  two  curves  drawn 
with  long  dashes  shows  the  losses  observed  while  the 
power  input  was  being  increased;  the  similar  lower 
curve  represents  the  readings  with  a  decreasing  load. 
The  wide  variation  seen  is  due  to  a  change  in  the  tem- 
temperature  of  the  lubricant  in  the  wheels ;  when  the  first 
observations  were  taken,  this  temperature  was  well  be- 
low 40   deg.   cent.    (104   deg.   fahr.).     As  the   test  pro- 
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gressed,  it  was  increased  by  the  heat  generated  by  the 
prony  brakes  so  that,  when  the  loss  at  high  loads  was 
observed  and  while  decreasing  the  load,  it  was  consider- 
ably above  the  nominal  test-temperature  of  40  deg.  cent, 
i  104  deg.  fahr.).  As  a  result  the  losses  in  the  wheels 
were  markedly  reduced.  The  full-line  curve  drawn  as 
the  mean  of  the  two  observed  curves  is,  however,  too 
low  for  the  higher  values  of  power  input;  therefore, 
the  dotted  curve  probably  represents  closely  the  actual 
losses  with  the  wheel  oil  at  40  deg.  cent.  ( 104  deg.  fahr.). 
Curves  plotted  later  of  the  losses  in  relation  to  the  tem- 
peratures confirm  the  correction  as  a  fair  estimate. 

Similar  changes  in  the  loss,  but  of  smaller  magnitude, 
occurred  at  lower  speed  until,  in  conformity  with  the 
small  no-load  losses  at  very  low  speeds,  they  were  not 
traceable.  The  other  axles  with  the  lubricant  in  the 
wheels  also  showed  such  changes  but  to  a  less  extent. 
The  latter  is  probably  due  in  Axle  F  to  the  fact  that 
the  oil  chamber  is  less  closely  connected  with  the  wheel 
casting  than  in  Axle  D;  in  Axle  G,  on  the  other  hand, 
the  use  of  grease  instead  of  oil  may  account  for  the 
less  marked  changes. 

Where  the  observed  values  have  been  departed  from, 
the  adjustments  made  are  considered  as  qualitative 
rather  than  quantitative.  The  original  plots,  covering 
individual  axles  and  available  to  those  interested,  show 
both  the  observed  losses  and  the  adjustments  made 
during  the  course  of  the  tests. 

Changes  in  Axle  Condition 

The  changes  occurring  in  axle  condition  during  the 
preliminary  runs  result  in  some  reduction  of  the  losses, 
in  the  worm  type  of  axle,  it  was  found  that  the  re- 
duction in  loss  might  be  15  per  cent  or  more  for  medium 
and  higher  loads  at  8.5  m.p.h.  In  the  gear  drive,  the 
reduction  was  found  to  be  very  much  less.  The  change 
decreased  as  the  preliminary  tests  -  progressed.  The 
first  application  of  a  higher  torque  during  the  main 
tests  at  the  lower  speeds  resulted  in  an  apparent  ad- 
justment to  this  new  load-condition  and  sometimes,  also, 
in  a  slight  further  improvement  at  lighter  loads.  As 
a  result,  in  some  check-runs  made  after  the  efficiency 
tests  at  all  speeds  had  been  completed,  a  slightly  lower 
loss  than  in  the  main  test  was  observed  for  the  higher 
speeds;  for  the  lower  speeds,  the  change  was  in  most 
cases  so  small  that  it  might  be  accounted  for  in  other 


ways  and  in  some  instances  there  was  a  slight  increase 
in  the  loss. 

Selection  of  Axle  B 

The  reasons  for  selecting  Axle  B  to  represent  the 
worm  type  in  the  discussion  of  results  will  be  clear  from 
the  following  explanations.  In  the  tests  of  Axles  A,  B 
and  C,  the  variation  in  the  worm-gear  losses  was  so 
wide  that  no  reliable  comparison  of  the  varying  bearing- 
equipment  could  possibly  be  obtained.  The  changes 
taking  place  in  the  worm  gears  in  these  tests  preclude 
the  use  of  the  same  set  for  different  bearing  equipment. 
The  variation  as  between  these  three  axles  as  seen  in 
Fig.  36  was  so  great  that  a  number  of  worms  and  gears 
taken  from  Army  stock  were  measured  carefully  and 
records  of  their  operation  taken  on  a  Saurer  gear-test- 
ing machine  by  the  gage  section  of  the  Bureau.  Two 
other  sets  later  used  in  special  tests  in  a  Class-B  axle 
were  checked  similarly.  Variations  in  the  measurements 
were  found  which,  it  seems,  should  be  avoided  to  assure 
the  most  efficient  worm-drives.  Hardness  tests  were 
made  on  five  worms  used  in  the  tests,  as  well  as  on  three 
worm-gears ;  but  these,  as  well  as  chemical  analyses  made 
of  four  gear-rings  and  wear  tests  made  on  an  Amsler 
wear-and-friction  testing-machine  with  discs  cut  from 
four  of  the  gear  rings,  seem  to  indicate  that  these  dif- 
ferences in  the  hardness,  the  composition  and  the  wear- 
ing quality  probably  had  less  influence  on  the  results 
than  the  accuracy  of  workmanship  and  adjustment.  The 
last-named  was  made  with  far  more  care  than  could  be 
expected  in  service,  but  it  is  not  possible  to  assure  an 
entirely  equal  adjustment  in  the  several  axles;  and,  if 
made  without  any  load,  the  adjustment  will  be  lost  when 
power  is  applied  and  the  contact  between  the  worm  and 
the  gear  will  change.  From  the  foregoing,  it  would  seem 
that  little  reliance  can  be  placed  on  any  comparative 
efficiency  tests  of  similar  axles  equipped  with  different 
bearings  when  subjected  to  loads  of  a  relative  magnitude 
similar  to  full-torque  operation  of  these  Class-B  Army- 
axles. 

The  selection  of  Axle  B,  with  its  higher  efficiency,  to 
represent  the  worm-drive  type,  is  made  with  a  view  to 
giving  the  type  the  benefit  of  any  doubt.  The  ball  bear- 
ings, although  not  used  in  the  majority  of  these  axles 
in  service,  are  a  second  standard,  and  the  worm  and 
the  gear  are  fully  representative  standard  stock  and 
possibly  even  better  than  the  average. 


AUTOMOBILE  FATALITIES 


THE  number  of  automobiles  in  use  in  this  country  has 
increased  five-fold  since  1915,  but  the  number  of  auto- 
mobile fatalities  has  but  little  more  than  doubled.  The 
education  of  the  motorist  and  the  pedestrian  alike,  the  more 
stringent  regulation  of  traffic  and  the  institution  of  safety 
campaigns  have  helped  to  pull  down  the  ratio  of  automobile 
fatalities  to  automobiles  in  use.  Thus  the  death  rate  per 
10  000  automobiles  registered  was  24.0  in  1915,  18.2  in  1917, 
15.5  in  1918,  12.0  in  1920,  11.9  in  1921  and  11.6  in  1922. 
Despite  these  comforting  indications  the  fact  remains  that 
automobile  fatalities  are  increasing  in  actual  number  at  the 
rate  of  1000  a  year. 

The  Interstate  Commerce  Commission's  bulletins  show  the 
following  automobile  highway  grade-crossing  casualties  for 
the  years  1919,  1920  and  1921,  based  upon  the  reports  made 
to  the  Commission  by  the  railroads: 


Year 

Killed 

Injured 

1919 

1,232 

3,558 

1920 

1,273 

3,977 

1921 

1,262 

4,025 

The  analysis  of  501  fatal  accidents  and  1000  non-fatal 
accidents  that  occurred  in  Massachusetts  during  1922  showed 
the  following: 

Cause  Fatal  Non-Fatal 

Motorist  at  Fault  347  826 

Pedestrian  at  Fault  121  134 

Motorcyclist  at  Fault  18  24 

Others  at  Fault  35  38 

Speed  caused  158  of  the  fatal  accidents  and  361  of  the 
non-fatal  accidents. — National  Bureau  of  Casualty  and 
Surety  Underwriters. 
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Discussion  of  Papers  at  the  Chicago 

Service  Meeting 


THE  discussion  of  the  papers  presented  at  the  recent 
Chicago  Service  Meeting  was  submitted  to  the  au- 
thors and  the  discussors  for  revision  and  further 
comment  and  is  published  herewith.  For  the  convenience 
of  the  members,  a  brief  abstract' of  each  paper  precedes 


the  discussion,  with  a  reference  to  the  issue  of  The 
Journal  in  which  the  paper  appeared,  so  that  members 
who  desire  to  refer  to  the  complete  text  as  originally 
printed  and  the  illustrations  that  appeared  in  connection 
therewith  can  do  so  with  a  minimum  amount  of  effort. 


SERVICE  AND  ITS  RELATION  TO  THE  INDUSTRY 


BY  OTIS  C.  FUNDERBURK 


AFTER  outlining  the  ideas  regarding  the  success  of 
a  service-station  which  the  author  had  when  he 
entered  the  service  industry,  such  as  a  convenient  loca- 
tion and  consistent  newspaper  advertising,  the  24-hr. 
service  that  his  organization  is  prepared  to  furnish 
for  Ford  cars  is  described  briefly.  The  methods  em- 
ployed in  getting  service  work  on  Lincoln  cars  by  the 
use  of  circular  and  personal  letters  are  commented  on 
briefly,  it  being  pointed  out  that  January  and  Febru- 
ary are  now  two  of  the  best  months  in  the  year  as 
regards  the  amount  of  service  work  performed  instead 
of  being  dull.  The  importance  of  a  modern  tool-equip- 
ment and  the  careful  selection  of  the  personnel  for  a 
service-station  are  mentioned,  emphasis  being  laid  upon 
the  fact  that  in  a  service  organization  the  men  should 
have  a  fundamental  education  for  their  work. 

A  number  of  pieces  of  special  equipment  that  have 
been  purchased  from  outside  manufacturers  or  devel- 
oped by  the  author's  own  organization  are  illustrated 
and  described.  Among  the  latter  are  an  inclined  plat- 
form for  raising  the  front  end  of  the  car  when  work 
has  to  be  done  on  the  engine  from  underneath,  a  special 
spark-synchronizing  device  and  a  rig  for  relining 
brakes.  The  importance  of  having  a  thoroughly  com- 
petent floor-man  to  meet  the  customer  and  write  the 
repair  order  is  emphasized ;  and  a  brief  description  of 
the  method  of  handling  work  in  the  shop  is  given  to- 
gether with  an  outline  of  the  road-test  that  is  made 
of  all  jobs  that  necessitate  any  change  in  the  running- 
gear  of  the  engine.  The  importance  of  delivering  the 
car  to  the  owner  on  time,  clean  and  free  from  tool- 
marks  is  pointed  out. 

The  flat-rate  system  of  service  charges  receives  con- 
sideration, the  author  being  of  the  opinion  that  eventu- 
ally practically  all  maintenance  work  will  be  handled 
on  that  basis.  The  way  in  which  the  flat  rates  charged 
by  his  service-station  were  arrived  at  are  outlined 
briefly.  An  indication  of  the  way  in  which  cost  data 
on  an  operation  are  secured  and  distributed  among 
the  various  accounts  completes  the  paper;  [Printed  in 
the  March  1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

Chairman  Clyde  Jennings: — Maintenance  is  the  big- 
gest part  of  the  biggest  industry  in  this  Country.  When 
gaged  by  the  number  of  people  employed  and  by  the  turn- 
over, it  is  bigger  than  car  building.  The  figures  of  1922 
show  that  about  $2,000,000,000  worth  of  new  cars  was 
sold  at  retail  and  I  believe  that  further  investigation 
will  show  that  the  turnover  on  the  maintenance,  parts, 
labor  and  the  like  was  about  $5,000,000,000.  Mainte- 
nance has  been  largely  a  correlation  of  the  automotive  in- 


dustry, but  things  are  changing  rapidly  and,  instead  of 
being  a  correlation,  I  think  'maintenance  will  be  one  of 
the  main  supports.  It  helps  to  give  the  dealer  in  cars  a 
well-rounded  business;  it  gives  him  something  that  goes 
ahead.  It  is  not  unusual  for  a  dealer  not  to  sell  a  car  for 
a  week,  but  anyone  who  has  been  in  a  service-station  will 
agree  that  a  week  does  not  pass  without  calls  for  the 
service  department. 

Automotive  engineers  have  been  a  trifle  slow  in  taking 
this  up,  for  what  we  might  call  a  selfish  reason  on  their 
part.  If  some  of  them  had  been  looking  toward  their 
own  financial  benefit,  they  would  have  seen  years  ago 
that  the  big  thing  in  the  industry  is  service;  that  it  was 
a  growing  business  and  that  the  designing  of  cars  is  not 
a  growing  business  to  the  same  extent.  I  have  no  wish 
to  intimate  that  the  designing  of  cars  has  reached  a 
static  condition,  because  I  look  for  great  and  marked  im- 
provements in  the  details.  An  engineer  is  at  home  when 
he  is  considering  details,  but  if  he  wants  details  he  will 
get  them  in  the  service-station  and  details  are  important 
in  the  service-station  just  now.  Details  always  are  im- 
portant until  a  craft  or  trade  takes  a  set  place.  That  is 
why  such  men  as  Don  T.  Hastings  are  devoting  their  at- 
tention to  service;  they  are  developing  the  details  that 
are  necessary  for  a  better  understanding  of  the  question, 
the  things  that  eventually  will  produce  system  in  the 
maintenance  business. 

The  question  of  flat  rates  is  a  question  of  undoubted 
importance.  We  do  not  need  flat  rates  to  produce  a  good 
job,  but  they  help  to  get  a  good  job  because  they  drill  the 
poor  workman  in  the  way  he  should  go ;  but  we  do  need 
them  to  sell  maintenance,  and  anything  that  has  the  turn- 
over that  the  maintenance  business  has  must  have  a 
selling-point.  This  $2,000,000,000  worth  of  cars  that  I 
spoke  of  is  sold  by  some  32,000  dealers.  You  can  take 
your  own  estimate  of  the  average  number  of  salesmen 
employed  by  each  dealer  and  multiply  it  by  32,000  to  get 
an  idea  of  the  total  number  of  automobile  salesmen,  but 
how  many  salesmen  are  selling  the  $5,000,000,000  worth 
of  maintenance?  People  are  buying  maintenance  be- 
cause they  have  to,  and  they  are  getting  the  reaction  of 
people  who  do  things  because  they  have  to,  who  go  to  the 
few  shops  where  the  buying  of  maintenance  is  made  a 
pleasant,  understandable  thing.  When  a  customer  comes 
in  he  must  be  greeted  properly,  he  must  be  sold  properly, 
he  must  be  told  that  he  must  leave  the  car  and  the  sales- 
man must  return  the  car  to  him  in  good  condition. 

After  the  maintenance  work  has  been  done,  it  must  be 
serviced,  and  I  think  that  is  the  difference  between  main- 
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tenance  and  service.  When  you  buy  an  automobile,  you 
deserve  service;  you  deserve  to  be  greeted  properly,  to 
have  an  attractive  place  to  go  to  buy  that  car  and  all  the 
things  that  go  with  merchandising,  such  as  the  90-day 
guarantee  and  the  readjusting  of  the  valves.  Many  of 
those  things  are  service  but,  after  service  has  been  given, 
then  what  have  you?  If  you  sell  a  customer  a  $225  job  of 
maintenance,  then  you  must  service  that  maintenance; 
if  you  reground  the  cylinders  and  put  in  new  pistons, 
you  owe  him  the  same  service  on  the  maintenance  job 
that  you  gave  him  on  the  new  car.  If  a  readjustment 
must  be  made  to  make  the  job  a  good  one,  you  owe  it  to 
him;  that  is  service.  But  if  he  has  bought  the  cylinder- 
regrinding  job  and  you  are  servicing  that,  you  do  not 
owe  him  such  maintenance  as  relining  the  brakes.  We 
need  to  sell  the  parts  and  we  need  to  service  them. 

C.  F.  Clarkson: — The  flat-rate  system  probably  will 
be  satisfactory  for  much  the  same  reason  that  the  tariff 
on  imports  is  considered  satisfactory,  if  there  is  definite 
knowledge  as  to  what  it  is  and  will  be  over  a  reasonable 
length  of  time,  and  within  liberal  limits  as  to  figures. 

The  word  "service"  is  used,  of  course,  to  indicate  a 
great  number  of  things.  Many  of  the  meanings  at- 
tributed to  it  are  vague.  Its  general  meaning  is  very 
broad;  there  is  scarcely  a  word  of  broader  import  in  our 
language.  It  suggests  matters  of  an  ill-defined  character. 
This  is  undoubtedly  a  main  reason  it  has  lacked  specific- 
ness  and  concreteness  in  our  field. 

The  saying  that  the  road  to  greatness  is  the  road  of 
service  is  about  as  old  as  the  hills;  and  it  is  as  true  and 
as  enduring  as  the  hills.  It  is  time  that  we  made  a  more 
thorough  application  of  the  principle.  It  is  obvious  that 
the  prestige  and  the  lasting  success  of  automotive  com- 
panies, particularly  those  engaged  in  the  passenger-car 
and  the  motor-truck  fields,  depend  upon  the  satisfaction 
their  products  render.  Service  is  an  integral  part  of 
their  activities  that  cannot  be  long  ignored.  To  main- 
tain a  position  in  the  highly  reputable  and  prosperous 
way  that  it  should  be  maintained,  and  will  be  maintained 
by  those  who  shall  survive  through  the  coming  years, 
motor-vehicle  builders  and  dealers  must  meet  in  a  fair 
and  square  manner  their  responsibilities,  which  are  in- 
extricably linked  with  the  needs  of  their  car-using  cus- 
tomers. They  must  give  to  receive.  That  axiom  is  per- 
tinent with  peculiar  force  in  our  industry. 

There  is  a  clearly  defined  indication  that  our  political 
and  social  problems  cannot  be  solved  by  any  methods 
other  than  those  that  have  been  followed  in  recent  general 
scientific  and  engineering  progress ;  and  that  they  will 
be  solved  by  those  modern  effective  methods.  Surely,  one 
of  the  first  thorough-going  reductions  to  practise  in  this 
respect  should  be  in  the  servicing  of  the  millions  of  mo- 
tor-cars now  in  operation,  not  to  speak  of  the  many  mil- 
lions more  to  come.  What  has  been  said  here  today  by 
very  well  qualified  speakers  defines  pretty  plainly  just, 
what  steps  should  be  taken. 

The  securing  of  practical  success  must  be  based  on  an 
ideal.  Frequently,  stressing  the  ideal  arouses  the  thought 
of  impractical  notions,  but  a  proper  ideal  is  essential  and 
usually  is  the  governing  factor  in  the  success  of  a  busi- 
ness. Having  the  ideal,  the  procedure  of  how  it  shall  be 
made  concrete  in  practice  must  be  settled.  The  ideal,  or 
the  right  idea,  which  is  another  name  for  the  same 
thing,  must  be  physically  embodied  by  action,  which  alone 
will  show  definitely  what  the  ideal  really  is  and,  in  turn, 
how  that  which  has  previously  been  set  up  should  be 
modified  according  to  circumstances.  The  essential 
thing  is  that  the  vehicle  vendors  and  the  others  con- 
cerned  desire  to  do,   and  do,   what   their   instinct   tells 


them  is  the  right  thing  to  do;  and  that  it  shall  be  said 
that  what  they  do  is  done.  The  adequate  working  of 
their  spiritual  "self-starters"  results  in  mutual  good  for 
the  buyer  and  the  seller.  The  longer  the  comprehensive 
solving  of  the  service  problem  is  deferred,  the  more 
arduous  it  will  be  to  accomplish.  The  statement  that 
we  reap  what  we  sow  is  scientifically  correct. 

The  securing  of  big  results  involves  conquering  great 
difficulties.  The  establishing  as  fully  as  possible  of 
desirable  conditions  in  the  very  complex  and  widely 
scattered  field  of  automobile  service  requires  long  and 
thorough  study  by  the  best  brains  of  the  industry. 
All  the  phases  of  the  unbeatable  law  of  compensation 
are  latently  present.  The  matter  should  be  carried  for- 
ward with  dispatch,  and  with  all  the  solemnity  of  a 
pledge  for  the  good  of  the  industry  and  the  public. 
The  typical  respective  responsibilities  should  be  clari- 
fied and  met,  not  blinking  that  prime  element,  human 
nature.  We  should  be  as  little  lacking  as  possible  in 
knowledge  of  the  vital  features  of  satisfactory  service. 
The  time  to  take  intelligent  action  is  in  advance  of  the 
coming  of  obstacles  that  may  be  nearly  insurmountable. 
Let  us  do  the  best  work  of  which  we  are  capable  on 
the  great  service  problems  that  are  before  us. 

Don  T.  Hastings: — With  regard  to  special  equip- 
ment, we  have  done  very  much  as  Mr.  Funderburk 
has  done.  The  tool  I  described  for  expanding  the  tubes 
to  take  out  the  rattle  in  the  steering-gear  cost  us  $15 
to  $20  at  first;  now  it  costs  about  $2.50.  Another  tool 
is  a  piston-position  indicator;  it  works  in  through  the 
spark-plug  hole  and  it  is  not  necessary  to  take  off  the 
head  to  determine  where  the  piston  is.  It  is  a  lever- 
multiplying  device  that  is  of  great  assistance  in  setting 
the  timing.  We  have  a  front-wheel  lining-device  dif- 
ferent from  the  one  that  has  been  described;  to  my 
mind,  it  is  somewhat  simpler  to  use.  It  is  a  bar  having 
two  levers,  one  mounted  on  each  end.  The  levers  fit 
against  the  felloe  of  the  wheel  and  each  carries  a  pointer 
that  registers  on  a  graduated  bar;  in  about  15  sec,  one 
can  determine  whether  the  wheels  are  properly  lined-up. 
Chairman  Jennings: — How  many  think  in  the  terms 
of  the  man  who  does  most  of  the  work,  not  those  of  the 
man  who  runs  the  shop,  who  can  afford  to  have  an  en- 
gineer at  the  head  of  it,  but  the  man  who  must  be  con- 
tent with  a  mechanic,  and  with  certain  limitations  in  in- 
terpreting these  ideas  to  his  own  organization?  It  is 
always  well  to  apply  ideas  to  a  small  organization.  When- 
ever we  describe  a  high-class  shop  that  has  all  this 
equipment,  we  try  to  tell  later  what  it  means  to  the  little 
fellow ;  it  means  very  much  to  him.  Consider  how  many 
cars  are  serviced  by  small  stations.  One-third  of  the 
cars  are  on  the  farm;  naturally,  they  cannot  go  to  Mr. 
Funderburk's  station,  so  they  go  to  a  nearby  station. 

J.  W.  Lord: — In  connection  with  the  expansion  tool 
Mr.  Hastings  described,  it  was  developed  in  a  service- 
station,  was  taken  up  by  the  factory  and  then  was  made 
for  about  one-tenth  the  cost  of  the  first  one.  I  think  that 
the  development  of  a  tool  in  a  service-station,  it  being 
taken  up  by  the  factory  and  then  sent  out,  is  something 
that  the  factories  should  note  and  consider  very  seri- 
ously; that  much  better  action  will  result  than  if  the  fac- 
tory should  try  to  develop  it. 

Chairman  Jennings: — In  other  words,  the  man  in  the 
service-station  gets  the  actual  contact  with  the  vehicle 
as  it  is. 

Mr.  Lord: — I  think  the  factory  service-department 
broadcasts  tools  that  it  should  not  broadcast;  it  would 
be  better  if  its  representative  went  into  the  service  field 
to  find  out  what  the  various  tools  are  that  have  be^n  de- 
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veloped  for  a  particular  job,  because  very  often  some 
better  tools  can  be  developed. 

B.  M.  Ikert: — In  an  instance  that  I  know  of  pei'- 
sonally,  the  cooperation  of  a  manufacturer's  equipment 
is  helping  greatly  in  the  field  of  service.  Men  who  work 
on  a  certain  very  popular  car  are  under  the  impression 
that  the  work  is  fairly  accurate  on  the  block;  they  turn 
the  block  upside  down,  then  hook  up  the  burning-in 
machine.  We  checked  a  number  of  blocks  and  found  a 
difference  of  1/16  in.;  and  that  makes  a  big  difference. 
One  company  has  brought  out  a  burning-in  machine 
with  which  it  locates  from  the  bottom  of  the  block; 
the  block  is  put  right-side-up  and  is  always  properly 
lined-up.  Few  mechanics  can  appreciate  a  variation  in 
the  height  of  a  block.  This  is  a  case  where  the  manu- 
facturers have  checked-up  and  are  really  helping  in  the 
field  of  service. 

Mr.  Hastings  spoke  about  attaching  a  postal  card  to 
a  car  and  asking  the  owner  whether  the  work  had  been 
satisfactorily  done.  With  the  facilities  that  most  men 
have  who  do  that  kind  of  work,  I  should  expect  the 
customer  to  take  it  for  granted  that  I  was  sure  the  job 
was  right  and  did  not  need  to  ask  his  opinion.  I  may 
be  wrong.  I  never  ran  a  service-station;  but  if  I  had 
a  properly  tooled  shop,  if  my  men  were  right  and  I  had 
an  inspector  on  the  job,  I  should  feel  entirely  confident 
that  the  jobs  had  been  done  right.  Mr.  Hastings  men- 
tioned a  mechanic  who  left  the  cotterpins  out  of  the 
connecting  rods.  Has  he  a  man  who  inspects  those  jobs 
before  they  are  put  together?  In  one  service-station  in 
St.  Louis,  before  a  mechanic  puts  a  rear  axle  or  a  crank- 
case  together,  an  inspector  looks  over  every  point  and 
passes  on  it  before  the  man  can  complete  the  job. 

Mr.  Hastings: — Regarding  the  cotterpins,  the  over- 
sight was  detected  before  the  car  was  sent  out.  The 
inspector  passes  on  the  work  before  the  workmen  close 
up  any  job. 

Mr.  Ikert: — We  draw  too  sharp  a  line  of  demarkation 
between  service  and  sales;  they  really  are  the  same 
thing.  The  days  are  past  when  we  could  go  into  a 
salesroom  and  then  out  into  a  dirty  repair-shop  through 
a  cubby-hole  in  the  wall.  I  was  in  a  salesroom  recently 
and  was  led  gradually  through  to  the  shop;  then  I 
thought  we  were  still  in  the  salesroom.  That  shows 
how  close  sales  and  service  are.  We  are  making  too 
many  bones  about  some  service  matters;  many  dealers 
in  this  country  have  fine  service-stations  and,  although 
they  have  many  problems,  they  are  just  everyday  prob- 
lems. Customers  want  the  same  kind  of  service  they 
get  in  any  other  line  of  business.  As  I  see  it,  selling 
maintenance  is  not  more  complicated  than  selling  any- 
thing else;  the  dealers  that  I  have  talked  with  in  this 
country  who  are  using  the  flat-rate  system  of  selling 
maintenance  have  told  me  they  never  would  go  back 
to  any  other  system. 

Mr.  Hastings: — With  regard  to  asking  an  owner 
whether  the  work  is  satisfactory,  we  find  that  many 
times  the  owner  is  not  satisfied  for  a  variety  of  reasons. 
Rather  than  let  it  prey  on  his  mind  and  have  him  go 
around  talking  to  his  friends  instead  of  telling  us  about 
it,  we  try  to  find  out  as  soon  as  possible  whether  there 
is  a  sore  spot.  If  we  can  reach  him  the  next  day,  we 
almost  always  can  clear  away  that  impression,  but  if 
the  matter  is  allowed  to  run  for  a  week,  it  becomes 
much  worse  than  it  was  when  the  thing  happened;  and, 
in  the  course  of  a  month,  we  become  the  most  horrible 
example  of  maintenance  station  it  is  possible  to  con- 
ceive. Frequently,  it  is  some  little  five-cent  thing  that 
really  would  not  have  amounted  to  anything  if  we  had 


been  able  to  reach  him  while  the  thing  was  fresh.  We 
think  it  is  important  enough  to  follow  up. 

Mr.  Ikert: — Do  you  have  in  your  station  a  man  who 
represents  the  customer?  I  know  of  a  St.  Louis  company 
that  has  a  man  who  looks  over  the  car  from  stem  to 
stern  before  it  goes  out.  When  he  passes  on  the  work, 
the  company  feels  absolutely  sure  that  the  car  can  be 
turned  over  to  the  customer. 

Mr.  Hastings:— That  is  not  delegated  to  one  man 
alone  with  us.  Our  chief  inspector  is  one  of  the  abso- 
lutely thorough  workmen  that  you  do  not  find  very  often; 
he  makes  an  ideal  inspector  and  at  the  same  time  has  a 
way  that  enables  him  to  get  along  with  the  men  in  the 
shop.  The  other  men  who  represent  the  customer  are 
our  service  salesmen,  who  are  much  interested  in  avoid- 
ing "comebacks"  because  they  must  bear  the  brunt  of 
them.  So,  we  have  two  groups  of  men  who  represent 
the  customer. 

As  to  linking  sales  and  service,  it  is  not  service 
exactly,  but  we  have  taken  a  step  this  year  in  the  sales 
department  that  I  think  will  accomplish  that  result. 
We  have  divided  our  sales  organization  into  eight  teams ; 
each  team  is  under  a  division  sales-manager.  Everybody 
in  the  organization,  except  Mr.  Williams  and  myself, 
has  enlisted  on  one  of  the  teams  as  a  part-time  sales- 
man. We  pay  part-time  salesmen  5  per  cent  on  sales 
and  the  division  manager  gets  2%  per  cent  on  any  sales 
that  may  be  made  by  a  member  of  his  team.  In  other 
words,  we  are  offering  71?  per  cent  commission  to  be 
paid  on  sales,  so  that  the  service  organization  and  the 
sales  department  are  linked  very  closely.  So  far,  the 
plan  seems  to  be  working  out  very  happily.  The  sales- 
men, the  division  managers  and  the  general  sales-man- 
ager all  are  getting  to  know  the  men  in  the  service 
organization  better.  I  spend  all  my  spare  time  preaching 
the  gospel  of  good  service  and  telling  the  salesmen 
what  we  are  trying  to  do.  This  seems  to  be  one  way  to 
get  the  close  cooperation  that  we  must  have  if  we  are 
to  succeed. 

L.  C.  Voyles: — A  point  that  Mr.  Ikert  mentioned  and 
that  Mr.  Hastings  has  answered,  is  the  matter  of  being 
too  sure.  That  is  the  trouble  now;  we  have  been  sure, 
but  the  other  fellow  has  been  doubtful;  and  we  all  must 
admit  that  one  of  the  problems  that  confronts  the  auto- 
mobile industry  today  is  the  feeling  on  the  part  of  the 
ultimate  consumer.  He  does  not  feel  that  we  have  the 
good  service  that  we  are  talking  about  and  are  trying 
to  improve  and  to  bring  about.  He  has  the  idea  that  all 
service-stations  are  more  or  less  "punk,"  some  more 
punk  than  others;  and  that  is  a  matter  of  fact.  You 
may  continue  feeling  sure  and  take  a  cock-sure  attitude 
with  him  if  you  wish,  but  you  must  do  something  to 
make  him  appreciate  that  point,  to  get  him  to  look  at 
it  from  your  viewpoint. 

The  plan  Mr.  Hastings  is  following  is  an  excellent 
one;  it  is  something  that  the  owner  is  not  accustomed 
to  and,  consequently,  will  talk  about.  It  would  help 
if  we  could  get  him  to  follow  the  sign  that  we  see  in 
various  places,  "If  we  please  you,  tell  others;  if  we  do 
not  please  you,  tell  us."  If  everybody  would  follow  that 
rule,  all  would  be  well  and  good;  but  it  is  human  nature 
not  to  follow  it.  We  damn  somebody  because  some- 
thing was  not  done  to  suit  us;  not  one  per  cent  of  us 
ever  go  back  and  tell  the  fellow  who  could  and  really 
would  like  to  correct  it.  We  do  not  tell  him,  we  tell 
everybody  else,  and  some  one  who  does  not  know  the 
actual  facts  in  the  case  thinks  an  awful  condition  exists. 
It  is  this  condition  that  we  must  break  down ;  we  must 
do  something  extraordinary  to  break  it  down.  It  strikes 
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me  that  Mr.  Hastings'  plan  is  entirely  feasible  and  one 
that  could  be  recommended  to  all  the  service-stations 
in  the  country. 

T.  C.  Plumridge: — There  is  another  point  in  asking 
the  customer  whether  he  is  satisfied.  A  customer  brings 
his  car  in,  wants  certain  work  done  and  it  is  done,  but 
something  else  is  discovered  in  the  meantime  that  should 


be  done.  The  car  goes  out ;  the  customer  may  not  know 
of  the  extra  work  that  should  have  been  done  and,  after 
the  car  begins  to  run  badly  again,  he  brings  it  in.  If  the 
customer  had  been  asked  immediately  whether  he  were 
satisfied  with  the  work,  the  service-man  would  have  a 
"comeback"  on  him  and  could  say  that  it  was  not  the 
service  work  that  was  wrong. 


-MAINTENANCE     EFFECTS     OF    AUTOMOTIVE 
ELECTRICAL-EQUIPMENT  STANDARDIZATION 


BY   A.    H.    PACKER 


THE  author  outlines  past  conditions  that  led  to  a 
diversity  of  design  for  similar  parts,  such  as  tires 
and  rims,  as  being  analagous  to  the  causes  of  present 
variations  in  automatic  electrical  equipment  intended 
for  identical  purposes,  and  gives  specific  instances  in 
which  such  variation  has  resulted  in  excessive  expense 
and  delay. 

Constructive  suggestions  are  made  for  improvement 
in  regard  to  reducing  the  number  of  types  of  equipment 
and  standardization  of  the  remaining  types,  more 
especially  with  regard  to  generators,  as  a  means  of 
making  possible  better  service-station  efficiency  and  a 
reduction  of  the  investment  now  necessary  because  of 
the  carrying  of  an  excessive  number  of  parts  in  stock. 
Standardization  problems  are  stated  and  commented 
upon,  and  the  advantages  of  a  reasonable  degree  of 
standardization  for  electrical  equipment  are  set  forth. 
[Printed  in  the  March,  1923,  issue  of  The  Journal.] 

The  Discussion 

Chairman  Clyde  Jennings: — There  has  been  a  dis- 
position to  say  that  electrical  service  cannot  be  men- 
tioned with  mechanical  service,  that  it  has  to  be  depart- 
mentized;  but  the  point  is  that  no  car  is  better  than 
the  service  behind  it.  We  all  admit  that,  but  we  all 
do  not  admit  yet  that  no  car  is  better  than  the  service 
behind  it  regardless  of  where  that  service  is  obtained. 
Another  point  worth  considering  is  that  if  you  do  not 
include  electrical  maintenance  in  the  service-station,  you 
will  tell  Mr.  Car  Owner  to  go  two  blocks  to  the  left  and 
four  to  the  right  to  an  electrical  service-station  to  get 
the  car  fixed.  What  will  happen  next?  Will  you  tell  him 
to  go  down  another  street  to  get  the  axle  fixed?  I  be- 
lieve it  has  been  said  that  the  nearest  "own-made"  car 
patronizes  209  parts-makers.  Would  you  have  people  shop- 
ping round  for  parts-makers  to  fix  a  particular  part, 
the  drag-link  or  the  axle  or  the  engine  or  the  generator? 

J.  W.  Lord: — I  think  standardization  of  electrical 
equipment  is  important;  but,  at  the  same  time,  suppose 
we  did  get  down  to  five  armatures;  these  have  a  different 
relation,  to  my  mind,  from  the  various  makes  of  tire. 
If  a  man  makes  B  equipment  with  a  very  fine  armature 
and  the  machine  happens  to  go  wrong,  so  that  it  is  neces- 
sary to  replace  the  armature  with  an  A  armature,  a  B 
name  is  still  on  that  machine.  If  I  were  a  B  manufacturer 
I  should  not  care  to  have  an  A  armature  put  into  that 
machine  because  my  name  would  be  damaged  if  that  A 
armature  that  was  not  as  good  as  mine  went  wrong. 

From  a  service  standpoint,  I  think  that,  so  far  as 
possible,  electrical  service  should  be  given  by  the  dis- 
tributor of  the  car.  I  have  had  experience  in  buying 
a  car  and  taking  it  back  because  the  electrical  equip- 
ment would  not  operate.  I  was  told  "We  do  not  take 
care  of  that ;   you  will  have  to  take  your  car  down  to 


such-and-such  electrical  station."  I  took  it  there,  they 
spent  some  time  on  it,  and  the  next  night  I  was  stuck 
again  without  lights.  That  happened  three  or  four 
times,  and  it  kept  me  bouncing  back  and  forth  between 
the  people  who  sold  the  car  and  the  people  who  were 
supposed  to  give  the  electrical  service.  Finally,  I  told 
the  car  dealer  that  he  must  fix  the  car  or  take  it  back; 
and  he  had  it  fixed.  I  think  this  business  of  being  sent 
down  the  street  to  get  this  or  that  done  is  wrong. 

Chairman  Jennings: — As  I  understand  it,  the  point 
about  the  armatures  was  that  if  a  dealer  had  only  five 
he  could  be  sure  to  have  a  B  armature  in  stock  to  re- 
place the  B  armature  and  an  A  armature  in  stock  to 
replace  the  A  armature;  but  he  has  not  a  chance  in  the 
world  of  having   160  armatures   in  stock. 

A.  H.  Packer: — If  you  have  an  electrical  unit  of  a 
certain  make,  the  maker  would  prefer  that  you  have  an 
armature  of  the  same  make,  but  at  present  he  has  noth- 
ing to  say  about  it.  In  the  -country,  they  rewind  any 
armature  and  after  it  has  been  rewound,  nothing  that 
was  in  it  originally  is  left  except  the  iron.  The  winding 
is  the  most  valuable  part  of  the  armature;  that  is,  the 
way  it  is  put  on  and  the  treatment  that  is  given  to  it 
at  the  factory.  The  process  of  impregnating  really 
makes  a  good  armature. 

T.  C.  Plumridge: — There  is  some  trouble  in  that 
engineers  are  always  changing  the  types  of  armature 
or  the  types  of  electrical  equipment  that  they  put  in. 
I  have  one  of  these  big  sets  of  blueprints  of  electrical 
work,  and  sometimes  I  get  inquiries  about  certain  elec- 
trical parts.  As  many  as  three  different  equipments 
have  been  put  into  one  car  within  a  year.  I  think  that 
engineers  should  standardize  the  equipment  and  not 
make  three  changes  in  one  year. 

H.  R.  Cobleigh  : — I  know  "you  can  lead  a  horse  to 
water  but  you  cannot  make  him  drink."  The  Society 
has  been  making  standards  for  a  long  time,  but  the 
standards  are  not  used  as  much  as  they  should  be.  The 
Society  has  the  agency  to  help  sell  its  standards;  namely, 
a  simplified  practice  committee,  and  the  National  Auto- 
mobile Chamber  of  Commerce  has  a  corresponding  com- 
mittee working  closely  with  it.  We  have  high  hopes 
that  we  may  be  able  to  induce  the  "horse  to  drink" 
through  the  activities  of  this  joint  committee. 

Another  way  of  getting  the  standards  adopted  is  some- 
what akin  to  that  which  is  being  tried  to  solve  the 
"pirate"  parts  problem,  educating  the  public.  I  wonder 
if  we  cannot  sell  the  public  the  advantages  and  create 
such  a  demand  for  standardized  equipment  that  the  in- 
dustry will  have  to  heed  it.  If  the  dealers  find  out  that 
the  customer  says,  "I  want  the  car  that  has  standardized 
equipment  so  that  I  can  get  an  armature  anywhere  I 
happen  to   be,"  you   will  find  that  the   dealer  will  tell 


Vol.   XII 


June,  1923 


No.  (i 


DISCUSSION  OF  CHICAGO  SERVICE  MEETING  PAPERS 


539 


the  manufacturer,  "We  must  have  this  standard  equip- 
ment because  it  is  difficult  to  sell  cars  without  it."  The 
manufacturer  then  will  get  busy. 

I  think  Mr.  Lord  and  Mr.  Packer  were  talking  about 
two  different  kinds  of  A  and  B  armatures.  Mr.  Packer 
was  referring  to  five  different  types  of  armature  for 
one  make,  and  all  makes  using  the  same  five  types.  Mr. 
Lord  talked  as  if  A  and  B  were  different  makes,  as  if 
he  had  a  Westinghouse  generator  and,  when  the  arma- 
ture burnedout,  he  were  given  a  Gray  &  Davis.  The 
electrical-equipment  manufacturer  may  object  to  having 
some  other  make  of  armature  put  in  his  generator,  but 
the  thing  we  must  keep  in  mind  is  what  we  are  preaching 
all  the  time  in  connection  with  our  service  work,  which 
is  that  the  car-owner  is  the  fellow  to  be  considered. 
Let  us  stop  worrying  about  what  the  manufacturer 
likes  and  does  not  like  and  ask  ourselves  what  the  owner 
prefers. 

B.  M.  Ikert: — We  have  assumed  that  service  and 
maintenance  always  will  be  part  of  the  dealer's  business. 
We  have  said  in  times  past  that  perhaps  a  large  part 
of  the  work  will  be  farmed-out;  perhaps,  one  big  central 
shop  will  do  nothing  but  grind  cylinders.  Are  we  to 
farm-out  the  electrical  work  the  same  way?  In  an  elec- 
trical shop  I  can  see  the  advantage  of  standardizing 
armatures  in  that  so  large  a  stock  would  not  have  to 
be  carried.  Not  long  ago  I  was  impressed  by  the  prac- 
tice of  a  company  that  had  an  electrical  service-station. 
I  said,  "I  am  surprised  that  you  do  your  own  electrical 
work  here."  They  replied,  "Inasmuch  as  we  have  sold 
these  cars  to  the  owners  we  feel  that  we  are  responsible 
to  them  and  we  intend  to  have  everything  we  can  do 
done  right  under  this  roof;  we  do  our  own  electrical 
work,  so  that  when  a  man  comes  in  we  need  not  say, 
'We  do  not  make  that  generator,  you  must  go  down  the 
street  to  a  man  who  will  fix  you  up  on  that  starter.' 
We  can  take  care  of  him  here."  It  seems  to  me  it  is 
largely  a  matter  of  whether  we  intend  to  have  outside 
shops  specializing  in  this  and  that  or  intend  to  make 
it  a  part  of  the  dealer's  business. 

Mr.  Lord: — I  am  in  full  sympathy  with  the  idea  of 
the  dealer's  doing  his  own  electrical  work  so  far  as 
possible.  It  is  my  experience  that,  if  something  goes 
wrong  with  the  ignition  or  the  lighting  or  the  starting, 
the  chances  are  that  the  man  will  blame  the  car,  irrespec- 
tive  of   what   the   equipment   is,   and   that   the  average 


electrical  repair-shop  will  take  twice  as  long  as  we  take 
to  handle  the  job.  I  think  we  can  exert  more  pressure 
than  the  average  individual  owner.  Of  course,  I  am 
located  in  New  York  City  and  my  case  is  different  from 
that  in  some  isolated  community.  There  should  not  be 
one  rule  for  both  the  big  city  and  the  small  town.  I 
should  like  to  go  much  further  in  the  matter  of  elec- 
trical repairs  than  we  have  gone.  I  believe  we  ought 
to  buy  the  parts  direct  and  get  them  direct  and  not  be 
hampered  by  electric  service  organizations,  because  a 
job  can  be  done  twice  as  quickly  without  that  inter- 
ference. If  you  can  finish  a  job  in  2  hr.  or  ]  ■>  hr.,  it 
is  better  than  taking  the  generator  out,  sending  it  out, 
getting  it  repaired,  getting  it  back  the  next  day  and 
starting  the  customer  on  his  way  in  24  hr.  An  inflexible 
policy  does  not  permit  this  today. 

Chairman  Jennings: — Some  time  ago  I  asked  about 
35  men,  "What  kind  of  car  have  you?  What  kind  of 
engine  is  there  in  it?"  and  35  replied  that  their  engine 
was  the  same  make  as  that  of  the  car.  They  were  not 
careless  people ;  they  were  business  men.  More  than  half 
of  them  told  me  that  the  electrical  system  was  the 
same  make  as  that  of  the  car.  These  men  are  honest 
and  intelligent  and  are  looking  to  the  maker  whose  name 
is  on  the  front  of  the  car  to  take  care  of  it.  The  fact 
that  they  did  not  know  that  the  electrical  systems  were 
different  does  not  alter  the  case.  The  cars  that  will 
survive  are  those  into  which  the  people  behind  them 
have  put  honesty  of  purpose  and  some  intelligence; 
nothing  else  will  avail.  They  have  produced  a  very 
complicated  piece  of  machinery  and  must  do  their  best 
to  keep  it  in  operation. 

As  a  matter  of  fact,  we  have  not  accomplished  any- 
thing when  we  have  built  an  automobile;  we  have  not 
accomplished  anything  when  we  have  built  a  highway. 
But  when  we  have  a  highway  and  an  automobile,  we 
have  two  means  to  an  end,  the  end  being  transportation. 
We  must  get  the  attitude  that,  we  all  are  dealing  in 
transportation  and  transportation  only,  not  in  automo- 
biles; when  we  get  that  attitude  with  regard  to  main- 
tenance, we  shall  advance;  the  factories  that  maintain 
that  attitude  are  the  factories  that  will  succeed.  We 
have  two  definite  propositions.  Mr.  Lord  has  pointed 
out  one  of  them  in  the  big  centers  of  population ;  the 
second  is  that  of  the  small  station,  which  must  have  an 
all-round  mechanic  to  keep  it  going. 


THE  DEVELOPMENT  OF  A  MODERN 
SERVICE-SYSTEM 


BY  DON   T.   HASTINGS 


THE  author  states  that  the  word  "service"  has  been 
and  still  is  the  most  abused  word  in  the  automo- 
bile language  and  enumerates  some  of  the  causes  of 
poor  service.  Good  service  is  then  considered  as  con- 
stituting a  sales  asset.  The  new  attitude  toward  serv- 
ice is  described  and  the  progress  of  the  building-up  of 
a  combined  flat-rate  and  piece-work  system  is  out- 
lined. 

The  flat-rate  and  the  piece-work  features  are  an- 
alyzed, inclusive  of  the  methods  applied  to  each  and 
comments  upon  the  results  obtained.  Records  form  an 
all-important  part,  and  these  are  kept  on  special  forms 
that  are  illustrated;  the  method  of  their  utilization  is 
given  in  detail.  The  duties  of  the  different  members 
of  the  service  personnel  are  specified,  and  it  is  shown 
how  the  different  factors  are  made  to  combine  and  pro- 


duce service  that  satisfies  the  car-owner.     [Printed  in 
the  February,  1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

J.  F.  Page  : — Will  Mr.  Hastings  tell  us  how  he  arrived 
at  the  time  limits  on  which  he  established  the  piece  rates? 

Don  T.  Hastings: — It  is  just  a  matter  of  getting  the 
actual  time  of  the  various  operations  through  the  time- 
keeping system  in  the  shop.  We  had  difficulty  with  some 
of  the  men,  who  tried  to  complicate  the  task.  They 
would  work,  say  V2  hr.  at  one  operation  and  1  hr.  on  the 
next,  and  then  would  report  1%  hr.  on  the  first  one  and 
15  min.  on  the  second.  There  always  will  be  some  per- 
sons in  an  organization  who  are  not  willing  to  cooperate, 
and  afraid  you  will  take  something  away  from  them.   But 
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it  did  not  take  long  to  find  out  what  men  were  making 
the  trouble,  and  conditions  either  became  so  unpleasant 
for  them,  with  a  foreman  watching  them  all  the  time, 
that  they  quit,  or  else  we  actually  asked  them  to  leave 
the  organization,  so  that  we  soon  obviated  that  trouble. 
Then,  as  the  time  records  began  to  come  in,  we  put  a  man 
to  work  posting  the  actual  time  of  each  operation.  We 
had  a  book  with  a  sheet  for  each  operation.  On  each 
sheet  we  listed  the  date,  the  repair-order  number,  the 
time  and  the  name  of  the  workman  so  that,  after  a  short 
time,  we  were  able  to  go  through  them  and  strike  an 
average  for  each  operation  and  compare  the  various  times 
with  the  average.  We  found  some  men,  for  instance, 
who  would  report  5  min.  for  changing  a  radiator,  which 
obviously  was  impossible;  on  the  other  hand,  once  in  a 
while  they  would  take  5  hr.  to  change  a  radiator,  which 
was  just  as  unreasonable.  We  had  to  go  through  a  large 
amount  of  detail  work  in  checking  these  excessively  long 
or  short  times,  eliminating  them  and  finding  the  reasons. 
Sometimes  it  was  only  a  mistake  in  posting;  they  would 
get  the  wrong  operation  number,  so  that  much  detail 
work  was  involved  in  separating  the  times  that  obvi- 
ously were  wrong.  The  shop  foreman  and  I  had  pretty 
fair  ideas  of  the  proper  time  for  a  given  operation.  We 
could  guess  it  within  from  25  to  50  per  cent,  at  least. 
We  did  not  use  a  stop-watch;  we  depended  on  the  hon- 
esty of  the  men. 

A  Member: — How  do  you  establish  the  rate  of  pay  of 
the  mechanic  for  an  operation? 

Mr.  Hastings: — That  was  based  entirely  on  the  aver- 
age time  computed  from  the  time-study.  Then  we  fig- 
ured that  the  men  ought  to  make  about  25  per  cent  more 
in  a  day  than  their  hourly  rate  called  for.  In  most  cases, 
the  first  estimates  have  been  reduced.  In  a  few  cases 
we  found  we  had  set  the  time  too  low,  although,  as  the 
men  got  used  to  the  work,  they  speeded-up. 

A  Member: — Did  you  rate  them  all  equally  as  me- 
chanics, or  have  a  different  rate  for  helpers? 

Mr.  Hastings: — A  man  who  scrapes  bearings  is  paid 
a  certain  amount,  and  a  man  who  greases  a  car  is  paid 
a  certain  amount.  The  foreman  has  to  use  judgment  in 
assigning  the  work  to  the  men.  He  would  not  put  a 
helper  on  a  bearing-scraping  job;  on  the  other  hand, 
generally,  he  would  not  ask  a  man  to  put  on  a  bumper 
if  he  is  a  bearing-scraper.  He  must  use  judgment,  but 
for  a  given  operation  there  is  a  standard  rate  of  pay. 

A  Member: — Then  if  you  do  not  have  suitable  work 
for  the  mechanics,  you  pay  for  the  idle  hours? 

Mr.  Hastings: — That  is  our  loss.  We  pay  them  at 
the  straight-time  rate.  This  is  a  point  that  we  have  not 
taken  care  of  yet.  We  intend  to  establish  a  lower  rate 
for  lost  time  than  the  straight-time  rate,  but  the  psycho- 
logical conditions  have  not  yet  been  right  for  putting 
that  into  effect.  It  has  been  done  in  other  places  and  I 
am  sure  that  it  can  be  done  satisfactorily.  We  find  that 
probably  75  to  80  per  cent  of  the  work  comes  in  between 
8:30  and  9:30  a.  m.  A  few  jobs,  of  course,  stay  in  the 
shop  over  night,  but  they  are  relatively  few.  Most  of  the 
jobs  are  in  the  3-hr.  class  and  under,  so  that  probably 
one-half  the  men  have  nothing  to  do  for  the  first  hour. 
The  result  is  that  we  are  not  insistent  that  the  men  be 
there  at  8  o'clock,  the  regular  starting  time.  If  there  is 
a  particularly  crowded  condition,  the  foreman  says  to  the 
men,  "You  be  here  tomorrow  morning  at  eight" ;  but  they 
drift  in  about  eight-thirty,  so  it  is  all  right. 

L.  C.  Greenamyer: — What  percentage  of  lost  time  do 
you  figure  as  efficient  service? 

Mr.  Hastings: — I  cannot  give  the  percentage  offhand. 
Our  shop  payroll  is  about  $4,000  per  month  at  present; 


the  actual  lost  time  last  month  cost  $250.     That  is  as 
near  as  I  can  give  the  figures. 

Mr.  Greenamyer: — I  have  had  the  same  difficulty  that 
you  and  every  service  manager  have  had  regarding  the 
delivering  of  cars  to  customers  in  a  satisfactory  condi- 
tion. I  found  that  I  could  not  leave  it  to  the  mechanics 
to  cover  the  upholstery.  In  my  plant,  a  closed  car  or  one 
having  delicate  upholstery  is  sent  immediately  to  the  up- 
holstering department  and  covers  are  tacked  on  that  cover 
the  upholstery.  These  are  taken  care  of  in  one  depart- 
ment and  are  laundered  whenever  they  show  signs  of 
being  soiled.  I  have  found  that  this  has  saved  more 
money  than  any  other  thing. 

Mr.  Hastings: — We  leave  it  to  the  shop  foreman  to 
see  that  the  upholstery  is  covered.  We  have  no  upholster- 
ing department,  but  we  launder  the  covers  as  soon  as 
they  become  soiled;  the  foreman  pays  particular  atten- 
tion to  see  that  the  covers  are  put  on  before  the  men  start 
working. 

Mr.  Greenamyer: — Do  you  have  covers  made  to  fit 
each  model? 

Mr.  Hastings: — We  use  ordinary  sheeting. 
Mr.  Greenamyer: — I  find  that  heavy  denim  gives  the 
best  satisfaction. 

J.  W.  Lord: — Do  you  give  additional  compensation  for 
work  over  the  amount  on  which  the  flat  rate  is  based? 

Mr.  Hastings: — No,  except  in  cases  where  we  shift  a 
man  from  the  contract  rate  to  straight  time. 

Mr.  Lord: — It  should  be  of  interest  to  the  foreman 
to  see  that  the  men  make  as  much  as  possible. 

Mr.  Hastings: — They  do  that  by  speeding-up  the 
straigth-time  work  to  get  back  on  the  contract  operations 
that  pay  the  higher  rate. 

H.  R.  Cobleigh: — At  a  meeting  of  the  Automotive 
Electric  Service  Association,  while  flat-rate  and  piece- 
work were  being  discussed,  the  question  was  raised  of 
overcoming  the  difficulty  with  the  men  when  it  becomes 
necessary  to  lower  a  piece-work  price  previously  estab- 
lished. Mr.  Hastings  has  said  that  if  he  were  starting  a 
service-station  today  he  would  install  piece-work  at  once 
and  make  the  necessary  changes  afterward.  How  would 
he  make  changes  without  creating  sore-heads  among  the 
men? 

Mr.  Hastings: — We  did  have  some  sore-heads.  In 
fact,  about  a  third  of  our  force  quit.  We  started  the 
piece-work  system  on  the  first  day  of  August  and,  the 
evening  before,  we  had  a  caterer  bring  in  a  nice  supper. 
We  cleaned  out  the  shop,  and  set  tables  there  for  every- 
body in  the  service  organization  and  the  parts  depart- 
ment. We  had  dinner,  passed  out  cigars  and  told  a 
few  stories;  then  I  told  the  men  just  what  we  intended 
to  do.  I  painted  the  picture  as  reasonably  as  possible, 
tried  to  show  them  that  it  was  to  their  advantage  to  work 
under  this  system  and  told  them  of  other  shops  where  it 
had  been  instituted.  We  did  one  other  thing  at  the  same 
time  that  was  calculated  to  help  over  the  rough  spots;  we 
put  in  group  insurance  throughout  the  entire  organiza- 
tion. The  expense  is  about  $1  per  month  per  individual  in 
the  organization.  There  are  two  classes,  the  executives 
who  have  a  certain  amount  of  life  insurance  to  start 
with,  $2,500,  I  believe,  and  the  men  in  the  shop  who  start 
at  $1,000;  and  these  amounts  increase  with  the  length  of 
service  until  the  limits  are  doubled. 

The  men  did  not  say  very  much  after  I  had  finished 
talking,  although  I  encouraged  them  to  talk;  some  asked 
questions,  but  the  meeting  practically  was  over  when  I 
finished  speaking.  Then  I  left  them  to  talk  things  over. 
We  had  about  36  men  at  that  time.  Within  the  next 
week  about  one-third  of  them  either  quit  or  grew  so  ob- 
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streperous  in  reporting  inaccurate  time  that  we  asked 
them  to  leave.  After  we  got  rid  of  the  trouble-makers, 
the  remainder,  one-half  of  whom  had  been  with  us  for 
more  than  a  year  and  some  who  had  worked  for  many 
years  with  various  distributors  in  Detroit,  helped  us  and 
worked  with  us.  They  are  thoroughly  convinced,  I  think, 
that  we  are  trying  to  be  absolutely  fair  to  them ;  and 
this  is  a  mental  condition  that  must  lie  secured  in  a  shop 
before  a  system  of  this  kind  can  be  run  successfully.  You 
must  have  the  men  pulling  with  you,  and  that  means  you 
must  be  absolutely  fair;  you  must  go  beyond  this  fail- 
point  sometimes  in  getting  the  men's  cooperation. 

Mr.  Cobleigh  : — That  covers  the  starting  of  the  sys- 
tem;  there  always  is  difficulty  in  installing  a  system,  but 
after  it  has  been  installed,  there  is  still  difficulty  in  cor- 
recting mistakes  in  the  rates  that  have  been  established. 

Mr.  Hastings: — We  have  not  found  it  so.  The  men 
are  making  about  25  per  cent  more  than  under  the  old 
rates.  When  we  put  through  the  last  changes  in  rates, 
it  happened  that  the  number  of  rates  raised  equaled  those 
that  were  lowered,  and  that  was  emphasized  by  the  fore- 
man. We  found  that  we  had  gone  too  far  in  cutting  the 
price  of  certain  operations.  Where  we  had  gone  too  far, 
there  was  only  one  thing  to  do,  and  that  was  to  raise  the 
price  again  to  the  point  where  the  men  could  make  a 
proper  amount  of  money.  It  is  a  matter  entirely  of 
having  the  men  believe  that  they  are  treated  fairly. 

Mr.  Cobleigh  : — Do  you  make  the  changes  in  rates  ef- 
fective at  once  or  at  a  future  date? 

Mr.  Hastings: — Whenever  we  see  fit.  We  post  a  no- 
tice on  the  board,  "Beginning  this  morning,  such-and- 
such  rates  are  changed."  We  simply  have  gone  ahead 
and  made  changes ;  there  has  not  been  any  trouble. 

Edgar  Gardner: — Have  you  ever  considered  setting 
up  a  reserve  so  that  the  non-productive  labor  would  par- 
ticipate in  the  saving? 

Mr.  Hastings: — We  studied  that  carefully  for  about 
10  months  but  discarded  it  for  two  reasons;  because  of 
its  unwieldiness  and  second,  the  difficulties  in  handling 
what  is  called  the  maximum-estimate  system,  which  is 
based  on  the  condition  of  cars  when  they  come  in  for 
service.  One  fellow  takes  as  good  care  of  his  car  as  he 
would  of  his  piano;  his  car  is  in  fine  condition.  The 
time  required  on  that  car  is  the  minimum.  Another  fel- 
low abuses  his  car,  never  greases  it  and  never  washes  it. 
The  tire  required  for  a  given  operation  on  the  two  cars 
is  very  different.  The  maximum-estimate  system  is 
based  on  giving  the  careful  owner  the  advantage.  That 
is  where  the. trouble  occurs;  when  you  tell  the  other  fel- 
low he  has  not  taken  care  of  his  car,  you  antagonize  him ; 
he  says,  "I  grease  my  car  every  other  day  and  wash  it 
every  night,"  and  so  on.  He  is  lying;  there  is  no  doubt 
about  it,  but  you  cannot  tell  him  that  he  is  without  an- 
tagonizing him,  and  then  you  have  more  trouble  than  if 
you  had  made  it  a  flat-rate  proposition. 

We  take  care  of  the  participation  of  non-productive 
labor  in  a  different  way.  We  give  bonuses  at  the  end  of 
the  year  to  our  non-productive  men.  It  is  difficult  to  ar- 
rive at  a  rational  basis  for  a  bonus  for  the  non-produc- 
tive group ;  at  least,  we  have  not  been  able  to  devise  any- 
thing yet  that  is  rational,  so  we  have  arbitrarily  given 
each  man  a  check  of  whatever  size  we  deemed  proper  at 
Christmas. 

Mr.  Gardner: — Do  you  believe  that  the  system  really 
enables  a  man  to  capitalize  his  ability? 

Mr.  Hastings: — There  is  no  doubt  about  it,  so  far  as 
our  experience  goes.  We  have  had  no  trouble  in  getting 
good  mechanics ;  they  are  attracted  to  the  shop  because  of 
the  report  of  high  wages  and  good  working  conditions. 


Mr.  Gardner: — Have  you  ever  considered  paying  a 
bonus  on  a  completed  job,  based  on  a  percentage  of  the 
number  of  hours'  work  and  the  rate  of  pay?  If  a  job 
came  into  your  shop  that  involved  possibly  three  or  four 
different  kinds  of  work,  such  as  transmission  work,  en- 
gine work  and  the  like,  have  you  considered  paying  a 
bonus  on  that  jo!)  as  a  completed  job  as  compared  with 
the  individual  operation? 

Mr.  Hastings:— No;  we  talked  about  it  but  dismissed 
it  because  of  too  great  complication  in  bookkeeping.  A 
man  may  be  good  with  a  wrench,  a  screw-driver  and  a 
pair  of  pliers,  yet  when  talking  percentage  or  bonus,  he 
is  lost.  It  is  essential  that  the  men  understand  clearly 
the  basis  on  which  they  are  paid. 

Mr.  Gardner: — Have  you  ever  found  that  when  two 
men  are  working  on  a  car  and  one  operation  overlaps  the 
other  a  tendency  exists  for  one  man  to  antagonize  the 
other,  to  get  the  advantage  of  having  completed  his  iob 
first? 

.  Mr.  Hastings:— We  have  had  practically  no  trouble  of 
that  kind  since  we  got  rid  of  the  few  men  who  were 
trouble-makers  at  the  start. 

Mr.  Gardner: — What  is  the  minimum  efficiency  per- 
centage of  your  present  plan?  For  instance,  you  have 
one  man  125-per  cent  efficient ;  he  earns  25  per  cent  more 
than  he  would  earn  on  straight  time. 

Mr.  Hastings:— I  cannot  say,  without  referring  to  the 
figures  in  the  detailed  analysis. 

Mr.  Gardner: — Do  you  set  a  maximum? 

Mr.  Hastings:— No,  that  is  left  to  the  foreman's  judg- 
ment. He  sizes-up  the  men;  if  they  do  not  come  up  to 
the  standard,  he  gets  rid  of  them  and  gets  someone  else. 

Mr.  Gardner  : — Do  you  set  a  maximum  amount  that  a 
man  can  earn? 

Mr.  Hastings  :— No.  One  man,  whom  we  had  to  get 
rid  of  finally,  was  the  fastest  man  with  tools  that  I 
ever  have  seen  or  ever  expect  to  see.  In  one  particular 
job  he  changed  a  clutch-release  bearing  in  about  2  hr. 
This  involved  pulling  out  the  floor-boards,  taking  off  the 
transmission,  dismounting  the  clutch,  taking  out  the 
bearing,  putting  it  back,  assembling  the  clutch  to  the 
transmission  and  putting  the  transmission  and  the  floor- 
boards back.  The  average  time  on  that  job  is  about  6  hr. 
I  probably  would  take  all  day  to  do  it,  and  then  would 
not  finish  it.  But  he  became  careless ;  he  left  a  couple  of 
cotter-pins  out  of  connecting-rod  bolts  one  day.  After  a 
few  things  like  that,  and  when  we  found  we  could  not 
cure  him,  we  had  to  get  rid  of  him. 

T.  C.  Plumridge: — How  do  you  regulate  the  amount  of 
straight  time  that  the  men  work? 

Mr.  Hastings  :—  That  is  the  duty  of  the  service  sales- 
men. We  try,  so  far  as  possible,  to  put  everything  on 
contract.  There  are  some  wreck  jobs  on  which  it  is  im- 
possible to  establish  a  flat  rate,  because  we  cannot  de- 
termine until  we  get  inside  what  the  job  will  amount  to. 
We  sometimes  guess  and  quote  a  price,  but  that  price 
always  includes  a  large  margin  because  of  the  uncer- 
tainty; probably  25  per  cent  more  than  the  bill  would 
have  been  on  a  straight-time  basis. 

Mr.  Plumridge: — When  several  men  are  working  in  a 
shop,  how  do  you  regulate  the  straight  time?  You  can- 
not give  one  man  more  straight  time  than  another. 

Mr.  Hastings: — The  foreman  takes  care  of  that.  He 
assigns  jobs  to  the  men  and  it  is  his  duty  to  rotate  the 
straight  time  and  piece-work  so  that  all  the  men  will 
have  equal  chances. 

Mr.  Plumridge: — You  have  the  chance  of  a  foreman's 
giving  the  preference  to  certain  men. 

Mr.  Hastings: — Yes;  but  our  foreman  does  not  show 
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any  preference.  We  have  done  considerable  educational 
work  with  our  men.  We  establish  certain  fundamentals 
and  we  talk  them  day  in  and  day  out  with  little  side- 
lights on  them  on  particular  occasions  that  come  up,  un- 
til our  whole  crew,  I  think,  thoroughly  believes  in  those 
fundamentals  and  is  trying  to  live  up  to  them.  If  we 
find  a  man  that  will  not  fall  into  line,  we  simply  get  rid 
of  him.  We  try  the  educational  method  first,  and  if  it 
does  not  succeed,  we  get  someone  else.  It  is  the  business 
of  the  service  manager  or  the  foreman  to  pick  out  the 
men  and  educate  them. 

Mr.  Gardner: — An  owner  will  pay  for  the  work,  re- 
gardless of  whether  it  is  done  in  the  minimum  or  in  the 
maximum  time.  To  a  certain  extent  you  are  taxing  the 
man  that  keeps  his  car  in  good  condition  and  giving  the 
man  who  does  not  take  care  of  his  car  the  benefit.  You 
fix  the  minimum  rate  that  a  man  should  earn  and  a  maxi- 
mum rate;  you  arbitrarily  adjust  the  rates  so  that  the 
men  can  earn  about  so  much  money ;  you  mention  25  per 
cent.  It  looks  to  me  as  if  you  have  figured  that  these 
fellows  can  earn  25  per  cent  and  that  this  amount  is 
about  what  you  intend  to  give  them. 

.Mr.  Hastings: — That  is  about  the  way  it  works  out. 
They  can  earn  about  25  per  cent  more  than  on  the  aver- 
age day's  work  or  the  hourly  rate  in  Detroit.  We  are 
competing  in  the  labor  market  with  persons  who  pay 
about  50,  60  and,  in  some  cases,  75  cents  per  hr.  for 
labor  and  we  make  it  possible  for  a  man  to  earn  ap- 
proximately 25  per  cent  more  than  at  the  established 
hourly  rate  in  Detroit. 

Mr.  Gardner: — You  only  come  about  half-way  with 
the  proposition  on  both  those  points.  It  is  a  compromise 
proposition. 

Mr.  Hastings  : — That  is  true.  It  would  be  very  satis- 
factory if  a  feasible  system  could  be  worked  out  to  give 
the  careful  owner  the  benefit  of  the  saving,  but  we  find 
that  the  average  owner  is  not  interested  so  much  in 
whether  the  hourly  rate  is  75  or  95  cents  for  a  particular 
job  as  he  is  in  knowing  before  the  work  is  started  what 
the  total  cost  will  be.  Further,  we  consider  this  method 
of  charging  the  owner  compares  very  favorably  with  the 
charges  for  insurance  or  with  street-car  fares. 

Mr.  Lord: — Do  you  give  the  owner  any  indication  of 
what  the  material  charge  will  be? 

Mr.  Hastings: — When  it  is  likely  that  much  material 
will  be  involved,  we  tell  him  that  if  certain  parts  are  re- 
quired it  will  be  a  certain  amount  per  piece ;  but,  in  most 
cases,  we  cannot  tell. 

A.  B.  Chambers: — You  spoke  of  having  a  very  fast 
man  in  your  service  department  who  did  a  6-hr.  job  in 
2  hr.  Did  you  ever  have  a  man  bring  in  a  car  and,  when 
he  found  it  ready  sooner  than  he  expected  because  the 
speed  of  that  particular  workman  was  greater  than  that 
of  the  average  mechanic,  call  you  a  robber  for  charging 
$3  to  $4  per  hr.? 

Mr.  Hastings: — That  is  easily  taken  care  of,  if  you 
watch  it.  We  simply  do  not  deliver  the  car  in  that  length 
of  time.  We  have  had  several  of  those  cases  but,  at  most, 
they  are  rare. 

Mr.  Gardner: — What  percentage  of  the  cars  that 
come  in  have  had  excellent  care? 

Mr.  Hastings: — I  cannot  say  as  to  that. 
Mr.  Gardner: — You  really  do  not  know  then  exactly 
how  the  flat-rate  is  affecting  the  owner,  whether  the  man 
who  keeps  a  car  in  poor  condition   is   getting  the  ad- 
vantage. 

Mr.  Hastings: — To  my  mind,  that  is  more  or  less  an 
academic  proposition.  The  average  time  as  compared 
with  the  minimum  and  maximum  times  will  not  be  25 


per  cent  off  from  either,  except  in  extreme  cases.  Sup- 
pose a  man  averages  2  hr.  A  man  who  keeps  his  car  in 
excellent  condition  possibly  could  get  that  job  done  in 
lVfe  or  134  hr. ;  it  might  take  the  man  on  the  other  side 
of  the  fence  212  hr.  The  actual  difference  in  cost  is  more 
than  made  up  by  the  speeding-up  all  through  the  organi- 
zation. Suppose  these  two  jobs  were  put  on  a  straight- 
time  basis,  you  would  find  that,  instead  of  the  1%  hr. 
that  the  one  job  would  take  under  our  present  system,  it 
would  take  a  full  2  hr.  on  the  straight-time  basis;  and 
the  job  that  would  take  212  hr.  under  our  system  would 
probably  take  31  2  hr.  on  the  straight-time  basis.  They 
both  win,  but  the  fellow  that  does  not  take  such  good 
care  of  his  car  wins  a  little  more  than  the  other  fellow, 
but  they  are  both  ahead  of  the  game,  because  all  the  work 
is  speeded-up.  Fairness  with  the  owner  is  a  fundamen- 
tal requisite  of  all  service,  if  it  is  good  service.  We  do 
not  tell  the  owner  that  the  job  will  take  l1?  hr.  and  then 
do  it  in  1  2  hr. ;  we  do  not  talk  time  to  him  at  all ;  we  tell 
him  that  a  certain  job  will  cost  him  $1.50  or  whatever 
it  may  be,  and  he  agrees  that  that  is  a  fair  charge  for 
the  work  when  he  signs  the  order.  If  there  is  an  im- 
pression in  his  mind  that  it  is  not  fair,  he  does  not  have 
to  sign  the  order  or  leave  the  work  with  us.  It  is  not 
like  charging  him  two  or  three  times  what  the  work  is 
worth  after  it  has  been  done;  the  price  is  agreed  upon 
beforehand;  if  he  does  not  like  it,  he  need  not  give  the 
order. 

A  Member: — If  a  man  felt  that  he  were  being 
"gypped"  by  the  flat-rate  system,  why  would  it  not  be 
right  to  work  on  his  car  by  the  day  and  charge  accord- 
ingly? He  would  find  out  in  the  long  run  that  he  was 
paying  more  than  it  would  cost  the  other  way. 

Mr.  Hastings: — It  would  be  right.  We  do  it  on  re- 
quest, but  it  is  seldom  requested. 

Mr.  Cobleigh  : — It  makes  no  difference  to  the  mechanic 
how  the  car  got  into  a  certain  condition.  The  reward  of 
the  careful  driver  is  that  he  does  not  get  into  the  shop 
for  repairs  nearly  so  soon  nor  so  often  as  the  careless 
driver.  When  bearings  are  worn-out,  it  is  immaterial 
how  they  were  worn-out ;  they  must  be  replaced.  The  old 
illustration  that  a  bald-headed  man  pays  as  much  for  a 
hair  cut  as  the  man  with  bushy  hair  is  another  answer. 
I  do  not  believe  Mr.  Gardner  knows  how  many  hours  it 
took  to  make  the  suit  of  clothes  he  is  wearing,  and  I  do 
not  think  he  cares.  The  flat-rate  is  better  for  the  cau- 
tious owner  as  well  as  the  careless  owner  because  the 
average  that  both  pay  on  the  flat-rate  plan  always  proves 
to  be  less  than  even  the  careful  fellow  has  to  pay  on  the 
time-and-material  basis. 

Mr.  Plumridge: — What  did  Mr.  Hastings  do  in  the 
way  of  educating  his  men,  in  giving  them  the  easiest 
way  to  their  work,  and  so  on? 

Mr.  Hastings: — A  blueprint  sheet  covering  each  op- 
eration was  used.  We  explained  to  the  men  in  detail  what 
we  were  trying  to  do  and  the  inspectors,  shop  foremen, 
service  manager  and  myself  all  have  collaborated  in 
getting  into  the  instructions  the  best  methods  and  the 
best  routine  or  sequence  of  operations  to  do  the  work 
properly  and  with  the  least  effort.  When  a  man,  for  in- 
stance, develops  a  certain  tool,  he  is  rather  proud  of  it, 
and  the  foreman  soon  knows  about  it.  If  it  is  worth- 
while, we  have  one  or  more  of  them  made  and  put  into 
the  tool  crib  for  the  men  to  draw  out  as  they  need  them 
for  that  operation.  I  think  the  whole  answer  lies  in 
getting  the  confidence  of  the  men.  If  the  men  believe 
that  you  think  of  their  interests  and  want  them  to  suc- 
ceed and  make  more  money,  and  you  enable  them  to  ad- 
vance their  positions  as  the  opportunities  occur,  you  will 
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find  that  they  will  be  more  than  willing  to  cooperate;  at 
least,  we  have  found  it  so.  The  man  who  now  is  our  shop 
foreman  came  into  the  organization  as  a  mechanic.  He 
wmked  for  6  to  8  months  as  an  ordinary  mechanic  with 
no  promises  whatever  in  the  way  of  preferment  before 
we  boosted  him  into  his  present  job.  The  two  men  who 
act  as  inspectors  at  present  started  in  as  ordinary 
mechanics. 

Mr.  Plumridge: — Do  you  supply  instruction-books  to 
enable  the  men  to  do  their  work  more  quickly? 

Mr.  Hastings: — Nothing  except  these  sheets.  Many 
companies  have  a  bible,  as  they  call  it.  which,  if  it  is 
good  at  all,  gradually  grows  so  bulky  that  the  average 
man  does  not  take  the  trouble  to  read  it;  so,  we  have 
avoided  anything  of  that  kind.  We  have  tried  to  make 
anything  we  give  the  men  intensely  practical. 

If  a  man  finds  out  or  thinks  that  the  routine  is  wrong 
or  that  some  other  way  is  better,  we  encourage  him  to 
try  it,  to  let  the  foreman  know  what  he  is  doing  and  work 
it  out.  If  a  man  finds  a  method  that  is  better,  we  cheer- 
fully rewrite  the  instructions  and  adopt  the  new  method. 
When  that  is  done,  we  put  a  note  on  the  bottom  margin, 
"Rewritten,"  and  date  it  to  make  sure  that  the  later 
sheets  are  all  distributed.  We  have  a  suggestion  box 
and  pay  from  $2  to  $5  for  each  good  suggestion.  Sugges- 
t  ions  of  this  sort  are  cashable  propositions  for  the  men. 

Mr.  Lord: — When  dealing  with  high-priced  cars  where 
the  percentage  of  chauffeurs  is  high,  would  you  stick  to 
a  fiat-rate  plus  material  charge?  There  is  a  demand,  as 
you  have  brought  out,  to  know  beforehand  what  the  job 
will  cost.  When  the  owner  is  farther  away  from  the  car, 
as  is  the  case  with  a  higher-priced  car  with  a  chauffeur, 
il  is  a  question  whether  he  would  not  want  a  flat  figure 
for  the  job,  parts  and  labor. 

Mr.  Hastings  : — That  is  easily  taken  care  of ;  you  can 
tell  him  that  the  labor  will  be  so  much  and  that  the  rest 
will  depend  on  what  parts  are  required,  that  there  will 
be  a  maximum  figure  for  parts,  and  so  on.  I  would  not 
try  to  make  a  definite  figure  for  parts  before  the  job  is 
started.  I  would  give  a  flat  figure  for  labor,  so  far  as  I 
could,  except  in  the  case  of  wreck  jobs  and  work  of  that 
kind,  and  a  maximum  figure  for  parts,  depending  on  the 
nature  of  the  work  to  be  done. 

H.  N.  Davock  : — We  have  a  definite  charge  for  the 
labor  required  for  the  inspection  to  find  out  how  much 
the  material  will  be,  and  then  we  tell  the  owner  definitely 
what  the  total  charge  will  be.  I  think  that  is  necessary 
in  many  instances. 

Mr.  Hastings: — We  have  that  system,  also.  We  find 
that  it  means  a  telephone  call  to  the  owner;  he  will  not 
wait  while  you  are  making  the  inspection.  We  do  that 
when  an  owner  wants  to  know  definitely  just  what  the 
cost  will  be  but,  in  our  experience,  the  average  owner 
is  not  concerned  so  much  with  the  cost  of  parts  as  he  is 
with  the  labor. 

Mr.  Davock: — Why? 

Mr.  Hastings: — Because  the  parts  have  a  fixed  price. 
He  knows  that  if  he  gets  a  piston  he  must  pay  so  much; 
the  price  cannot  be  juggled.  We  charge  the  factory  list- 
price  plus  5  per  cent  for  parts. 

Mr.  Page: — I  think  you  are  contradicting  yourself,  be- 
cause you  have  said  truly  that  the  car-owner  today  wants 
to  know  how  much  a  repair  job  will  cost.  The  car-owner 
does  not  want  the  labor  and  parts  separated ;  he  wants 
to  know  exactly  what  the  job  will  cost,  complete. 

Mr.  Hastings: — If  the  owner  is  willing  to  wait  or  to 
depend  on  a  telephone  call,  we  tell  him  gladly  what  the 
complete  cost  will  be,  but  the  average  owner  will  not  wait. 
He  wants  to  get  out  of  the  door  and  to  his  work  in  the 


shortest  possible  time.  Some  owners  ask  us  to  call  back, 
or  they  call  in  the  course  of  an  hour  or  two;  in  those 
cases  we  give  the  complete  price. 

Mr.  Davock:— We  find  that,  on  a  small  job,  in  95  per 
cent  of  the  cases,  we  can  give  the  cost  of  labor  and  ma- 
terial, and  that  when  we  get  a  big  job  requiring  inspec- 
tion, the  owner  is  anxious  to  know  whether  it  is  a  $200 
or  $300  job,  and  he  wants  to  know  what  the  material  cost 
will  be  just  as  much  as  he  wants  to  know  about  the  labor 
charge.  The  material  must  be  averaged,  just  as  the  labor 
must  be  averaged  now;  we  believe  that  this  is  just  as 
permissible  with  material  as  it  is  with  labor. 

Mr.  Hastings:— Yes,  I  think  it  is  permissible.  As  I 
have  said  before,  the  owner  is  not  interested  so  much  in 
the  actual  amount  that  he  must  pay  as  he  is  in  knowing 
the  amount  beforehand.  If  a  man  wants  a  new  front 
fender,  let  us  say,  we  may  have  to  put  in  some  new  bolts 
or  a  new  anti-squeak  strip,  or  something  like  that,  or 
we  may  not ;  50  cents  to  $1  will  cover  the  difference ;  and 
I  think  it  is  entirely  permissible  as  you  say,  to  average 
the  price  on  that  basis. 

Mr.  Davock: — You  can  average  the  material  closely 
enough,  and  then  you  are  exact  and  do  not  leave  any  loop- 
holes for  argument  or  question. 

Mr.  Plumridge  :— Probably  some  will  doubt  whether 
you  put  the  parts  in. 

Mr.  Hastings:— We  save  the  old  parts  and  give  them 
to  the  owner  with  our  compliments. 

Mr.  Gardner: — It  really  is  a  very  short  step  from  the 
ordinary  system  to  the  flat-rate  system  because,  on  al- 
most all  jobs  nowadays  that  amount  to  $75  or  more,  you 
are  obliged  to  submit  an  approximate  estimate.  In  the 
last  4  or  5  years,  in  our  service-station,  the  number  of 
jobs  that  we  have  been  called  on  to  estimate  has  gradu- 
ally increased. 

Mr.  Hastings: — You  probably  spend  as  much  time 
estimating  on  jobs  as  would  be  required  to  put  in  a  flat- 
rate  system. 

Mr.  Greenamyer: — On  the  write-up  sheets  that  our 
service  salesman  has,  there  is  printed,  "Do  or  do  not  save 
old  parts."  It  takes  about  10  sec.  to  find  out  whether  the 
owner  wants  the  old  parts  saved.  If  he  does,  they  are 
put  into  his  car  and  he  takes  them  away  with  our  com- 
pliments. In  case  an  operation  can  be  shortened  and  a 
saving  effected,  do  you  leave  the  flat-rate  as  originally 
set,  or  do  you  give  the  customer  the  benefit ;  if  so,  what 
percentage  do  you  keep  to  cover  the  overhead  and  lost 
production? 

Mr.  Hastings:— We  have  had  cases  like  that.  One  of 
them  in  particular  was  a  rattling  in  the  steering-gear 
between  the  control  tubes.  We  devised  a  tool  for  ex- 
panding the  tubes  to  fit  the  bushing,  rather  than  trying 
to  ream  the  bushing  to  fit  the  tube.  The  bushing  is  thin- 
walled  and  the  tubes  vary  in  diameter  from  end  to  end, 
so  we  leave  the  tube  in  position,  hit  the  tool  with  a  ham- 
mer and  expand  the  tube  to  fit  the  bushing;  that  takes 
out  the  rattle.  Instead  of  its  being  a  2y2-hr.  job,  which 
it  probably  would  average  with  new  bushings,  new  tubes 
and  so  on,  it  is  about  a  20-min.  job  to  take  it  apart,  ex- 
pand the  tube  and  reassemble  it.  We  have  an  account 
that  we  call  "use  of  special  equipment,"  to  which  we 
charge  a  certain  percentage  of  the  saving  in  such  cases. 
We  give  the  owner  about  75  per  cent  of  the  saving,  take 
about  25  per  cent  ourselves  and  reduce  the  rates  ac- 
cordingly. 

Mr.  Cobleigh  : — The  suggestion  about  returning  the 
old  parts  was  good  but  I  did  not  like  the  expression, 
"With  our  compliments."  The  parts  belong  to  the  owner, 
unless  you  allowed  something  for  the  old  parts  when  you 
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sold  him  the  new  ones.  But  aside  from  that,  it  is  a  wise 
thing  to  do,  because  it  convinces  the  owner  that  the  parts 
he  bought  actually  went  into  the  car,  and  will  help  to  re- 
gain the  public  confidence. 

Mr.  Lord: — The  difference  between  the  owner-driven 
car  and  the  chauffeur-driven  car  comes  up  again;  that  is, 
the  question  of  how  much  advantage  there  is  in  return- 
ing parts  to  the  chauffeur-driven  vehicle.  With  high- 
priced  chauffeur-driven  cars,  you  will  find  that  a  large 
majority  of  the  owners  never  drive  the  cars  and  do  not 
know  anything  about  them. 

Mr.  Hastings: — For  that  reason  I  think  you  should 
go  to  the  owner.  We  have  a  man  who  does  nothing  but 
talk  to  owners  part  of  the  time;  we  do  not  keep  him  at 
that  regularly. 

Mr.  Lord: — To  discuss  repairs? 

Mr.  Hastings: — Yes,  and  to  find  out  whether  the  car 
is  satisfying  the  owner;  if  there  is  anything  that  does 
not  satisfy  him,  to  find  out  about  it  and  take  steps  to 
correct  it.  Certain  owners  will  not  come  to  you;  you 
must  go  to  them. 

Mr.  Lord  : — We  get  along  finely  with  owners  who  drive 
their  cars;  it  is  those  who  insist  on  doing  business  with 
us  through  their  drivers  that  we  are  more  liable  to  get 


into        more        or        less        serious        trouble        with. 

Mr.  Hastings: — I  had  an  example  of  that  recently;  it 
is  not  exactly  parallel,  but  is  similar.  A  man  bought  a 
sedan  last  February.  He  says,  and  I  cannot  dispute  him 
although  he  cannot  prove  it  to  me,  that  he  has  had  con- 
stant trouble  with  his  starter  sticking.  Occasionally  a 
soft  flywheel  will  get  through.  He  says  he  has  had  con- 
stant trouble  for  11  months;  yet,  the  first  I  heard  of 
it  was  last  week.  He  is  as  sore  at  us  as  it  is  possible  for 
a  man  to  be,  yet  he  has  not  come  to  us  and  told  us  of  his 
troubles.  It  puts  us  in  a  very  awkward  position.  If  we 
had  known  of  this  months  ago,  it  would  have  been  a  sim- 
ple matter  to  fix  it  and  satisfy  him;  so  I  say  there  are 
certain  owners  that  you  must  go  to  instead  of  waiting 
for  them  to  come  to  you. 

Mr.  Plumridge: — I  believe  50  per  cent  of  the  trouble 
could  be  avoided  if  you  would  educate  the  owner  to  know 
something  of  the  work  that  must  be  done  to  the  car  to 
put  it  in  serviceable  condition. 

Mr.  Hastings: — The  education  of  owners,  though,  is 
a  long  and  difficult  task. 

Mr.  Plumridge: — If  a  technical  man  could  talk  to 
those  men  in  such  a  way  that  they  could  understand  it, 
it  would  help  very  much. 


1922  RETURNS  TO  AMERICAN  FARMERS 


A  RETURN  of  $917  to  the  owner  operator  for  the  use 
of  $16,400  of  capital  and  the  labor  of  the  farmer  and 
his  family  during  the  year  1922  is  the  average  shown  by  a 
survey  of  over  6000  representative  farms  just  completed  by 
the  United  States  Department  of  Agriculture.  These  farms 
average  somewhat  larger  in  size  and  value  than  the  average 
of  the  United  States,  according  to  the  1920  census. 

This  return  included  $715  cash,  the  margin  of  receipts 
over  cash  outlay,  plus  an  increase  of  $202  in  inventories 
of  crops,  live  stock  and  machinery.  In  addition,  the  average 
farm  produced  food  and  fuel  consumed  on  the  farm,  esti- 
mated to  be  worth  $294.  This  $715  cash  balance  was  all 
the  average  farm  made  available  to  the  owner  to  pay  his 
living  expenses  and  take  care  of  debts. 

The  results  of  the  operations  on  individual  farms,  which 


make  up  the  average  of  $917,  ranged  from  a  margin  of 
$58,000  of  receipts  over  expenses  to  a  deficit  of  $34,000  of 
receipts  under  expenses.  Fourteen  per  cent  of  the  farms 
failed  to  break  even,  the  survey  shows.  About  two-thirds  of 
the  farms  returned  less  than  $1,000  each.  Twenty-eight  per 
cent  returned  $1  to  $500;  23  per  cent  returned  between  $500 
and  $1,000;  14  per  cent  between  $1,000  and  $1,500;  7  per 
cent  between  $1,500  and  $2,000,  and  only  8  per  cent  or  one 
farm  in  every  twelve  returned  more  than  $2,500  net  for  the 
year. 

The  size  of  the  farms  was  252  acres  on  the  average,  and 
the  reported  value  of  land  and  buildings  $13,600.  The  value 
of  crops,  live  stock  and  machinery  on  hand  at  the  beginning 
of  the  year  was  $2,800,  making  a  total  capital  of  $16,400. — 
Economic  World. 


PETROLEUM  PRODUCTS 


A  REVIEW  of  refinery  production  in  the  United  States  for 
a  few  recent  years,  covering  the  four  chief  petroleum 
products,  shows  that  the  output  of  gas  and  fuel  oil  and  of 
gasoline  has  made  an  unbroken  advance,  while  that  of  the 
other  major  products  showed  a  decline  in  1922  from  the  high 
mai-ks  reached  earlier.  Production  in  millions  of  42-gal. 
barrels  was  as  given  in  the  accompanying  table. 

So  far  the  supply  of  fuel  oil,  although  dependent  rather 
upon  the  production  of  gasoline  than  upon  the  demand  for 
oil,  has  not  limited  the  extension  of  its  use,  except  insofar 
as  advancing  prices  have  in  some  fields  placed  it  beyond  the 
level  of  competition  with  coal.  For  those  purposes  for  which 
it  has  special  advantages,  such  as  marine  fuel,  its  use  will 
probably  continue  to  be  extended.     In  other  fields  the  use  of 
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46 

21 
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255 

148 
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23 

fuel  oil  will  be  determined  by  the  availability  and  relative 
cost  of  coal;  here  freight  and  labor  charges  and  the  location 
of  deposits  will  be  important  factors. — Commerce  Monthly. 
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Gear-Grinding  and  Tooth-Forms 


By  Glenn  Muffly1 
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Illustrated  with  Photographs  and  Charts 


THE  production  of  noiseless  gears  requires  that  min- 
ute errors  in  tooth-curves  be  avoided.  Objection- 
able sound-waves  are  caused  by  a  gear-tooth  error  of 
0.0003  in.  and,  as  steel  cannot  be  depended  upon  to  go 
through  the  heat-treating  process  and  retain  so  great 
accuracy  as  this,  the  teeth  must  be  ground  after  they 
have  been  hardened;  and  the  grinding  operation  must 
be  a  generating  process.  The  old  method  of  cutting 
involute  teeth  with  a  formed  cutter  demanded  close 
adherence  to  the  pitch-diameter  and  no  mention  was 
made  of  the  base-circle,  which  is  the  basis  of  modern 
practice. 

After  demonstrating  the  elementary  principles  in- 
volved in  the  development  of  the  involute  curve  and 
showing  the  relations  of  the  pitch-diameter,  the  pres- 
sure-angle, the  pitch  and  the  form  of  the  tooth,  and  of 
the  base-circles  and  the  pitch-circles  and  the  base-circle 
tangents  that  cross  at  the  point  of  pitch-circle  contact, 
and,  similarly,  beween  the  last  named  and  the  rack 
profile  with  its  straight  pitch-line,  tangent  to  the  two 
pitch-circles,  the  author  proves  that  the  rack  profile 
moving  in  synchronism  with  the  pitch-curve  will  gener- 
ate the  same  involute  curve  as  that  developed  from  the 
base-circle.  Consequently,  the  straight  line  of  the  rack 
tooth  is  used  to  generate  involute  gear-teeth  and  the 
cutting  tool  is  moved  tangentially  at  the  same  velocity 
as  the  gear  rotation  on  the  pitch-circle.  This  principle 
is  then  applied  to  hobbing,  in  which  case  the  gear 
rotates  while  the  rotation  of  the  hob  provides  the  tan- 
gential movement  of  the  tool.  The  modern  process 
of  gear-cutting  that  is  described  employs  the  same 
principle  and  has  the  same  relative  motion,  but  it  is 
the  gear  that  moves. 

The  relative  movement  between  the  work  and  the 
grinding-wheel  is  obtained  by  tapes  and  segments  or 
circles,  the  diameter  of  the  segment  or  circle  being  the 
pitch-diameter  of  the  gear  less  a  certain  allowance  on 
account  of  the  thickness  of  the  tape,  and  the  effective 
radius  being  practically  the  radius  of  the  segment  plus 
one-half  the  thickness  of  the  tape.  The  difficulty 
encountered  due  to  the  variation  of  the  torque  as  the 
gear-tooth  rolls  into  and  out  of  engagement  with  the 
grinding-wheel  is  overcome  by  applying  the  power  to 
the  spindle  carrying  the  gear  instead  of  to  the  slide. 

The  method  of  determining  the  maximum  width  of 
face  that  can  be  ground  is  given  and  the  details  of 
construction  of  the  machine  used  in  grinding  by  this 
method  are  discussed,  as  is  also  a  gear-testing  machine 
for  measuring  the  microscopic  variations  from  theo- 
retically perfect  ground  gears,  and  for  showing  where 
and  by  how  much  a  gear  varies  from  a  true  involute. 
Inasmuch  as  the  real  test  in  the  prevention  of  noise  is 
the  tooth-to-tooth  difference  in  spacing,  which  must  be 
uniform,  and  to  provide  the  greatest  possible  accuracy, 
the  index  plates  were  obtained  from  an  astronomical 
dividing-engine. 

Changing  the  relation  of  the  rotation  to  the  slide- 
travel  will  modify  the  tooth-curve.  As  all  modern 
tooth-forms  are  based  on  the  involute  principle  the 
process  described  can  be  used  for  teeth  of  a  special 
form,  the  differences  between  the  tooth-forms  being  due 
to  differences  of  the  pressure-angle.  By  eliminating 
noise,  grinding  makes  possible  the  use  of  hardened 
gears  that  heretofore  could  not  be  made  quiet  and,  like- 


wise, opens  the  way  for  greater  use  of  four-speed 
transmissions  that  would  enable  engines  to  be  run 
within  their  most  efficient  range  for  the  greater  part 
of  the  time.  A  6  or  7  to  1  acceleration  with  a  four- 
speed  transmission  would  be  more  satisfactory  than  a 
5  to  1  acceleration  with  direct  drive.  Quiet  gears  also 
are  more  efficient.  Because  of  the  accuracy  with  which 
spur  gears  are  now  ground  it  is  possible  that  they  will 
replace  helical  timing-gears  and  chain  drives. 

WE  have  found  in  developing  our  gear-grinding 
process  that  objectionable  sound-waves  were  pro- 
duced by  a  gear-tooth  error  of  0.0003  in.  To  make 
transmissions  that  will  pass  rigid  inspection,  we  must 
first  find  this  minute  error  and  measure  it,  and  then 
eliminate  it  from  production.  Steel  cannot  be  depended 
upon  to  go  through  heat-treatment  and  come  out  so  ac- 
curate as  this.  We  must,  therefore,  generate  the  tooth- 
curves  after  the  steel  has  been  heat-treated  instead  of 
before.  I  say  "generate"  advisedly,  for  it  is  out  of  the 
question  to  hold  formed  wheels  or  cutters  within  such 
narrow  limits.  The  only  answer,  then,  is  to  grind  gear- 
teeth  after  hardening,  just  as  we  have  for  years  been 
grinding  many  parts  of  less  importance;  and  the  grind- 
ing operation  must  be  a  generating  process. 


Straight  Edge 


-n 


1  M.S.A.E. — President,    Muffly    Mfg.    Co.,    Cleveland    Heights,    Ohio; 
sales  manager,  Lees-Bradner  Co..  Cleveland. 


'•  -  Base  Circle 
Pig.   1 — Diagram   Showing   How  the  Involute 
Curve   Is    Developed 

The  purpose  of  this  paper  is  to  show  how  gear-teeth 
are  being  ground  within  this  new  limit  of  accuracy  in 
regular  production  and  how  the  minute  errors  in  tooth- 
curves  and  spacing  may  be  measured.  The  process  goes 
back  to  first  principles;  so  we  shall  start  by  considering 
the  elementary  principles  that  are  more  or  less  obscured 
in  the  older  processes  in  which  there  are  one  or  more 
steps  between  the  principle  and  the  finished  gear. 

The  involute  system  was  invented  before  generating 
machines  were  available.  The  old  method  of  cutting  in- 
volute teeth  with  a  formed  cutter  demanded  close  adher- 
ence to  the  pitch-diameter  for  which  the  cutter  was  made 
in  order  to  reproduce  the  desired  tooth-form.  The  gear 
books  of  that  time  emphasized  the  maintaining  of  the 
pitch-diameter.  All  calculations  were  based  on  the  pitch- 
diameter  and  no  mention  was  made  of  the  base-circle  at 
all.  Now  that  we  are  getting  back  to  first  principles  and 
generate  gear-teeth  from  the  straight  line  of  a  rack  tooth 
we  shall  have  to  forget  the  old  ideas  and  begin  to  think 
more  about  the  base-circle  diameter. 

Involute  Curve  Development 

In  Fig.  1  we  see  how  the  involute  curve  is  developed. 
The  involute  curve  on  a  spur  gear  is  always  the  involute 
of  a  circle.     There  are  involute  curves  developed  from 
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Fig. 


Developing   the   Involute    Curve   from   the    Base-Circle 


other  figures,  but  so  far  as  we  are  concerned  there  is 
only  one  involute  curve,  that  developed  from  the  base- 
circle  of  the  gear.  When  we  place  a  straight-edge  in 
contact  with  the  base-circle  and  roll  it  upon  the  base- 
circle,  any  point  on  the  straight-edge  will  trace  the  in- 
volute of  the  circle.  Tracing  an  involute  curve  is  similar 
to  "unwinding"  it,  as  it  can  be  traced  by  unwinding  a 
string  from  the  base-circle,  assuming  that  the  string  has 
no  thickness. 

In  Fig.  2  the  involute  curve  is  developed  from  the  base- 
circle,  which  is  always  smaller  than  the  pitch-circle.  Se- 
lecting a  pitch-diameter  as  represented  by  the  larger 
circle  of  the  two,  we  use  the  lower  portion  of  the  curve 


in  making  a  tooth  as  shown,  or  we  can  go  farther  out 
and  construct  another  tooth .  of  greater  pressure-angle, 
as  is  indicated.  If  we  were  to  go  still  farther  out  and 
select  a  pitch-circle,  as  is  indicated  by  the  dotted  line,  we 
should  have  a  still  greater  pressure-angle.  The  selection 
of  the  pitch-diameter  determines  the  pressure-angle. 
We  can  then  determine  how  many  teeth  we  shall  put  into 
this  circle,  thus  establishing  the  pitch  of  the  gear;  and 
we  decide  how  much  of  the  involute  curve  we  shall  use 
above  and  below  the  pitch-circle,  thus  deciding  whether 
the  tooth  shall  be  of  standard  depth,  a  stub  tooth,  or  of 
some  special  form. 

In  actual  practice  we  are  more  apt  to  start  with  a 
desired  pitch-diameter  than  with  a  given  base-circle;  so 
we  shall  proceed  as  shown  in  Fig.  3.  Starting  with  a 
pitch-circle  of  known  diameter  we  draw  the  tangent  t  tx. 


Fig.   3 — Diagram   Showing   How  the  Radius  of  the  Base-Circle 
Is  Determined  when  the  Pitch-Diameter  Is  Kno 


L<f. Cosi'n  e 


Fig.    4 — Diagrams    Showing   the   Relation    between   the    Pitch- 
Diameter,  the  Pressure-Angle  and  the  Base-Circle 

Next  we  decide  what  pressure-angle  we  shall  use,  say 
20  deg.,  and  we  draw  the  line  a  &  at  an  angle  of  20  deg. 
with  the  tangent,  crossing  the  pitch-circle  and  tangent  at 
the  point  of  tangency.  Now  we  drop  a  perpendicular 
from  the  center  c  to  the  line  a  b  and  with  the  line  c  b  as 
the  radius  we  draw  the  base-circle.  Referring  to  previous 
figures,  it  will  be  seen  that  the  line  a  b  is  tangent  to  the 
base-circle  and  the  point  a  will  describe  the  involute  curve 
a  alt  when  the  tangent  is  rolled  upon  the  base-circle.  We 
now  have  the  right-angled  triangle  a  b  c  of  which  we 
know  the  side  a  c,  the  radius  of  the  pitch-circle  with 
which  we  started.  We  also  know  that  the  angle  b  c  a 
equals  the  angle  bat  since  each  of  them  is  equal  to  one 
right-angle  minus  the  angle  b  a  c.  Knowing  the  hypoth- 
enuse  and  one  angle  of  this  right-angled  triangle  we  can 
find  the  length  of  the  side  b  c,  which  is  the  radius  of  the 
base-circle. 

In  Fig.  4  we  have  a  diagram  showing  how  this  is  done. 
If  the  hypothenuse  is  1,  the  length  of  the  base-line  will 
be  the  cosine  of  this  angle.  Turning  the  triangle  over 
and  rotating  it  until  its  position  coincides  with  the  posi- 
tion of  triangle  a  b  c  in  Fig.  3,  we  see  that  the  length  of 
the  line  b  c  is  found  by  multiplying  the  length  of  the  line 
a  c  by  the  cosine  of  the  pressure-angle.  Therefore,  we 
have  the  rule  which  may  be  stated  as  follows;  the  pitch- 
diameter  multiplied  by  the  cosine  of  the  pressure-angle 
equals  the  diameter  of  the  base-circle. 

Fig.  5  is  a  familiar  illustration  showing  the  relation  of 
the  base-circles  and  the  pitch-circles  to  the  base-circle 
tangents  crossing  at  the  point  of  pitch-circle  contact. 
Following  through  the  tracing  of  the  involute  curves  for 
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Fio.  5 — Relation  of  the  Base-Circles  and  the  Pitch-Circles  to 
the    Base-Circle    Tangents    Crossing    at    the    Point    of    Pitch- 
Circle  Contact 

each  side  of  each  tooth  of  each  gear,  it  will  be  found  that 
point  a  traces  the  driving  side  of  booth  b,  also  the  driven 
side  of  tooth  c,  and  so  on  for  the  other  teeth,  thus  prov- 
ing that  the  involute  theory  is  correct. 

Fig.  6  is  a  similar  diagram,  showing  also  the  rack  pro- 
file, which  has  a  straight  pitch-line,  tangent  to  the  two 
pitch-circles.  While  the  point  I  on  the  rack  pitch-line 
moves  to  the  point  m,  the  same  point  on  the  base-circle 
tangent  moves  to  the  point  n.  For  any  specified  amount 
of  angular  movement  the  distance  l-m  will  be  to  the  dis- 
tance l-n  as  I  is  to  the  cosine  of  the  pressure-angle.  It  is 
also  shown  that  the  point  n  has  not  only  traced  the  curves 
of  two  teeth   but  has  also  traced  one  side  of  the  rack 


Rack  Profile, 

r\ 

of  Rack 


qf/W 

Fig.  6 — Diagram.  Similar  to  That  Reproduced  in  Fig.  5.  Showing 
in   Addition  the   Rack  Profile,   Which  Has   a  Straight  Pitch- 
Line.  Tangent  to  the  Two  Pitch-Circles 

tooth,  which  is  a  straight  line.  We  can  thus  prove  that 
the  rack  profile  moved  in  synchronism  with  the  pitch- 
circle  will  generate  the  same  involute  curve  that  we  devel- 
oped from  the  base-circle.  To  generate  a  tooth-curve 
from  the  base-circle  our  cutting-tool  would  have  to  be  a 
point  and  consequently  the  operation  would  be  very  slow. 
For  this  reason  the  straight  line  of  the  rack  tooth  is 
used  to  generate  involute  gear-teeth  and  the  cutting  tool 
is  moved  tangentially  at  the  same  velocity  as  the  gear 
rotation  on  the  pitch-circle. 

In  Fig.  7  we  see  this  principle  as  applied  in  hobbing. 
In  this  case  the  gear  rotates  while  the  rotation  of  the 
hob  provides  the  tangential  movement  of  the  tool. 

Gear-Tooth  Grinding 

The  process  of  gear-tooth  grinding  that  we  use  em- 
ploys the  same  principle  and  we  have  the  same  relative 


motion,  though  it  is  the  gear  that  moves,  as  shown  in 
Fig.  8.  The  grinding-wheel  has  a  flat  side  which  repre- 
sents one  side  of  a  rack  tooth.  The  gear  is  rolled  along 
on  the  rack  profile  and  as  it  rolls  into  and  out  of  engage- 
ment with  the  grinding-wheel  one  side  of  a  tooth  is  fin- 
ished.    Starting  from  the  position  o  the  gear  rolls  past 
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Worm  representing  the  Hob 
which  is  cutting  the  Geoir 


Fig. 
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Imaginary  Rack  which 
forms  the  Gear  by  the 
molding  generating  process 
Its  Teeth  coincide  with  those 
of  the  Hob  when  the 
/after  is  set  as  shown 


Gear  Being  Cut 


1 — Diagram    Illustrating    the    Principle    of    the    Hobbing 
Process   for   Forming   Spur   Gears 


the  wheel  to  the  position  p,  reverses  and  rolls  back  to  the 
position  o  thus  passing  over  the  wheel  twice.  The  gear  is 
automatically  indexed  at  this  point  and  the  next  tooth  is 
rolled  over  the  wheel  twice.  This  operation  continues  un- 
til the  gear  has  made  a  complete  revolution,  or  in  some 
cases  two  complete  revolutions. 

When  the  gear  is  first  placed  on  the  machine  it   is 


Fig.  8- 


-Application  of  the  Hobbing   Principle  to  the  Grinding 
of  Gear-Teeth 
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Fig.    9 — How   the  Relative   Movement   between   the   Work    and 

THE     GRIXMXC-WhEEL     Is     OBTAINED     BT     TAPES     AND     SEGMENTS     OR 

Circles 

locked  into  position  so  as  to  register  with  the  grinding- 
wheel;  then  the  grinding-wheel  is  moved  in  the  direction 
marked  "Feed"  by  whatever  amount  is  allowed  for  the 
grinding  finish.  The  wheel  is  30  in.  in  diameter,  so  it  is 
not  necessary  to  dress  the  wheel  during  the  process.  The 
dressing  is  done  between  the  gears  at  intervals  of  from 
one  to  six  gears,  depending  on  the  size  of  the  gear  and 


Fig.  10- 


-The  Older  Method  of  Applying  the  Tape  and  Segment 
Principle 


the  amount  of  metal  removed.  Since  we  are  using  the 
flat  side  of  the  wheel  it  is  necessary  only  to  move  the 
diamond  at  right  angles  to  the  axis  of  the  wheel  to  main- 
tain this  flat  surface.  In  order  that  the  dressing  shall 
not  change  the  relative  positions  of  the  wheel  and  the 
work,  this  operation  is  performed  by  moving  the  wheel 
up  to  the  diamond  instead  of  moving  the  diamond  up  to 
the  wheel. 

The    relative    movement    between   the    work    and    the 


grinding-wheel  is  obtained  by  tapes  and  segments,  or 
circles,  as  shown  in  Fig.  9.  The  diameter  of  the  circle 
or  segment  is  the  pitch-diameter  of  the  gear,  less  a  cer- 
tain allowance  on  account  of  the  thickness  of  the  tape. 
The  effective  radius  is  practically  the  radius  of  the  seg- 
ment, plus  one-half  the  thickness  of  the  tape. 

Fig.  10  shows  the  older  method  of  applying  this  prin- 
ciple. The  slide  carrying  the  work  was  moved  longi- 
tudinally while  the  ends  of  the  tapes  were  secured  to 
fixed  points,  thus  obtaining  the  rotation  from  the  longi- 
tudinal movement. 

Fig.  11  illustrates  the  difficulty  encountered.  As  the 
gear-tooth  rolls  into  and  out  of  engagement  with  the 
grinding-wheel  a  variaion  in  the  torque  is  required  to 
rotate  the  gear,  and  this  variation  of  the  load  on  the 
tapes  produces  a  slight  variation  in  the  relative  angular- 
velocity.  When  working  within  such  close  limits  as  are 
necessary  to  make  a  spur  gear  really  quiet  we  cannot 
afford  to  let  even  such  a  slight  error  as  this  pass.  The 
resulting  error  is  shown  in  exaggerated  form  by  the  in- 
serted tooth-profile  at  the  left. 

Our  method  of  overcoming  this  difficulty  is  shown  in 
Fig.  12.  Power  is  applied  to  the  spindle  carrying  the 
gear  instead  of  to  the  slide.  The  frictional  resistance  to 
the  slide  movement  is  constant,  since  it  is  governed  by 
gravity  alone.  The  acceleration  and  the  deceleration  of 
the  slide  movement  occur  while  the  gear  is  not  in  mesh 
with  the  grinding-wheel. 

The  two  tapes  are  attached  to  a  tape-bar  supported  by 


Fig.    12 — Applying    Power    to    the    Spindle    Carrying    the    Gear 

Instead  of  the  Slide  Carrying   the  Grinding  Wheel  Is   Relied 

Upon  To  Overcome  the  Difficulty  Illustrated  in  Fig.  11 


Fig.  11 — How  the  Variation  in  the  Load  on  the  Tapes  Produces 
a  Slight   Vap.iation   in   the   Relative  Angular   Velocity   of  the 

Work  and  the  Grinding   Wheel 

This    Slight   Error.   Which    Is   Shown    in   an   Exaggerated    Form   by 

the  Tooth  Profile  at  the  Left,   Produces  a   Noisy  Gear 


_  a  heavy  overhanging  head,  as  shown  in  Fig.  13.  Vertical 
"N^  and  horizontal  adjustments  are  employed  only  in  setting- 
up. 

In  Fig.  14,  which  shows  an  elevation  of  the  complete 
machine,  we  can  see  these  various  elements  in  relation  to 
one  another.  The  spindle  that  carries  the  grinding-wheel 
is  arranged  to  swivel  for  various  pressure-angles  and  the 
saddle  that  carries  it  has  a  vertical  adjustment  for  vari- 
ous diameters  of  work. 

The  relation  of  the  grinding-wheel  to  the  gear  is  shown 
again  in  Fig.  15.  The  angle  of  the  grinding  surface 
with  the  perpendicular  is  equal  to  the  pressure-angle; 
in  other  words,  the  angle  between  the  grinding-wheel 
spindle  and  the  direction  of  work-travel  is  the  pressure- 
angle.  On  account  of  the  large  diameter  of  the  grinding- 
wheel  it  is  not  necessary  to  travel  the  wheel  along  the 
axis  of  the  gear. 

Fig.  16  shows  the  longitudinal  section  of  the  work- 
spindle  as  viewed  from  the  front  of  the  machine.    On  the 
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left  we  have  the  index  mechanism,  in  the  middle  the 
tapes  and  the  segments  and  at  the  right  the  gear  that  is 
being  ground.  The  arc  of  the  grinding-wheel  is  shown 
in  part.  The  indexing  is  obtained  from  hardened  steel 
plates,  a  different  plate  being  used  for  each  number  of 
teeth.  In  setting-up  the  machine  we  put  on  the  proper 
index-plate  for  the  number  of  teeth,  the  segment  and  the 
tapes  for  the  required  pitch-diameter  and  a  suitable 
arbor   or   fixture   for   holding  the   gear.     The  grinding-  . 


Fig.  13 — Method  of  Attaching  the  Tapes  to  a  Tape-Bar  That  Is 
Supported   by   a   Heavt   Overhanging   Head 

wheel  spindle  is  then  set  at  whatever  pressure-angle  we 
wish  to  grind  and  the  head  is  adjusted  vertically  for  the 
diameter  of  the  gear.    The  grinding-wheel  is  not  changed, 


Fig.    14 — Elevation    of    the    Complete    Gear-Grinding    Machine 

as  all  pitches  and  pressure-angles  are  ground  with  the 
same  flat  surface. 

Fig.  17  shows  how  to  determine  the  maximum  width  of 
face  that  can  be  ground.  It  is,  of  course,  necessary  that 
the  wheel  should  clear  the  full  depth  of  the  gear  in  the 
middle  of  the  face,  or  the  points  r  and  s  in  the  case  of 
two  gears  with  a  space  between  them,  and  that  the  wheel 
should  come  down  to  the  full  working  depth  at  points 
t  and  u.  On  a  six-pitch  gear  of  standard  clearance  we 
can  grind  1%  in.  of  face.  If  it  is  necessary  to  grind  a 
wider  face  the  gear  can  be  roughed-out  with  more  clear- 
ance at  the  bottom  to  allow  for  setting  the  wheel  in  to 
the  required  depth. 


Fig.    15 — Relation   of  the   Grinding  Wheel  to   the   Gear 

At  the  left  of  Fig.  18  is  a  view  of  the  machine  as  seen 
by  the  operator,  while  the  other  portion  of  the  illustra- 
tion is  a  rear  view  of  the  machine  showing  the  drive- 
pulley,  the  housing  over  the  index  mechanism  at  the  end 
of  the  work-spindle,  and  the  gearbox  that  controls  the 
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Fig.   16 — A  Longitudinal  Section  of  the  Work-Spindle  as  Seen 
from   the  Front  of  the  Machine 

rotation  of  the  work,  and  through  this,  by  means  of  the 
tapes,  the  travel  of  the  table. 

A  foot-brake  on  the  grinding  wheel  spindle  is  used  to 
save  time  in  stopping  the  machine.  The  tape-clamps  and 
the  tighteners  are  mounted  on  the  tape-bar  to  which  I 
have  referred.     Other  features  include  the  segment-roll 

30-i'n.  Diameter  Grinding  Wheel 
JL 


Fig.  17 — Diagram  Showing  Hove  the  Maximum  Depth  That  Can 
Be  Ground  Is   Determined 
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Fig.    18 — Side  and   Rear   Views  of   the    Gear-Grtndino,    Machine 


on  which  is  mounted  the  segment  on  which  the  tapes  are 
wound;  the  indexing  mechanism  that  automatically  in- 
dexes the  gear  from  tooth  to  tooth  between  passes  over 
the  wheel;  the  adjustable  stops  for  varying  the  travel  of 
the  carriage,  located  in  a  housing  in  front  of  the  index 
mechanism  and  directly  above  the  gearbox  for  controlling 
the  speed  of  the  carriage;  and  the  handwheel  for  actu- 


Fig.    19 — Front    View    of    the    Machine 


ating  the  carriage,  which  is  used  only  in  setting-up  the 
machine. 

Fig  19  is  a  front  view  of  the  same  machine. 

Fig.  20  shows  the  grinding-wheel  head.  At  the  left 
side  is  the  ball-crank  that  actuates  the  diamond  by  a 
worm  and  worm-gear.  The  adjustable  diamond-holder  is 
carried  by  a  crank  on  the  worm-gear  shaft  and  the 
diamond  itself  is  adjusted  against  a  hardened-steel  block 
that  definitely  establishes  the  plane  of  the  grinding-wheel 
surface.  The  handwheel,  shown  at  the  lower  right-hand 
side,  is  used  for  the  dressing  that  is  accomplished  by 
feeding  the  wheel  up  to  the  diamond.  It  is  provided  with 
a  stop  that  moves  as  the  wheel  is  dressed,  so  that  in 
making  the  setting  for  any  gear  the  wheel  always  stops 
in  the  same  plane. 

The  worm  and  worm-gear  adjustment  above  the 
spindle  is  used  in  setting  the  head  at  the  pressure-angle 
as  shown  on  a  vernier  dial.  If  the  operator  should  set 
the  head  at  the  wrong  angle  he  will  grind  a  different 
pressure-angle  but  will  keep  the  correct  pitch-diameter. 
Such  an  error  would  show-up  at  once  when  testing  the 
gear  on  the  machine  shown  in  Fig.  21. 

Since  this  process  is  based  entirely  on  elementary  prin- 
ciples employing  straight  lines  and  circles  instead  of 
master  forms  of  any  kind,  it  is  much  easier  to  hold  pro- 
duction to  an  exact  standard  than  when  the  accuracy  de- 
pends on  outside  sources.  The  process  and  the  operation 
of  the  machine  are  simple  enough  to  be  placed  in  the 
hands  of  unskilled  operators,  but,  of  course,  the  super- 
vision and  the  inspection  should  be  in  competent  hands. 

Testing  Gear-Grinding  Accuracy 

Fig.  21  is  a  general  view  of  the  gear-testing  machine 
that  we  found  it  necessary  to  design  to  measure  the 
microscopic  variations  from  theoretically  perfect  ground 
gears. 

At  the  left  of  Fig.  22  is  a  top  view  of  the  machine  be- 
fore the  gear  is  placed  on  it.  A  disc  is  ground  to  the 
base-circle  diameter  and  placed  on  the  work-arbor.  The 
tangent-bar,  or  straight-edge,  is  held  against  the  base- 
circle  by  the  two  ball-bearings  on  the  slide-frame  under 
spring  tension.  As  the  slide-frame  is  rotated  upon  the 
work-arbor  the  tangent-bar  rolls  about  the  base-circle 
and  the  point  of  the  contact-lever  traces  the  involute. 
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The  central  portion  of  the  illustration  shows  the  gear 
to  be  tested  in  place.  If  the  tooth-curve  is  a  perfect  in- 
volute the  indicator  will  stand  at  zero  while  the  contact- 
point  travels  from  the  base-circle  to  the  point  of  the  tooth. 
The  graduations  on  a  cross  member  of  the  slide-frame, 
just  below  and  to  the  left  of  the  indicator,  comprise  a 
travel-scale  showing  the  progress  of  the  point  of  tangency 
upon  the  tangent-bar,  and  therefore  the  progress  of  the 
contact-point  toward  the  point  of  the  tooth.  These  are 
purely  arbitrary  graduations  and  need  have  no  numerical 
unit  assigned  to  them.  On  a  given  tooth  we  find,  for  in- 
stance, that  21  graduations  represent  the  travel  from  the 


Fig.     20 — View    of    the    Grinding-Wheel    Head 

base-circle  to  the  point  of  the  tooth  and  we  can  tabulate 
a  record  showing  the  deviations  of  the  indicator,  plus  or 
minus,  at  each  of  these  lines.    In  this  way  we  can  plot  a 


Fig.  21 — General  View  of  a  Machine  That  Has  Been  Developed 
To  Measure  Microscopic  Variations  in  Gears 

curve  showing  where  the  tooth  is  high  and  where  it  is 
low.  The  indicator  reading  is  in  tenths  of  thousandths. 
There  are  a  number  of  other  methods  of  testing  gear- 
tooth  curves  but  we  have  found  this  method  to  be  most 
satisfactory  for  use  in  connection  with  our  gear-grinding 
machine  because  it  is  necessary  to  obtain  definite  meas- 
urements. It  is  not  enough  to  know  that  a  gear-tooth  is 
good  or  bad ;  we  want  to  know  where  and  by  how  much 
it  varies  from  the  true  involute.  If  the  gear  has  a 
greater  or  a  lesser  pressure-angle  than  the  one  intended, 
this  fact  will  show-up  at  once  in  a  very  definite  way.  It 
is  particularly  important  that  we  shall  be  able  to  tabu- 
late deviations  from  the  true  involute  at  various  points 
on  the  tooth  because  we  have  found  that  the  perfect  in- 
volute does  not  make  the  most  quiet  gear.  This  may  seem 
to  contradict  my  statement,  in  connection  with  Fig.  5, 
that  the  involute  curve  is  theoretically  correct. 

Tooth-Spacing 

Carrying  the  theory  just  a  little  farther,  it  is  obvious 
that  we  want  a  true  involute  curve  while  the  gear  is  un- 
der load,  not  while  it  is  on  the  testing-machine.  We  are 
working  with  such  minute  errors  that  we  must  take  into 
consideration  the  deflection  of  the  tooth  under  load  and 


Fig.    22 — A   Series   of   Views  of  the  Gear-Testing  Machine 
From  Left  to  Right  These  Are  a  Top  View  of  the  Machine,    the   Machine  with  the   Gear   in  Place   and  the   Machine   Ar- 
ranged To  Test  Tooth-Spacing 
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modify  the  tooth-curve  to  compensate  for  this  deflection. 
When  the  right  modification  has  been  found  and  the  re- 
sults have  been  tabulated  we  can  reproduce  this  modified 
curve  consistently,  and  with  the  testing-machine  we  can 
check  our  product  to  see  that  we  are  holding  to  the  de- 
sired curve. 

The  right  portion  of  Fig.  22  shows  how  this  same  ma- 
chine is  set-up  for  testing  the  tooth-spacing.  The  index- 
ing fixture,  shown  at  the  side  in  Fig.  21,  is  placed  on  the 
machine  and  locked  into  position  by  bringing  the  screw 
tension  up  against  the  base-circle.  This  fixture  does  not 
move  on  the  base-circle  and  is  locked  into  position  on  the 
slide-frame.  The  fixed  tooth-stop  at  the  left  is  clamped 
into  position  to  make  contact  with  one  tooth  while  the 
next  tooth  engages  the  point  of  the  contact-lever.  On 
the  first  space  the  indicator  is  set  at  zero;  the  gear  is 
then  lifted  out  of  engagement  with  the  stop  and  is  ro- 
tated one  tooth.  As  each  successive  tooth  is  brought 
against  the  stop  the  indicator  reading  is  noted.  It  shows 
tenths  of  thousandths,  plus  or  minus,  from  the  setting  on 
the  first  space,  and  when  we  get  back  to  the  first  tooth 
again  the  indicator  should  have  a  reading  of  zero,  which 
shows  that  nothing  has  been  moved  during  the  test. 
Similar  tests  sometimes  are  made  by  indicating  over  sev- 
eral teeth  or  half-way  round  the  gear,  but  the  real  test 
in  the  prevention  of  noise  is  the  tooth-to-tooth  difference 
in  the  spacing.  For  instance,  we  might  have  a  gear  on 
which  the  readings  start  at  zero  on  the  first  tooth,  with 
plus  0.0001  in.  on  the  next  tooth,  plus  0.0002  in.  on  the 
third  and  so  on,  half-way  round  the  gear,  and  then  de- 
crease 0.0001  in.  on  each  tooth  back  to  the  first  tooth.  This 
would  be  a 'good  gear  because  the  tooth-to-tooth  difference 
in  spacing  is  only  0.0001  in.,  but  if  we  tested  it  for  the 
cumulative  error  half-way  round  the  gear  and  happened 
to  select  the  same  starting-point,  we  should  get  an  error 
of  0.0020  in.  on  a  40-tooth  gear.     Another  gear  might 


Fig.  23 — Drawings  Illustrating  the  Two  Methods  of  Modifying 
the  Tooth  Curves 

The    Upper    Arrangement    Gives    a    Tooth    That    Is    Low    in    the 

Vicinity  of  the  Pitch-Line.   While  with   the   Other  the  Tooth-Curve 

Is  Low  at   Both   the   Point  and   the  Root 


show  no  error  when  tested  half-way  round,  but  there 
might  be  an  error  of  0.001  or  0.002  in.  between  two 
adjacent  teeth  when  tested  as  shown  here.  This  would 
not  be  a  good  gear. 

After  developing  this  process  to  the  point  of  obtaining 
involute  curves  that  were  practically  perfect,  we  found 
that  no  existing  method  of  indexing  was  accurate  enough 
to  go  with  such  tooth-curves  and  it  was  necessary  to  de- 
vise new  means  for  indexing  on  the  machine  as  well  as 
new  means  for  obtaining  master  index-plates.  The  in- 
dexing of  the  master  plates  now  used  was  obtained  from 
an  astronomical  dividing-engine,  said  to  be  the  most  ac- 
curate machine  of  its  kind  in  the  world. 

Modification  of  Tooth-Curves 

In  connection  with  the  modification  of  tooth-curves, 
we  see  in  the  upper  part  of  Fig.  23  one  of  the  methods 
of  accomplishing  this.  Any  change  in  the  relation  of  the 
rotation  to  the  slide-travel  will  produce  a  modification  in 
the  tooth-curve.  By  controlling  the  change  in  the  rela- 
tive motion  we  can  control  the  change  in  the  tooth-curve. 
This  view  shows  how  the  shim  v  is  placed  under  the  seg- 
ment without  changing  the  radius  iv.  This  produces  a 
tooth  that  is  low  in  the  vicinity  of  the  pitch-line.  The 
lower  part  shows  another  modification  using  a  radius, 
smaller  than  the  standard,  that  makes  the  curve  low  at 
the  point  and  low  at  the  root  of  the  tooth.  These  modi- 
fications are  very  minute  when  compared  with  the  modi- 
fications that  have  been  made  in  the  past.  The  tooth- 
form  that  we  recommend  is  so  near  to  the  true  involute 
that  it  would  pass  for  a  perfect  involute  curve  when 
tested  by  any  of  the  ordinary  methods. 

We  are  often  asked  if  this  process  of  grinding  will  pro- 
duce gear-teeth  of  a  special  form.  The  answer  is  yes,  so 
far  as  any  of  the  well-known  tooth-forms  of  today  are 
concerned,  for  they  all  are  based  on  the  involute  princi- 
ple. A  modication  of  the  clearance  at  the  bottom  of  a 
tooth  is,  of  course,  a  matter  entirely  aside  from  the 
question  of  the  curve  on  the  working  surface  of  the 
tooth.  The  differences  between  these  various  tooth-forms 
are  only  differences  of  the  pressure-angle;  in  other 
words,  various  persons  recommend  various  portions  of 
the  same  involute  curve. 

Fig.  24  may  appear  somewhat  startling  at  first  sight, 
for  it  shows  a  gear  on  which  four  different  pitch-diam- 
eters and  four  different  pressure-angles  are  specified. 
It  has  been  hobbed  at  a  20-deg.  pressure-angle,  and 
meshes  with  three  gears  having  a  pressure-angle  ranging 
from  18  deg.  37  min.  to  22  deg.  To  make  these  three 
mating  gears  look  right  we  had  to  put  long  addenda  on 
two  and  a  short  addendum  on  one  of  them.  The  set-up 
to  grind  all  four  gears  will  be  identical,  for  they  all  have 
exactly  the  same  involute  curve. 

The  only  difference  is  that  we  use  a  different  part  of 
the  involute  curve  on  each  of  the  four  gears.  On  the 
pressure-angle  of  18  deg.  37  min.  we  go  down  a  little 
closer  to  the  base-circle,  and  on  the  22-deg.  pressure- 
angle  we  go  up  a  little  higher  from  the  base-circle.  If 
we  have  a  pair  of  20-tooth  five-pitch  gears  with  a  20-deg. 
pressure-angle,  and  we  mesh  these  gears  on  a  center- 
distance  of  4.040  in.,  the  gears  will  be  running  at  a 
pressure-angle  of  21  deg.  30  min.  The  starting-point  is 
the  base-circle,  not  the  pitch-diameter.  If  the  gears  have 
a  20-deg.  pressure-angle  at  a  4-in.  pitch-diameter,  they 
will  have  a  base-circle  diameter  of  3.7588  in.,  and  when- 
ever we  go  out  on  the  involute  curve  and  establish  a  new 
pitch-diameter  we  can  find  our  pressure-angle  by  going 
back  to  the  base-circle,  not  to  the  old  pitch-diameter. 
Dividing  our  base-circle  diameter  by  the  new  pitch-diam- 
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eter,  4.040  in.,  we  get  0.93039,  which  is  the  cosine  of  21 
deg.  30  min.  16  sec. 

Going  back  to  the  four  gears  shown  in  Fig.  24,  we 
could  set  the  grinding-wheel  at  21  deg.  30  min.  and 
grind  all  four  gears  at  a  4.040-in.  pitch-diameter;  we 
could  set  the  grinding-wheel  at  18  deg.  37  min.  and 
grind  all  four  gears  at  a  3.925-in.  pitch-diameter,  or  we 
could  set  the  grinding-wheel  at  a  22-deg.  pressure-angle 
and  grind  all  four  at  a  4.054-in.  pitch-diameter.  In  each 
case  we  should  get  exactly  the  same  results  as  if  we  had 
used  the  original  20-deg.  pressure-angle  on  a  4-in.  pitch- 
diameter.  Each  of  the  four  gears  is  developed  from  a 
3.7588-in.  base-circle. 

If  you  ever  have  had  a  pair  of  gears  that  were  a  little 
tight  and  you  have  spread  the  centers  so  that  they  would 
run  better,  you  have  in  effect  produced  a  new  tooth- 
form,  and  if  the  pressure-angle  happened  to  work-out  to 
14  deg.  37  min.,  or  20  deg.  13  min.,  you  might  tack  your 
name  on  that  particular  pressure-angle  and  call  it  your 
tooth-form.  We  recently  discovered  a  manufacturer,  not 
1000  miles  from  here,  who  has  been  cutting  gears  at 
15-deg.  16-min. -pressure-angle  for  years  and  did  not 
know  that  they  did  not  have  a  1412-deg.  pressure-angle 
until  he  started  to  grind  the  gears  and  checked  up  the 
tooth  profile  by  the  test  shown  in  the  central  view  of 
Fig.  22. 

Pitch-Diameter 

I  have  made  a  working  model  which  will  illustrate  this 
sameness  of  the  involute  curve  for  all  gears  better  than 
I  can  do  it  with  a  drawing.  The  point  I  wish  to  make  is 
that  an  involute  gear  has  no  pitch-diameter  of  its  own 
and  acquires  a  pitch-diameter  only  when  it  is  meshed 
with  another  gear,  or  with  a  hob,  a  cutter  or  a  grind- 
ing-wheel. Consider  the  gear  in  the  center  of  Fig.  24. 
First  we  grind  it  by  setting  the  wheel  at  a  20-deg.  angle 
and  using  a  4-in.  pitch-circle;  while  grinding  it  has  a 
4-in.  pitch-diameter;  then  we  take  it  off  the  machine, 
whereupon  it  loses  its  pitch-diameter.  If  we  mesh  it 
with  the  gear  on  the  left,  on  a  center-distance  of  4.040 
in.,  immediately  the  gear  acquires  a  pitch-diameter  of 
4.040  in.  and  runs  at  a  pressure-angle  of  21  deg.  30  min. 
If  we  take  the  same  original  gear  and  mesh  it  with  the 
gear  at  the  right,  or  with  another  gear  exactly  like  it 
on  a  center-distance  of  4.054  in.,  both  gears  immediately 
acquire  pitch-diameters  of  4.054  in.  and  run  at  a  pres- 
sure-angle of  22  deg.  If  we  mesh  it  with  the  gear  at 
the  bottom  on  a  center-distance  of  3.925  in.,  we  find  that 
both  gears  have  pitch-diameters  of  3.925  in.  and  run  at  a 
pressure-angle  of  18  deg.  37  min. 

The  first  thing  I  learned  about  a  gear  had  to  do  with  the 
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Fig.  24 — Diagram  Showing  How  a  Gear  That  Is  Ground  at  One 

Pressure-Anole  Will  Mesh  with  Three  Others  Each  of  Which 

Has  a  Different  Pressure-Angle 

pitch-diameter  and  I  grew  up  in  the  belief  that  the  pitch- 
diameter  was  the  starting-point,  whereas  in  reality  there 
is  nothing  at  all  stable  about  the  pitch-diameter.  A  pair 
of  involute  gears  running  on  a  center-distance  0.010  in. 
greater  than  the  standard  are  running  just  as  accurately 
theoretically  as  if  they  were  meshed  on  the  center-dis- 
tance for  which  they  were  originally  intended,  except,  of 
course,  that  a  pair  of  gears  to  be  run  in  this  way  should 
have  the  teeth  cut  a  little  thicker  to  keep  the  backlash 
within  reason. 

The  device  at  the  extreme  left  of  Fig.  25  is  a  working 
model  of  the  diagram  shown  in  Fig.  5.  The  center- 
distance  is  16  in.  and  the  two  base-circles  are  of  the 
proper  diameter  to  give  us  a  20-deg.  pressure-angle.  The 
distance  from  the  center  of  the  smaller  gear  to  the  point 
at  which  the  tapes  cross  is  to  the  distance  from  the  cen- 
ter of  the  larger  gear  to  this  point  as  the  diameter  of  the 
smaller  base-circle  is  to  the  diameter  of  the  larger  base- 
circle.  No  matter  to  what  center-distance  we  move  these 
base-circles,  there  respective  centers  will  be  proportion- 
ately distant  from  the  point  of  tape-crossing. 

We  attach  a  pencil  A  to  one  of  these  tapes  so  that  it 


Fig.  23 — Device  Illustrating  the  Sameness  of  the  Involute  Curve  for  All  Gears 
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will  trace  the  involute  of  the  larger  base-circle  on  the 
sheet  of  paper  attached  to  the  base-circle.  We  use  a 
tooth-curve  of  20-deg.  pressure-angle  because  the  base- 
circles  are  located  at  a  definite  center-distance  which  es- 
tablishes a  definite  pitch-diameter  for  each  gear.  With 
the  compass-bar  B  we  strike  the  pitch-circle  C  of  the 
larger  gear.  If  a  similar  sheet  of  paper  were  attached  to 
the  smaller  gear  we  should  also  draw  its  pitch-diameter 
through  the  point  of  tape-crossing;  in  other  words,  the 
two  pitch-circles  touch  at  the  point  where  the  two  base- 
circle  tangents  cross.  So  far  this  operation  follows  the 
well-known  elementary  principles  of  involute  gearing. 

Let  us  change  the  center-distance  and  see  what  will 
happen  to  the  tooth-curve  when  we  move  the  smaller  base- 
circle  one  hole  up  to  a  center-distance  of  17  in.,  as  in 
the  second  illustration  from  the  left.  We  now  have  a 
center-distance  of  17  in.  with  the  same  old  base-circles. 
This  center-distance  will  give  a  pressure-angle  of  27  deg. 
49  min.  We  now  draw  a  tooth-curve  of  this  pressure-angle 
for  the  larger  gear.  The  tooth-curve  for  the  gear  will  have 
a  27-deg.  49-min.  pressure-angle.  You  will  observe  that  it 
is  the  same  curve,  only  a  little  more  of  it.  We  now  have 
the  arc  C„  a  new  pitch-diameter  for  the  larger  gear,  and 
we  have  a  proportionate  increase  in  the  pitch-diameter 
of  the  smaller  gear. 

Let  us  increase  the  center-distance  once  more,  shifting 
the  smaller  base-circle  upward  to  the  last  hole,  which 
makes  the  center-distance  18  in.,  as  in  the  middle  view. 
We  have  now  a  center-distance  of  18  in.  and  can  use  some 
more  of  the  involute  curve.  This  is  still  the  same  old 
tooth-curve,  but  the  pitch-diameter  is  a  little  farther  out 
from  the  base-circle,  that  is,  the  arc  C.,  of  the  new  pitch- 
circle.  At  this  pitch-diameter  we  have  a  pressure-angle 
of  33  deg.  21  min.  Somewhere  on  this  curve  you  will 
find  any  special  tooth-form  in  which  you  are  interested. 

If  we  go  back  to  a  smaller  center-distance  than  the  one 
with  which  we  started,  by  shifting  the  smaller  base- 
circle  down  to  the  bottom  hole,  as  in  the  first  view  to  the 
right  of  the  center,  we  get  our  old  friend,  the  1412-deg. 
pressure-angle. 

If  the  center-distance  is  exactly  15.5296  in.,  we  shall 
have  a  pressure-angle  of  exactly  14  deg.  30  min.  You 
will  note  that  we  are  still  using  the  same  involute  curve, 
but  we  go  only  a  little  way  up  from  the  base-circle.  You 
will  readily  appreciate  that  I  could  have  changed  the 
pressure-angle  by  changing  the  base-circle  diameter  in- 
stead of  changing  the  pitch-diameter. 

I  have  found  that  most  mysteries  of  involute  gearing 
dissolve  when  gear  problems  are  attacked  directly  from 
first  principles.  I  hold  no  brief  for  any  particular  pres- 
sure-angle; there  are  cases  in  which  we  recommend  large 
pressure-angles  and  other  cases  in  which  we  recommend 
small  pressure-angles.  In  all  cases  you  must  reproduce 
the  tooth-form  accurately  so  that  the  gears  finished  today 
will  mesh  with  those  finished  next  week  and  with  those 
finished  next  year.  The  closer  you  can  keep  the  process 
to  the  elementary  principles,  which  are  based  entirely 
on  straight  lines  and  circles,  the  easier  it  will  be  to  re- 
produce any  given  tooth-form  in  quantities. 

It  is  logical  that  gear-teeth  should  be  finish-ground 
after  heat-treatment.  We  should  not  think  of  letting  a 
cam  go  without  grinding ;  and  every  gear-tooth  is  a  cam. 
It  moves  at  a  higher  velocity  and  under  greater  pressure 
than  the  cams  that  operate  the  valves. 

Geak-Noise 

A  big  item  in  the  cost  of  transmission  production  is 
the  tearing-down  and  reassembling  of  gearboxes  on  ac- 
count of  gear-noise.    This  cost  often  extends  beyond  the 


transmission  department  to  the  chassis-assembling  de- 
partment and  even  to  the  finished  cars  after  shipment. 
These  items  of  cost  are  entirely  eliminated  by  the  finish- 
grinding  of  the  gear-teeth  after  heat-treatment,  pro- 
vided, of  course,  that  proper  standards  are  adhered  to 
and  the  gears  are  tested  for  tooth-form  and  spacing  be- 
fore assembling.  In  some  cases  it  has  been  shown  that 
the  saving  in  assembling  costs,  inspection  and  rejections 
was  greater  than  the  additional  cost  of  grinding,  when 
compared  with  those  of  previous  methods. 

Automobile  design  has  been  seriously  handicapped  by 
the  lack  of  a  process  for  generating  gear-teeth  after 
hardening.  This  new  process  not  only  eliminates  gear- 
noise,  but  the  designing  engineer  can  do  things  he  never 
dared  do  before  because  hardened  gears  could  not  be 
made  quiet.  One  passenger-car  builder,  among  those  who 
recently  have  adopted  gear-grinding,  is  now  working  on 
a  four-speed  transmission.  With  four-speed  transmis- 
sions, engines  can  be  run  within  their  most  efficient  range 
for  the  greater  part  of  the  time.  The  public  now  hesi- 
tates to  use  change-speed  gears  because  it  does  not  like 
the  noise.  The  man  whose  car  accelerates  quickly  on  a 
5  to  1  direct  drive  will  be  more  than  pleased  with  the  ac- 
celeration he  will  get  at  6  or  7  to  1  with  a  four-speed 
transmission.  Take  a  list  of  passengar-car  specifications 
for  1923  and  check  their  rear-axle  ratios;  then  figure 
how  many  revolutions  the  rear  wheels  must  make  in  a 
mile  and  how  fast  the  engine  must  run  to  make  30  m.p.h. 
There  are  many  cars  in  wmich  the  engines  would  have  to 
run  at  4000  to  5000  r.p.m.to  make  the  speeds  that  sales- 
men claim  for  them. 

The  grinding  of  gear-teeth  opens  up  possibilities  for 
a  really  high  fourth-speed  and  a  smoothness  of  operation 
in  traffic  that  the  one-speed  driver  never  has  experienced. 
We  shall  see  four-speed  jobs  and  we  may  see  transmis- 
sions in  which  there  is  no  direct  drive,  thus  making  all 
speeds  uniformly  efficient.  Getting  the  propeller-shaft 
on  another  and  a  lower  center  permits  lowering  the 
body  floor  and  reducing  the  angle  of  universal-joint  oper- 
ation. 

Quiet  gears  also  are  more  efficient.  The  improvement 
in  fuel  economy  that  is  accomplished  by  using  the  most 
efficient  gear-ratio  under  all  driving  conditions  will  more 
than  offset  any  loss  of  power  in  the  gears,  particularly 
when  the  gears  are  really  efficient. 

Transportation  cost  by  truck  is  being  given  more  at- 
tention on  a  ton-mile  basis  than  is  the  transportation 
cost  of  passenger  cars  on  a  passenger-per-mile  basis. 
Four  years  ago  37  per  cent  of  American  motor-trucks 
had  four-speed  transmissions;  today  62.2  per  cent  have 
them. 

Other  changes  in  design  will  be  brought  about  by  gear- 
tooth  grinding.  Transmission  shafts  will  have  to  be  de- 
signed so  that  all  the  gear-teeth  can  be  reached  with  a 
grinding-wheel;  cluster  gears,  made  in  one  piece  with 
the  shaft,  must  go.  The  car-owner  then  can  buy  one  gear 
without  buying  a  whole  assemblage  of  gears. 

A  few  years  ago  our  organization  advocated  the  use  of 
helical  timing-gears  in  place  of  the  spur  timing-gears 
that  were  then  in  vogue.  The  reason  was  that  the  helical 
gears  split  up  the  errors  in  tooth-form  and  spacing,  so 
that  with  a  given  degree  of  accuracy,  helical  gears  are 
quieter  than  spur  gears.  The  process  of  gear-tooth 
grinding  that  we  now  use  has  changed  conditions  so  that 
it  is  now  possible  to  make  spur  gears  more  accurate  and 
it  may  come  about  that  spur  timing-gears  with  hardened 
and  ground  teeth  will  replace  helical  timing-gears  and 
chain  drives.  The  change  from  helical  to  spur  gears 
can   be   made   very   easily,   when  spur  gears  are  to  be 
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ground,  as  the  grinding  process  handles  an  odd  diametri- 
cal pitch  as  well  as  any  standard  pitch.  The  diametrical 
pitch  of  spur  gears  will  be  the  diametrical  pitch  of  the 
helical  gears  multiplied  by  the  cosine  of  the  helix  angle, 
thus  maintaining  the  same  number  of  teeth  to  the  same 
center-distance. 

THE  DISCUSSION 

Question: — What  time  is  involved  per  tooth  or  per 
gear? 

E.  J.  Lees: — For  taking  one  cut,  or  really  one  cycle, 
consisting  of  two  passes  of  one  side  of  the  gear-tooth 
over  the  wheels,  15-tooth  gear,  14.4  sec.  per  tooth;  17- 
tooth  gear,  13.2  sec;  18-tooth  gear,  10.8  sec;  21-tooth 
gear,  9.6  sec;  25-tooth  gear,  9.6  sec;  29  and  31-tooth 
gears,  8.4  sec.  This  is  on  six  to  eight-pitch  gears  with 
the  wheel  running  at  5000  ft.  per  min. 

Question: — Do  you  prescribe  a  wet  or  a  dry  grind? 

Glenn  Muffly: — A  wet  grind  always. 

Question: — Is  there  any  drawing  action  on  account 
of  heat? 

Mr.  Muffly: — Not  more  so  than  in  any  other  wet 
grinding.  We  grind  off  ordinarily  only  about  0.003  in. 
If  there  is  more  to  be  removed  we  take  two  cuts.  It  is 
all  wet  grinding,  so  one  need  not  worry  about  taking 
out  the  hardness  produced  by  heat-treatment. 

Question: — What  is  the  cost  per  tooth  for  grinding 
by  this  process? 

Mr.  Lees: — You  have  the  time  per  tooth  and  you 
each  know  what  the  overhead  is  in  your  own  plant. 
Today  I  was  told  by  a  Detroit  manufacturer  that  he 
had  ground  38,850  teeth  on  both  sides,  two  cuts,  four 
passes,  on  each  side,  using  a  No.  3850-1  silicate  wheel. 
This  is  equivalent  to  77,700  teeth  ground  twice  round 
on  one  side.  A  vitrified  wheel  would  show  a  longer 
life.  A  recent  change  in  the  form  of  the  wheel  will  add 
to  these  figures.     The  cost  per  wheel  is  about  $30. 

Mr.  Muffly: — One  user  gave  a  figure  of  $1.75  per 
transmission.  Another  said  that  the  cost  per  trans- 
mission was  a  few  cents  more  than  the  cost  of  the 
finishing  cut,  which  was  replaced  by  grinding,  but  that 
he  made  it  up  in  the  saving  in  the  cost  of  assembling. 

Question  : — Do  the  chatter  marks  from  the  grinding- 
wheels  show  on  the  testing-machine? 

Mr.  Muffly: — No. 

Question: — How  do  you  prevent  dirt  from  getting 
between  the  tape  and  the  segment? 

Mr.  Muffly: — These  parts  are  well  protected  from 
the  flying  particles  and  the  direction  of  wheel  rotation 
throws  the  particles  off  in  the  opposite  direction.  We 
have  never  had  trouble  with  dirt  getting  under  the 
tapes;  if  it  should  happen  we  should  note  the  error  on 
the  gear-tester. 

Question: — Is  the  durability  improved  by  grinding? 

Mr.  Muffly: — Yes;  the  life  of  a  gear  is  lengthened 
by  having  the  tooth-curve  correct.  Ground  gears  not 
only  save  gasoline  but  they  save  wear-and-tear  on  the 
gear-teeth,  as  well  as  on  the  ear-drum. 

Question  : — Is  there  much  trouble  with  the  breaking 
of  the  tapes  when  used  with  small  numbers  of  teeth 
with  an  involute  curve? 

Mr.  Muffly: — They  all  have  involute  curves.  The 
tapes  last  longer  when  wrapped  round  a  large  segment 
than  when  wrapped  round  a  small  segment.  We  use 
double  tapes  so  that  the  breaking  of  a  tape  is  not  a 
serious  matter.  There  is  a  great  difference  in  tapes. 
The  tapes  that  we  are  now  using  give  practically 
no  trouble.  For  the  first  two  years  our  machines  ran 
almost   exclusively   on  constant-drive   gears   and  on   re- 


verse idlers,  so  that  we  had  plenty  of  experience  on 
small  diameters  and  small  numbers  of  teeth.  Much  of 
our  trouble  was  avoided  by  the  application  of  power  to 
the  work-spindle  instead  of  to  the  slide. 

Question  : — How  close  must  the  center-distance  be 
held? 

Mr.  Muffly: — Make  it  Vi  in.  if  you  wish.  The  center- 
distance  makes  no  difference  whatever  with  the  involute 
principle,  so  long  as  the  teeth  hit  each  other  and  the 
next  tooth  comes  into  contact  before  the  last  one  lets 
go.  You  will  only  be  using  a  different  part  of  the 
curve.  Most  of  you  at  some  time  have  had  a  pair  of 
gears  that  were  cut  for  a  certain  center-distance  and 
have  had  to  spread  the  center-distance  a  few  thousandths 
to  make  the  gears  run  freely.  If  the  gears  were  sup- 
posed to  have  a  20-deg.  pressure-angle  and  increasing 
the  center-distance  made  the  pressure-angle  20  deg.  13 
min.,  you  might  have  tacked  your  name  on  that  parti- 
cular pressure-angle.  Variations  in  the  center-distance 
make  no  difference  except  to  increase  the  pressure-angle. 
But  you  must  have  the  teeth  thick  enough  to  prevent 
excessive  backlash ;  if  you  spread  the  center-distance, 
see  that  the  shafts  are  kept  parallel.  Do  not  think,  as 
some  persons  do,  that  shafts  are  parallel  just  because 
they  are  the  same  distance  apart  at  the  ends.  If  you 
take  two  sticks  and  tie  them  together  at  the  ends  with 
strings  of  equal  length  so  that  the  sticks  are  parallel 
when  in  the  same  plane,  you  can  twist  the  sticks  about 
until  they  actually  cross  each  other  and  still  keep  them 
the  same  distance  apart  at  the  ends.  You  must  check 
a  pair  of  shafts  by  a  surface-plate  to  see  that  they  are 
in  the  same  plane,  as  well  as  measure  to  see  that  they 
are  the  same  distance  apart  at  the  ends. 

Question: — Is  any  modification  recommended? 

Mr.  Muffly: — Yes,  a  very  small  amount,  so  small 
that  you  would  call  the  tooth  a  perfect  involute  if  it 
were  measured  by  any  of  the  older  methods. 

Mr.  Lees: — The  average  amount  of  modification  is 
probably  between  0.0002  and  0.0004  in. 

Question: — Does  this  vary  with  each  particular  de- 
sign? 

Mr.  Muffly: — Yes.  With  every  pair  of  gears  there 
is  an  individual  problem  as  to  interference,  clearance, 
tooth  distortion,  rigidity  of  shafts  and  accuracy  of 
bearings.  We  cannot  make  one  rule  that  will  fit  all 
cases.  Having  tried  out  a  transmission  and  tested  each 
gear  on  the  testing-machine,  we  find  the  exact  modi- 
fication and  chart  it,  as  has  been  explained.  With  this 
information  we  are  able  to  reproduce  the  tooth-form 
absolutely,  so  that  the  gears  that  are  cut  next  week 
and  next  year  will  run  quietly  with  those  that  are  cut 
today.  We  actually  measure  the  noise  in  the  tooth- 
form  before  the  noise  occurs. 

Question  : — What  amount  of  grinding  stock  should' 
be  left  on  gears  of  eight  diametral  pitch? 

Mr.  Lees:— About  0.002  to  0.003  in. 

Mr.  Muffly: — If  the  gears  are  roughed  out  accurately 
and  the  heat-treatment  does  not  produce  much  distortion, 
we  can  get  by  with  as  little  finish  as  0.002  in.  but  some- 
times we  find  that  the  gears  are  out  considerably  more 
than  this  and  we  have  to  take  off  from  0.003  to  0.005 
in.  to  correct  the  teeth. 

Question: — Is  it  worthwhile  to  correct  gears  other 
than  those  of  heat-treated  steel  by  the  grinding  process? 

Mr.  Muffly: — Yes;  if  you  are  particular  about  ac- 
curacy. Automobile  transmission  gears  present  the 
most  urgent  problem.  To  get  an  accurate  spur  gear  of 
cast  iron  or  of  bronze  it  should  be  ground  by  this 
process. 
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Question  : — How  about  the  time,  the  accuracy  and 
the  like  required  for  grinding  both  sides  of  the  tooth? 

Mr.  MUFFLY: — We  grind  teeth  on  both  sides  but  not 
at  the  same  time.  It  takes  twice  as  long  to  grind  both 
sides,  but  it  is  advisable  if  you  want  real  accuracy. 

QUESTION  : — What  is  the  effect  of  cutting  a  gear  under- 
size  to  obtain  freedom  of  motion  on  the  tooth-form? 

.Mr.  MUFFLY: — The  effect  is  to  give  pitch-line  clear- 
ance or  backlash.  If  the  gears  are  meshed  on  a  lesser 
center-distance,  the  effect  is  to  reduce  the  pressure- 
angle.  We  accomplish  the  desired  result  by  grinding 
the  teeth  thinner,  not  by  cutting  in  deeper  with  the 
wheel.  A  popular  misinterpretation  of  this  is  seen  on 
many  blueprints.  A  six-pitch  gear  with  30  teeth  has 
a  5-in.  pitch-diameter,  but  the  pitch-diameter  is  specified 
on  blueprints  as  4.998  in.  or  something  like  that.  The 
designer  means  that  he  wants  the  teeth  to  be  cut  deeper 
so  as  to  obtain  a  certain  amount  of  backlash.  It  is 
absolutely  impossible  to  generate  a  six-pitch  gear  with 
30  teeth  at  any  other  pitch-diameter  than  5  in.  You 
may  set  the  hob  in  deeper  or  you  may  grind  the  tooth 
thinner,  but  the  pitch-diameter  of  the  gear  is  determined 
by  its  velocity-ratio  relative  to  the  hob  or  grinding  wheel. 
The  moment  you  remove  the  gear  from  the  machine  it 
loses  its  pitch-diameter,  and  when  you  mesh  it  with 
another  gear  it  acquires  a  pitch-diameter,  but  not  neces- 
sarily the  same  one  as  that  on  which  it  was  cut.  The 
expression  "cutting  a  gear  at  less  than  standard  pitch- 
diameter*'  has  been  inherited  from  the  old-style  disc- 
type gear-cutter,  which  really  produced  a  bastard  tooth 
when  the  cutter  was  set  in  deeper. 

Question: — Does  the  irregularity  of  the  rough-cut 
gear  affect  the  grinding  sufficiently  to  require  more 
time  on  some  gears  than  on  others? 

Mr.  MuFFLY: — Yes;  some  gears  are  so  badly  cut  that 
we  have  to  give  them  an  extra  cut  on  the  grinding 
machine.  Ordinarily,  0.003  in.  is  ample  allowance  for 
a  grinding-finish.  If  the  roughing  machines  leave 
greater  errors  than  this  it  would  pay  to  replace  them 
with  more  accurate  machines.  Gear-grinding  is  creating 
a  demand  for  single-purpose  heavy-duty  hobbing  ma- 
chines to  meet  this  condition.  The  form  of  tooth  pro- 
duced by  hobbing  comes  nearer  to  the  true  involute  than 
that  produced  by  other  methods ;  consequently  there  is 
less  metal  to  be  removed  by  the  grinding  machine. 

Question  : — What  backlash  can  be  used  with  gi-ound 
gears  ? 

Mr.  MuFFLY: — The  maximum  variation  in  the  tooth 
spacing  and  the  tooth  contour  of  gears  ground  by  our 
process  is  0.00025  in.  A  quarter  thousandth  of  back- 
lash will  take  care  of  this  provided  the  rest  of  the  ma- 
chine-work is  accurate  enough  to  allow  such  a  small 
tolerance.  Backlash  has  heretofore  been  allowed  to.  ac- 
commodate the  variations  in  the  gear-teeth,  but  now 
you  have  only  to  provide  the  amount  of  tolerance  re- 
quired to  match  the  tolerance  on  the  center-distance 
and  the  eccentricity  of  the  bearings. 

Question: — Can  bevel  gears  be  ground? 

Mr.  Muffly: — There  is  no  machine  on  the  market 
for  that  purpose  at  present. 

Question  : — Does  the  process  of  heat-treating  become 
simpler  or  cheaper  due  to  truing  in  the  final  operation? 

Mr.  Muffly: — It  becomes  both  simpler  and  cheaper. 
Some  manufacturers  are  going  to  considerable  additional 
expense  in  heat-treatment  to  hold  the  distortion  down 
to  the  minimum.  This  expense  can  be  avoided.  Other 
manufacturers  have  found  it  impracticable  to  use  cer- 
tain steels  that  possess  very  good  physical  properties 
but  do  not  finish  smooth.     Steels  that  may  be  less  ex- 


pensive than  those  used  in  the  past  can  now  be  adopted, 
as  the  grinding  machine  will  put  a  good  finish  on  them. 
Some  manufacturers  use  low-carbon  steels  and  go  to 
considerable  expense  to  carburize  the  gears  after  rough- 
ing them,  then  finish-cut  and  quench  them  from  a  com- 
paratively low  temperature,  to  minimize  the  distortion. 
This  expensive  carburizing  operation  can  be  reduced  or 
eliminated  entirely  by  using  different  steel  and  by 
finish-grinding  after  heat-treating. 

Question: — Have  efficiency  tests  been  made  to  de- 
termine the  gain  made  by  grinding?  If  so,  how  much 
has  the  efficiency  been  increased  over  that  of  ordinary 
gears  ? 

Mr.  Muffly': — I  do  not  know  of  any  extensive  tests 
for  that  purpose.  There  is  no  doubt  that  grinding 
makes  the  gears  more  efficient.  Irregularities  that  cause 
noise  must  also  decrease  the  efficiency.  In  worm  gears 
the  efficiency  is  increased  by  the  introduction  of  the 
tangential  feed  of  the  hob,  which  provides  more  com- 
plete generation.  We  have  seen  cases,  such  as  those 
of  turbine  drives,  in  which  hardened  gears  had  con- 
siderable tooth  distortion  and  were  shorter-lived  than 
soft  gears  of  more  accurate  tooth-form.  The  efficiency, 
the  quietness  and  the  life  of  a  gear  are  very  closely 
associated. 

Question  : — Does  not  variation  in  oil-film  thickness 
due  to  the  temperature  and  the  quality  of  the  oil  more 
than  offset  the  close  limitation  of  the  variations  per- 
mitted with   tooth-grinding? 

Mr.  Muffly: — Yes:  I  believe  this  would  be  true  ex- 
cept for  the  fact  that  the  pressure  per  unit  of  area 
on  transmission-gear  teeth  is  so  high  as  practically  to 
eliminate  the  oil-film  on  the  line  of  tooth  contact.  On 
gears  of  relatively  large  diameter,  where  the  machine- 
work  on  other  parts  is  very  accurate,  it  would  be  neces- 
sary to  make  an  allowance  for  the  expansion  of  the 
metal  itself. 

Question: — Would  you  recommend  a  lighter  lubri- 
cant in  a  transmission  using  ground  gears? 

Mr.  Muffly: — Not  necessarily.  If  the  heavy  lubri- 
cant were  put  in  solely  for  the  purpose  of  deadening 
the  noise,  then  yes;  if  the  heavy  lubricant  wTere  put  in 
for  lubrication,  then  I  should  keep  it.  You  know  second- 
hand dealers  have  a  way  of  taking  old  cars  and  filling 
them  up  with  heavy  oil  with  a  little  ground  cork  in  the 
transmission  and  differential;  it  makes  them  run  quietly 
for  a  little  while. 

T.  J.  Litle,  Jr.: — That  is  exactly  what  I  had  in  mind 
when  I  asked  that  question.  I  thought  you  might 
recommend  a  lighter  lubricant,  because  it  tends  to  be- 
come heavier  with  use. 

Mr.  Muffly': — I  should  say  that  ground  gears  obviate 
the  necessity  for  a  heavy  body  to  deaden  the  noise  and 
enable  this  problem  to  be  treated  from  the  standpoint 
of  lubrication  only.  Of  course,  there  is  a  sliding  action 
between  the  teeth,  except  at  the  pitch-line,  and  ground 
gears  do  need  lubrication,  but  they  do  not  make  so  much 
fuss  about  running  out  of  lubricant  as  ordinary  gears 
do,  and  they  do  not  require  a  heavy  oil  to  gum  the 
teeth  and  deaden  the  vibration.  Lighter  oils  may  have 
as  much  lubricating  value  as  heavy  oils  and  therefore 
may  be  preferred. 

Question  : — If  tooth  deflection  must  be  compensated 
for,  how  can  noise  be  eliminated  under  variable  loads? 

Mr.  Muffly: — You  will  never  eliminate  the  difference 
in  tooth  deflection  between  a  heavy  load  and  a  light 
load,  but  if  you  make  enough  modification  to  avoid 
interference  under  maximum  load,  you  will  also  avoid 
interference  on   light   and  medium  loads.     If  you  take 
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care  of  the  maximum  load,  you  will  be  on  the  safe  side. 

Question: — If  a  correction  of  profile  is  made  to  take 
care  of  the  tooth  deflection  under  load,  what  effect  will 
it  have  when  the  gears  are  running  idle? 

Mr.  Muffly: — It  will  have  the  effect  of  giving  a 
little  additional  clearance  at  the  point  of  the  tooth.  If 
you  have  a  full-depth  six-pitch  tooth  and  have  made 
the  necessary  modification  for  tooth  deflection  under 
full  load,  then  under  a  light  load  you  will  be  using 
practically  a  stub-tooth  gear,  as  the  point  of  the  tooth 
will  not  be  working  at  all.  You  will  merely  be  using 
a  little  less  of  the  involute  curve,  the  same  as  you  would 
use  on  a  stub-tooth  gear. 

Question: — Referring  to  timing-gears,  not  hardened, 
what  objection  is  there  to  swaging  teeth  by  rolling  them 
under  pressure  with  a  ground  master-gear? 

Mr.  Muffly: — It  would  help  some  by  wearing  off  the 
high  spots,  but  it  would  not  be  equal  to  a  ground  gear. 
This  is  a  burnishing  operation  that  requires  a  frictional 
contact  on  the  surface  to  be  burnished.  At  the  pitch- 
line  you  have  a  rolling  contact  instead  of  a  frictional 
contact,  so  the  burnishing  will  not  be  uniform.  The 
idea  of  working  from  a  master  gear  was  given  a  rap 
by  a  general  foreman  with  whom  I  talked  recently.  He 
said  that  a  certain  inventor  of  a  gear-grinding  machine 
that  uses  a  master  gear  and  rack  to  get  the  relative 
motion  was  trying  to  sell  the  idea  to  this  plant.  The 
foreman  asked,  "Where  did  you  get  the  master  gears?" 
It  appeared  that  the  master  gears  were  ground  on  a 
machine  using  tapes  to  get  the  relative  motion.  The 
foreman  then  asked,  "Why  not  use  the  tape  principle 
and  make  all  the  gears  master  gears?"  The  closer  you 
stick  to  basic  principles  the  better  gears  you  will  get. 
Any  shop  that  has  a  cylindrical  grinding  machine  can 
grind  a  tape  segment  very  close  to  the  desired  diameter. 
Anybody  can  dress  the  wheel  to  a  flat  surface.  It  is 
by  sticking  to  these  basic  principles  that  we  keep  within 
such  narrow  limits. 

Question: — Does  the  straight-edge  roll  on  the  base- 
circle  without  slippage  when  testing? 

Mr.  Muffly: — Yes.  If  it  slips,  you  will  get  a  jump 
on  the  indicator  that  will  look  like  that  produced  when 
testing  a  gear  before  grinding. 

Question: — Have  any  experiments  been  made  to 
apply  this  method  to  the  grinding  of  spiral  bevel-gears? 

Mr.  Muffly: — Yes;  experiments,  but  not  in  a  pro- 
duction machine. 

Question: — What  do  you  consider  to  be  the  limit  of 
index  error  on  a  transmission  pinion;  that  is,  the  cumu- 
lative error? 

Mr.  Muffly: — It  is  the  tooth-to-tooth  error  that  is 
important.  If  the  tooth-to-tooth  error  is  less  than 
0.00025  in.,  the  gear  will  be  reasonably  quiet.  It  makes 
no  difference  whether  the  error  is  cumulative  round  the 
gear  and  comes  back  again  to  the  starting-point,  or  goes 
up  and  down  tooth  by  tooth ;  the  effect  is  the  same ; 
the  limit  that  we  set  on  it  is  0.00025  in. 

Question: — How  do  you  determine  the  radius  of  the 
tooth-curve  due  to  deflection  by  considering  the  varia- 
tion of  load  on  the  tooth  and  the  different  elastic-limits 
of  the  materials  used  in  gears? 

Mr.  Muffly: — We  do  not  calculate  that  theoretically. 
We  take  off  an  amount  that  has  been  found  satisfactory 
in  other  transmissions  and  put  the  gear  to  the  test.  If 
it  is  quiet  we  stick  to  that  form ;  having  the  testing- 
machine  and  the  means  for  plotting  the  curve,  we  can 
hold  our  production  to  the  desired  form. 

Question: — What  is  the  actual  time  required  to  grind 
a   driving-gear  of    l]o-in.    face,    with    18   teeth,    and   a 


driven  gear  with  30  teeth,  7/8-in.  face,  both  six-pitch? 

Mr.  Lees: — For  the  18-tooth  gear,  3%  min.;  41/4 
min.  for  the  30-tooth  gear. 

Question: — Do  you  advocate  grinding  both  sides  of 
the  tooth? 

Mr.  Muffly: — Yes. 

Question: — Which  is  the  more  important,  the  spacing 
or  the  profile? 

Mr.  Muffly: — They  are  equally  important.  We  have 
the  same  limit  on  both,  0.00025  in. 

QUESTION: — Do  the  grinding-machines  index  auto- 
matically, or  is  each  tooth  indexed  by  the  operator  when 
it  is  finished? 

Mr.  Muffly: — The  machines  index  automatically 
from  tooth  to  tooth,  and  are  set  to  stop  automatically 
at  the  end  of  one  complete  revolution;  or,  in  case  of 
grinding  twice  round  the  gear,  at  the  end  of  two  com- 
plete revolutions. 

Question: — What  is  necessary  in  tooling-up  for  a 
given  gear  besides  making  a  special  segment  for  the 
machine? 

Mr.  Muffly: — Making  an  arbor  to  hold  the  gear; 
that  is  all,  unless  you  have  to  buy  a  new  index-plate 
for  the  number  of  teeth.  An  index-plate  for  a  certain 
number  of  teeth  can  be  used  for  all  pitches.  The  wheel 
is  not  changed  when  you  change  from  one  pitch  to  an- 
other. The  only  change  required  in  going  fi-om  one 
pressure-angle  to  another  is  to  swivel  the  grinding-wheel 
spindle  to  whatever  pressure-angle  is  desired. 

Question  : — With  the  correct  contour  and  spacing, 
what  effect  has  the  amount  of  backlash  on  gear  noise? 

Mr.  Muffly: — With  a  constant  load  it  will  have  no 
effect.  With  an  intermittent  load  the  effect  will  depend 
on  the  amount  of  backlash  and  the  amount  of  variation 
in  the  load  or  the  reversal  of  the  load.  When  the  load, 
not  necessarily  the  direction  of  rotation,  is  reversed  you 
will  get  a  click.  The  volume  of  noise  from  this  source 
will  depend  on  the  velocity  of  the  load  reversal,  the 
amount  of  torque  involved  and  the  amount  of  backlash. 
If  you  are  driving  in  one  direction  all  the  time  with  a 
constant  load,  the  amount  of  backlash  will  make  no 
difference.  The  teeth  can  be  cut  down  to  one-half  their 
thickness  without  affecting  the  noise,  except  that  you 
would  weaken  the  teeth  and  so  increase  the  distortion. 

George  E.  Goddard: — I  think,  perhaps,  a  camshaft 
load  is  meant. 

Mr.  Muffly  : — On  a  camshaft  drive,  you  would,  of 
course,  have  an  intermittent  load,  and  it  would  be  ad- 
visable to  hold  the  backlash  down.  If  you  can  hold  the 
center-distance  accurately  enough,  you  can,  with  ground 
gears,  keep  the  backlash  down  to  a  point  where  it  will 
produce  no  noticeable  noise.  The  amount  of  backlash 
to  be  allowed  will  depend  on  how  closely  you  can  hold 
the  center-distance.  You  could  vary  the  center-distance 
at  will,  without  affecting  the  involute  principle,  pro- 
vided you  vary  the  tooth  thickness  with  the  center-dis- 
tance. If  you  cannot  hold  the  center-distance  accurately 
enough  it  will  be  necessary  to  grind  some  gears  with 
thick  teeth  and  some  with  thin  teeth  so  as  to  reduce 
backlash  by  selective  assembling.  The  only  reason  for 
holding  the  center-distance  accurately  is  to  hold  down 
the  backlash. 

Question  : — Have  you  determined  what  effect  the 
pressure-angle  has  on  gear  noise? 

Mr.    Muffly: — We    sometimes    recommend    a    small 

pressure-angle    and    sometimes    a    large    pressure-angle. 

If  the  number  of  teeth   is  large,  with  an  intermittent 

.  load   such   as   on   a   camshaft   drive,   I   should  advise  a 

small   pressure-angle,   because   with   a   large  number  of 
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teeth  you  will  not  have  the  interference  problem,  and 
with  a  small  pressure-angle  a  given  variation  in  the 
center-distance  will  produce  less  backlash.  We  may, 
therefore,  say  that  the  small  pressure-angle  is  desirable 
from  the  standpoint  of  quietness,  because  it  makes  it 
easier  to  hold  down  the  backlash.  On  the  other  hand, 
in  automobile  transmissions  you  have  a  smaller  number 
of  teeth,  and  the  tooth  load  is  considerably  greater,  in 
which  case  it  is  advisable  to  use  a  larger  pressure-angle 
to  avoid  interference  and  to  minimize  tooth  distortion. 
A  large  pressure-angle  will  avoid  the  undercutting  of 
the  pinions  and  will  give  a  stronger  tooth-form.  In  a 
general  way,  about  20  deg.  is  good  for  transmission- 
gears  and  about  14%  deg.  for  timing-gears. 

Question: — Do  you  have  trouble  with  checking  when 
grinding  carburized  and  hardened  gears? 

Mr.  MUFFLY: — We  have  very  little  trouble,  probably 
because  our  grinding-wheel  generates  the  curve  and  so 
is  not  in  contact  with  the  entire  side  of  the  tooth  at 
one  time.  I  should  say  that  the  problems  of  gear-tooth 
grinding  are  the  same  as  those  of  cylindrical  grinding, 
so  far  as  steels,  coolant,  heat-treatment,  wheel  material, 
loading  and  burning  are  concerned. 

Question: — Is  checking  more  prevalent  with  some 
types  of  steel  than  with  others? 

Mr.  Muffly: — I  believe  it  is. 

Question: — Please  discuss  the  effect  of  modification 
as  shown  by  your  diagrams. 

Mr.  Muffly: — Referring  to  Fig.  5,  let  us  consider 
first  the  teeth  on  the  driving  gear.  They  will  be  deflected 
backward  while  under  load.  We  can  correct  this  by 
adding  to  the  driving  sides  of  the  teeth  near  the  point 
and  by  taking  something  off  the  rear  sides  of  the  driving 
teeth  near  the  point.  In  other  words,  we  give  the  teeth 
a  little  slant  forward  so  that  when  deflected  they  will 
come  back  to  the  true  involute.  This  can  be  ac- 
complished by  tilting  the  grinding-wheel  to  a  slightly 
smaller  pressure-angle  when  grinding  the  forward  sides 
of  the  driving  teeth,  and  to  a  slightly  greater  pressure- 
angle  when  grinding  the  rear  sides  of  the  driving  teeth. 
In  automobile  transmissions,  the  driving  gear  is  almost 
always  smaller  than  the  driven  gear;  and  there  will  be 
a  greater  tooth-deflection  with  a  small  number  of  teeth 
than  with  a  large  number  of  teeth,  because  of  the  dif- 
ference in  tooth-form  between  the  large  and  the  small 
number  of  teeth.  Consequently,  more  modification  will 
be  necessary  on  the  driving  gear  than  on  the  driven 
gear.  Assuming  that  the  tooth  a.  on  the  driving  gear 
has  been  modified  in  this  manner  and  being  under  load 
has  been  deflected  back  to  its  true  position,  the  driven 
tooth  b,  will  be  deflected  forward  slightly,  causing  the 
tooth  bi  to  lag  slightly;  also,  the  tooth  a,  on  the  driving 
gear  is  ground  full  on  its  leading  side  and,  since  it  is 
not  yet  under  load,  we  shall  find  that  the  teeth  a,  and 
bx  engage  before  they  should.  For  this  reason,  we 
slightly  relieve  the  points  of  the  teeth  on  the  driven 
gear.  This  is  a  theory  that  will  explain  the  reasons 
for  the  modifications  that  we  have  found  effective  in 
practice,  rather  than  a  rule  to  be  applied  universally  to 
gears. 

Question: — How  do  you  calculate  the  diameter  of  the 
base-circle  for  grinding  the  involute  curve? 

Mr.  Muffly: — In  the  first  place,  it  is  the  pitch-circle 
that  we  use  on  the  grinding  machine,  not  the  base-circle. 
I  will,  however,  explain  the  method  of  calculating  the 
base-circle  diameter.  Referring  to  Fig.  3,  which  shows 
the  relation  of  the  base-circle  to  the  pitch-circle,  you 
will  recall  that  the  line  b  c  was  drawn  perpendicularly 
to  the  line  a  b  and  therefore  ab  c  is  a  right-angle  tri- 


angle, of  which  we  know  the  length  of  side  a  c,  the  pitch 
radius,  and  the  angle  b  c  a,  which  is  equal  to  the  pres- 
sure-angle. What  we  want  to  know  is  the  length  of  the 
line  b  c,  which  is  the  base-circle  radius.  The  rule  is,  to 
multiply  the  pitch  radius  by  the  cosine  of  the  pressure- 
angle  to  get  the  base-circle  radius ;  in  other  words,  the 
pitch-diameter  times  the  cosine  of  the  pressure-angle 
equals  the  base-circle  diameter. 

Question: — How  about  the  effect  of  pitch  overlap 
on  noise? 

Mr.  Muffly: — Meaning,  I  assume,  the  number  of 
teeth  in  contact.  The  more  teeth  there  are  in  contact 
the  more  there  will  be  to  share  the  load  and  to  divide 
the  deflection.  As  a  rule  the  problem  is  easier  with  a 
large  number  of  teeth  than  with  a  small  number.  We 
grind  pinions  successfully  down  to  the  smallest  numbers 
of  teeth  used  in  automobile  transmissions.  It  is  easier 
to  make  a  30-tooth  gear  run  quietly  than  it  is  to  make 
a  12-tooth  pinion  run  quietly,  not  only  because  more 
teeth  are  in  contact  and  thus  divide  up  the  deflection, 
but  because  a  larger  number  of  teeth  makes  it  easier  to 
keep  clear  of  interference. 

W.  R.  Griswold: — That  is  the  reason  for  getting  into 
odd  pressure-angles? 

Mr.  Muffly: — Yes;  odd  pressure-angles  frequently 
are  employed  when  it  is  found  that  the  standard  pres- 
sure-angle produces  interference ;  the  pressure-angle  is 
increased  just  enough  to  avoid  the  interference.  Odd 
pressure-angles  can  be  handled  with  no  change  except 
tilting  the  grinding-wheel  to  a  different  angle.  When 
you  have  a  train  of  gears  designed  to  be  cut  at  different 
pressure-angles  and  to  run  together  at  some  common 
pressure-angle  between  each  pair,  you  can  grind  the 
entire  train  at  one  setting  of  the  wheel  by  making  the 
necessary  changes  in  the  segment  diameters.  You  can 
grind  a  gear  with  a  number  of  different  settings  and 
have  the  settings  all  come  out  alike ;  each  change  of  the 
tape-segment  diameter  will  bring  you  to  some  pai-ticular 
pressure-angle  on  the  involute  curve,  and  the  grinding- 
wheel  then  will  be  set  at  this  pressure-angle.  All  the 
gears  will  have  the  same  base-circle  and  will  employ  the 
same   circle  on  the  gear-testing   machine. 

Question: — What  is  the  authority  for  computing  the 
base-circle  according  to  the  rule  Mr.  Muffly  stated? 

Mr.  Muffly: — When  you  know  the  length  of  the 
hypothenuse  and  the  angle  opposite  the  perpendicular, 
you  multiply  the  hypothenuse  by  the  cosine  of  the  angle 
to  get  the  length  of  the  base-line.  This  is  a  mathe- 
matical law,  not  a  rule  that  I  have  invented.  Taking 
this  triangle,  shown  in  Fig.  4,  fitting  it  into  the  triangle 
ab  c  in  Fig.  5  and  applying  a  little  plane  geometry,  we 
prove  that  the  angle  b  c  a  is  the  same  as  the  pressure- 
angle  ;  the  angle  tab  plus  the  angle  b  a  c  equals  one 
right  angle,  because  the  tangent  1 1  was  drawn  at  right 
angles  to  the  radius  ac;  the  angle  bca  plus  the  angle 
b  ac  is  also  known  to  equal  one  right-angle,  since  ab  c 
is  a  right-angle  triangle;  therefore,  we  know  that  the 
angle  tab  equals  the  angle  bca,  thus  proving  that  the 
angle  b  c  a  is  the  same  as  the  pressure-angle,  because 
the  angle   t  a  b   is  the  pressure   angle. 

Question  : — Will  ground  non-metallic  gears  running 
with   ground   metallic   gears  give   additional   quietness? 

Mr.  Muffly: — We  have  not  ground  any  non-metallic 
gears.  It  seems  that  non-metallic  material  is  unneces- 
sary in  a  ground  gear.  It  has  been  suggested  that  a 
hardened  and  ground  spur-ring  gear  be  made  with  a 
non-metallic  hub;  this  might  be  worth  experimenting 
with  on  a  camshaft  drive  to  deaden  the  vibration  pro- 
duced bv  the  intermittent  load. 
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Question: — What  effect  does  grinding  have  on  the 
tone  of  the  gear  noise? 

MR.  Muffly: — We  have  quit  specifying  gear-teeth 
according  to  the  tone  of  the  noise,  for  it  is  impossible 
for  any  man  to  grade  gears  accurately  by  this  method. 
We  used  to  be  able  to  identify  different  makes  of  car 
by  the  different  tones  of  gear  noise.  The  Panhard  and 
the  Mercedes  had  distinctive  tones. 

Methods  of  gear  testing  have  changed.  We  no  longer 
roll  the  gears  together  by  hand,  make  optical  inspections 
of  tooth  engagement  or  judge  tooth  errors  by  the  tone 
of  the  gear  noise.  What  we  want  is  no  noise  at  all,  or 
gears  that  run  so  silently  that  there  is  not  enough  noise 
to  analyze. 

A  demonstrator  recently  reported  that  the  engineer 
at  a  certain  factory  had  asked  him  to  grind  a  set  of 
gears  on  exact  involute  curves.  When  the  gears  were 
projected  on  the  screen,  the  engineer  said,  "If  those 
gears  are  not  quiet,  then  no  one  can  produce  a  quiet 
gear."  The  demonstrator  maintained  that  they  would  not 
be  quiet,  and  they  were  not.  He  then  ground  gears 
with  slightly  modified  teeth,  as  described  earlier  in  this 
discussion ;  they  were  quiet.  The  answer  is,  you  want 
correct  involute  curves  while  the  gears  are  under  load 
rather  than  while  they  are  on  the  testing  machine. 

The  high  or  low-pitch  sound  that  we  had  before  the 
time  of  grinding  disappears  almost  completely.  The 
magnitude  of  the  sound  is  very  much  decreased.  Cer- 
tainly the  sound  is  more  pleasant  to  the  ear. 

Question: — Would  not  a  0.002-in.  cumulative  error 
between  the  first  tooth  and  half-way  round  the  gear 
give  an  "eccentric"  sound? 

Mr.  Muffly : — No;  because  that  condition  would  not 
make  the  gear  eccentric.  An  "eccentric"  sound  comes 
from  the  teeth  meshing  tightly  on  one  side  and  loosely 
on  the  other  side.  In  this  case  there  would  be  a  slight 
amount  of  acceleration  and  deceleration,  but  not  that 
eccentric  sound,  nor  the  sound  produced  by  a  large  tooth- 
to-tooth  variation ;  there  would  be  very  little  difference 
between  the  sound  made  by  a  gradual  increase  of 
0.0001  in.  per  tooth  and  that  made  by  a  gradual  decrease 
of  0.0001  in.  per  tooth.  You  would  not  have  any  decided 
click  or  eccentric  sound  if  the  error  were  uniformly 
distributed. 

Question: — Does  the  dressing  of  the  grinding-wheel 
depend  on  the  operator? 

Mr.  Muffly: — The  frequency,  but  not  the  accuracy, 
of  the  dressing  lies  with  the  operator.  The  wheel  is 
not  dressed  during  a  grinding  operation.  One  dressing 
is  good  for  from  one  to  six  gears,  depending  on  the 
size  of  the  gears,  the  amount  of  metal  to  be  removed 
and  the  material.     The  wheel  is  fed  to  the  diamond,  not 


the  diamond  to  the  wheel;  so  the  dressing  does  not 
change  the  location  of  the  grinding  surface. 

Question: — Will  ground  front-end  gears  be  as  quiet 
as  the,  best  silent-chains  under  similar  conditions  of 
operation  ? 

Mr.  Muffly:— They  ought  to  be  more  quiet. 

Question: — Could  the  tape  method  of  grinding  be 
applied  to  cams  instead  of  following  the  master  cam? 

Mr.  Muffly: — That  could  be  done,  but  we  are  not 
grinding  cams.  On  second  thought  we  are  grinding  cams, 
for  every  gear-tooth  is  a  cam,  a  cam  that  must  stand  up 
under  heavy  service.  There  are  such  things  as  involute 
cams  but  not  in  the  valve  mechanism  of  an  automobile 
engine.  If  you  use  the  tape  method  of  grinding  on 
something  else  than  an  involute  cam  you  would  wrap  the 
tape  about  some  other  form  than  a  circle. 

Question: — How  could  you  obtain  a  constant  velocity 
between  a  rack  and  the  pitch-circle  of  a  gear  by  a  base- 
circle  of. less  than  the  pitch-circle  of  the  gear? 

Mr.  Muffly: — The  base-circle  is  always  less  than  the 
pitch-circle.  The  base-circle  velocity  must  be  the  same 
on  any  two  mating  gears  and  the  pitch-circle  velocity 
of  the  two  gears  must,  of  course,  be  the  same.  The 
ratio  between  the  base-circle  velocity  and  the  pitch-circle 
velocity  is  represented  by  the  cosine  of  the  pressure- 
angle.  In  a  rack  we  have  only  the  pitch-line  to  consider, 
and  the  rack  movement  is  always  equal  to  the  pitch- 
circle  movement.  On  the  grinding  machine  we  get  the 
relative  movement  of  the  rack  tooth  from  the  pitch-circle, 
not  from  the  base-circle.  On  the  testing  machine  we  get 
the  movement  of  the  indicator-point  by  rolling  a  straight- 
edge on  the  base-circle.  The  base-circle  of  a  gear  must 
be  smaller  than  the  pitch-circle;  otherwise  there  would 
be  no  pressure-angle  at  all. 

Question:— If  the  involute  teeth  slide  on  each  other, 
would  not  the  wear,  in  time,  produce  a  flat  straight  line 
on  the  pitch-circle,  and  the  wear  of  the  forward  flank 
cause  noise? 

Mr.  Muffly: — Involute  gear-teeth  do  slide  on  one  an- 
other and  the  fractional  contact  does  cause  wear.  The 
wear  is  not  concentrated  on  the  pitch-line,  however.  On 
the  contrary,  we  have  a  rolling  contact  at  the  pitch-line 
and  the  amount  of  the  sliding  motion  increases  each  way 
from  the  pitch-line.  The  more  nearly  perfect  the  in- 
volute curves  are,  the  better  the  finish  on  the  teeth  will 
be;  and  the  harder  the  working  surface  is,  the  less  the 
teeth  will  wear.  Gears  with  correct  tooth-curves  will 
wear  more  uniformly  than  gears  with  incorrect  teeth. 
The  process  of  gear-tooth  grinding  now  in  use  produces 
the  most  correct  tooth-curves  yet  obtained  in  gear  pro- 
duction, and  consequently  the  gears  are  quieter  and  will 
stay  quiet  longer,  because  the  wear  is  uniform. 


PRACTICAL  RESEARCH 


WHEN  one  thinks  of  a  laboratory,  the  natural  conception 
is  of  a  place  where  theorists  work  on  purely  scientific 
problems.  The  patience  of  the  scientific  investigator  has  won 
him  many  laurels,  but  has  not  gained  him  the  support  of  the 
man  in  the  shop  who  depends  on  the  skill  and  speed  of  his 
hands  and  rule-of-thumb  methods  to  meet  any  demands  for 
increased  production  that  may  arise.  Rule-of-thumb  methods 
of  manufacturing  are  still  adhered  to  in  many  plants.  There 
has  been  a  decided  awakening,  however,  on  the  part  of  the 
majority  of  American  business  men. 

What  is  considered  the  science  of  yesterday  is  available  for 
the  business  man  of  today,  if  he  will  but  use  it.     One  of  the 


best  ways  to  do  this  is  to  establish  a  works  laboratory  and 
place  it  in  charge  of  a  scientifically  trained  man.  Briefly 
stated,  the  function  of  such  a  works  laboratory  is  to  apply 
scientific  principles  to  the  manufacture  of  the  firm's  product, 
so  as  to  raise  the  standard  of  quality  and  still  keep  the  cost 
at  a  minimum. 

If  placed  in  charge  of  the  proper  man,  the  laboratory 
should  be  the  best  paying  department  of  a  business.  We  have 
not  yet  attained  100-per  cent  efficiency  in  any  mechanical 
process  and  we  probably  never  will.  The  aim  is  to  eliminate 
as  much  of  the  existing  waste  as  possible. — A.  L.  Collins  in 
Machinery. 
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THE  SOCIETY'S  STANDARDIZATION  PROCEDURE 


IT  is  the  function  of  the  Society's  Standards  Committee  to 
formulate,  if  feasible,  standards  and  recommended  prac- 
tices that  will  simplify  and  coordinate  routine  and  engineer- 
ing practice  on  all  subjects  assigned  to  it  by  the  Council.  To 
facilitate  the  work,  the  Standards  Committee  is  resolved  into 
27  Divisions,  each  being  representative  of  a  particular  branch 
of  the  industry. 

Personnel 

The  Standards  Committee  is  presided  over  by  a  chairman 
and  two  vice-chairmen.  Each  Division  has  a  chairman  and 
one  vice-chairman.  The  Standards  Committee  and  Division 
chairmen  are  designated  by  the  President  of  the  Society,  the 
other  personnel  of  the  various  Divisions  being  appointed 
by  the  Council.  In  addition  to  the  Division  personnel,  Sub- 
divisions are  appointed  to  formulate  tentative  reports  cover- 
ing important  subjects  that  are  under  consideration,  the 
Subdivision  members  being  appointed  by  the  Division  chair- 
men. The  Subdivision  chairmen  are  usually  members  of  the 
Divisions  to  which  the  Subdivisions  report,  but  other  Sub- 
division members  are  selected  from  the  industries  at  large 
to  assure  the  assistance  of  the  best-qualified  men  in  each 
particular  field.  . 

Members  of  the  Standards  Committee  need  not  be  nec- 
essarily members  of  the  Society,  such  committee  members 
being  known  as  conferees  and  having  all  the  privileges  of 
regular  committee  members  except  that  of  voting.  In  select- 
ing members  of  the  Standards  Committee  importance  is 
placed  on  obtaining  men  of  broad  experience  and  so  far  as 
possible  familiarity  with  standards  work.  Many  of  them 
naturally  are  associated  with  the  older  and  better-known 
companies,  but  they  are  selected  for  their  personal  qualifi- 
cations. 

Initiation  and  Procedure 

The  assignment  of  subjects  to  the  various  Divisions  is 
generally  based  on  requests  that  have  been  received  from 
members  of  the  Society  or  the  industry  directly  affected. 
Subjects  are  not  assigned  by  the  Council  unless  their  stand- 
ardization is  considered  feasible  as  well  as  desirable.  Upon 
assignment  to  the  proper  Divisions,  the  various  matters  are 
studied  with  relation  to  the  limiting  phases  within  which 
standardization  can  be  accomplished  and  the  probable  re- 
quirements of  the  industry  affected.  If  a  subject  is  involved, 
the  features  that  the  standard  should  embody  are  outlined 
and  an  approval  of  the  outline  obtained  from  the  companies 
interested.  The  industries  are  then  circularized  for  data 
representing  current  practice  and  suggestions  for  consider- 
ation by  the  Division  members.  The  information  is  then,  as 
a  rule,  referred  to  a  Subdivision  for  the  formulation  of  a 
tentative  proposal  which,  when  submitted,  is  referred  to  the 
industries  for  comment.  The  tentative  proposals,  together 
with  the  comments  received,  are  then  referred  to  the  Divi- 
sions, and  revised  to  meet  all  valid  objections  which  may 
have  been  made.  The  Division  recommendations  are  then 
printed  in  The  Journal  prior  to  consideration  of  them  at 
the  next  meeting  of  the  Standards  Committee. 

Division  reports  may  be  approved  only  by  the  Standards 
Committee  at  regular  meetings  held  semi  -  annually  or  at 
special  meetings  called  by  direction  of  the  Council.  These 
meetings  are  open  to  Society  members  and  non  -  members 
alike.      The  reports  are  discussed  and  may  be  approved  as 


submitted  or  in  revised  form  or  referred  back  to  the  respec- 
tive Divisions  for  further  consideration.  After  Standards 
Committee  approval  the  repoi'ts  go  to  the  Council  and  if 
approved  are  acted  upon  at  a  regular  business  meeting  of 
the  Society.  The  reports  may  be  amended  at  these  meetings 
but  are  usually  approved  as  submitted.  The  reports  are 
then  submitted  to  the  voting  members  of  the  Society  for 
adoption  by  letter  ballot,  a  majority  of  the  votes  cast  being 
necessary  to  make  the  recommendations  official  S.A.E. 
Standard  or  Recommended  Practices.  The  results  of  the 
letter  ballot  are  referred  to  the  Council,  and  in  case  a  rec- 
ommendation encounters  several  negative  votes  supported  by 
sound  engineering  reasons,  the  Council  may  withhold  its 
publication  in  the  S.A.E.  Handbook  until  the  reasons  sub- 
mitted shall  have  been  reviewed  by  the  Division  making  the 
recommendation. 

Although  the  regulations  provide  that  a  majority  of  votes 
shall  be  necessary  to  approve  a  recommendation,  a  recom- 
mendation is  seldom  approved  unless  the  action  is  practically 
unanimous.  The  reasons  for  this  are  patent,  as  well-founded 
objections  to  any  adopted  recommendation  would  militate 
against  its  general  reduction  to  practice,  resulting  in  a 
"paper  standard"  only. 

The  time  required  for  the  stated  procedure  varies  from 
3  months  to  in  some  cases  a  number  of  years,  depending 
upon  the  conditions  involved.  A  large  amount  of  office  work 
is  required  in  corresponding  with  the  industries  and  mem- 
bers of  the  Divisions,  arranging  meetings  and  keeping 
progress  records. 

S.A.E.  Handbook 

Subsequent  to  the  Standards  Committee  meeting,  the  re- 
visions of  the  reports  together  with  the  discussions  thereon 
are  printed  in  the  following  issue  of  The  Journal,  the  re- 
vised reports  as  approved  being  printed  in  the  next  issue  of 
S.A,E.  Handbook  data  sheets.  It  is  essential  that  all 
standards  be  published  in  a  clear,  concise  and  uniform  man- 
ner. This  was  recognized  in  the  beginning  by  the  pioneer 
members  of  the  Society  and  its  Standards  Committee,  and 
the  present  well  -  known  loose  -leaf  S.A.E.  Handbook  has 
proved  the  wisdom  of  selecting  this  form  of  publication. 
Clear  detailed  drawings  with  tables  and  notes  are  used  to 
set  forth  the  standards  and  recommended  practices.  A  com- 
plete set  of  the  standards  goes  to  all  the  members  of  the 
Society,  including  the  new  and  revised  standards  issued 
twice  a  year.  The  complete  Handbook  is  available  to  non- 
members  of  the  Society  and  a  single  copy  of  any  standard 
may  be  obtained  upon  request  to  the  Society.  The  standards 
are  not  copyrighted,  but  it  is  expected  that  the  Society  will 
be  given  due  credit  for  any  of  its  data  reprinted  in  other 
publications. 

The  procedure  of  revising  existing  standards  is  the  same 
as  when  the  subjects  are  originally  considered.  As  such  re- 
visions are  not  published  in  the  S.A.E.  Handbook  until  they 
have  been  approved  by  letter  ballot  of  the  voting  members 
and  this  procedure  usually  takes  several  months,  it  is  well 
for  all  interested  to  ascertain  whether  a  standard  is  under 
revision  in  case  production  on  a  design  involving  the  use  of 
a  S.  A.  E.  Standard  is  contemplated.  Complete  information 
in  reference  to  the  current  work  of  the  Standards  Committee 
is  published  regularly  in  The  Journal. 
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CURRENT  WORK  OF  THE  STANDARDS 

COMMITTEE 


AERONAUTIC 
No  active  subjects 


AGRICULTURAL    POWER    EQUIP- 
MENT 

Plowing  Speeds 
Tractor  Rating 
Tractor  Testing   Forms 


ELECTRIC  VEHICLE 

Lamp  Bulbs  for  Electric  Vehicles 
Storage  Battery  Tray  Terminals 


AUTOMOTIVE  DIVISIONS 

MOTORCYCLE 

ISOLATED    ELECTRIC    LIGHTING      No  subjects  assigned 
PLANT 

No  subjects  assigned 

MOTORBOAT 

Control   Levers 
Engine  Couplings 
Engine  Testing   Forms 
Stuffing  Boxes 
Tachometer  Drives 
Trial  Performance  Forms 


PASSENGER-CAR 
Brake  Tests 
Frame  Numbers 

STATIONARY-ENGINE 

No  subjects  assigned 

TRUCK 
Power  Take-Off  Shaft-Ends 


PARTS  AND  FITTINGS  DIVISIONS 


AXLE  AND  WHEELS 

Brake-Drums 
Differential  Gears 
Solid-Tire  Felloes 
Wire-Wheel    Spokes 

BALL  AND  ROLLER  BEARINGS 

Corner  Radii 

Inch-Type  Roller-Bearings 
Medium-Heavy  Ball-Bearings 
Wide-Type  Ball-Bearings 


Roller  Chains 


CHAIN 


ELECTRICAL  EQUIPMENT 
Automobile  Wiring 

ENGINE 

Engine   Numbers 
Flywheel  Housings 
Poppet  Valves 
Starting-Cranks 

FRAMES 
Motor-Truck  Frames 


IRON  AND  STEEL 

Part  III,   Chemical  Compositions 
Part  IX,  Heat- Treatments 
Sheet  Steel 


LIGHTING 

Bases,  Sockets  and  Connectors 
Focusing   Mechanisms 
Lamp  Glasses 
Motorboat  Lighting  Equipment 


LUBRICANTS 

Crankcase  Lubricating  Oils 
Transmission  Lubricants 


NOMENCLATURE   DIVISION 
No  subjects  assigned 

NON-FERROUS  METALS 
Wrought  Non-Ferrous  Alloys 

PARTS  AND  FITTINGS 

Flexible  Discs 

License-Plates  and  Brackets 
Wire  Mesh 


PASSENGER-CAR  BODY 

Aluminum  Molding 
Aluminum  Sheet 
Body  Nomenclature 
Brass   Molding- 
Door  Hinges 
Hardwood  Lumber 
Paints,  Varnishes  and  Enamels 
Steel   Molding 
Strap  Loops 
Upholstery  Leather 


RADIATOR 

No  subjects  assigned 

SCREW-THREADS 

Screw-Thread  Practice 

Tire  Valves 

SPRINGS 

Definitions 

Leaf-Spring  Nomenclature 

Motor-Truck  Springs 

Passenger-Car  Springs 

Spring-   Specifications 

Tests  for  Parallelism  of  Spring-Eyes 

STORAGE  BATTERY 
No  subjects  assigned 

TRANSMISSION 

Clutch  Housings 

Transmission  Tire-Pump   Mounting 
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New  Principles  in  Rotative  Balance 


By  Amos  F.  Mover1 


Minneapolis  Section  Paper 


Illustrated  with  Photograph 


FOLLOWING  the  presentation  of  this  paper,  writ- 
ten discussion  was  submitted  to  which  the  author 
was  given  an  opportunity  to  reply.  The  discussion 
and  the  reply  are  printed  herewith,  with  the  understand- 
ing that  the  duty  of  THE  Journal  has  now  been  per- 
formed and  that  this  discussion  is  thereby  closed.  For 
the  convenience  of  the  members,  an  abstract  of  the  paper 
is  presented  also,  together  with  a  reference  to  the  text 
and  illustrations  already  published. 

ABSTRACT 

WITH  the  advent  of  high-speed  machinery,  the  ordi- 
nary methods  of  rotative  balancing  were  found 
insufficient.  Rotative  bodies  that  had  been  given  the 
most  careful  static  or  standing  balance  would  vibrate 
seriously  when  running,  because  of  an  unbalanced 
couple  consisting  of  two  quantities  of  equal  magnitude 
on  opposite  sides  of,  but  displaced  from  each  other 
along,  the  axis.  Thus,  a  second  consideration  in  rota- 
tive balance,  called'  dynamic  or  running  balance,  was 
introduced. 

Until  the  invention  of  the  balancing  machine  that 
the  author  describes,  there  were  no  means  for  meas- 
uring directly  the  resultants  for  the  two  separate 
ends  of  a  rotative  body,  but  now  these  quantities  can 
be  measured  directly  and  located  without  the  necessity 
of  separating  the  standing  from  the  running  balance. 
The  new  principles  are  demonstrated  mathematically 
with  the  aid  of  diagrams,  the  balancing  machine  is 
illustrated  and  described,  and  comments  are  made  to 
afford  a  correct  conception  of  the  subject  of  balance. 
[Printed  in  the  October,  1922.  issue  of  The  Journal.] 

THE    DISCUSSION 

F.  Hymans": — With  reference  to  the  paper  entitled 
New  Principles  in  Rotative  Balance,  wherein  A.  F.  Mover 
describes  a  balancing  machine  invented  by  Dr.  B.  L. 
Newkirk,  the  object  is  to  inquire  into  the  processes  em- 
ployed in  that  machine  and  to  refer  to  their  novelty,  for 
which  extravagant  claims  are  made.  According  to  the 
paper,  the  novelties  are  (a)  an  alleged  new  principle,  by 
inference  the  discovery  of  Dr.  B.  L.  Newkirk,  that  one, 
and  only  one,  correction  is  required  in  each  of  two  ar- 
bitrary planes  of  revolution  to  eliminate  the  lack  of  bal- 
ance in  a  body;  and  (b)  a  machine  employing  this  prin- 
ciple and  wherein  no  distinction  is  made  between  stand- 
ing and  running  balance. 

As  to  the  novelty  of  the  principle,  I  quote  from  the 
English  translation  of  Stodola" :  "Complete  mass-balance 
can  be  obtained  in  the  case  of  rotation  about  a  fixed  axis 
by  the  addition  of  two  suitable  masses  in  two  otherwise 
arbitrary  planes  at  right  angles  to  this  axis."  Stodola  is 
surely  no  obscure  authority  and,  as  his  book  appeared  17 
years  ago,  the  claim  as  to  the  novelty  of  the  principle 
cannot  very  well  be  maintained. 

Regarding  the  second  point,  Fig.  10  is  a  photograph 
of  a  turbine  rotor  in  the  process  of  balancing  on  one  of 
the  Akimoff  heavy-duty  balancing  machines,  which  is 
made  in  capacities  up  to  150,000  lb.     This  type  of  ma- 

i  M  S  A.E. — Chief     engineer.     Precision     Balancing    Machine     Co.. 
Minneapolis    and  consulting  research  engineer. 
-  Vibration   Specialty  Co.,  Philadelphia. 
3  See  Steam  Turbines,  Stodola,  p.  174. 


chine  employs  the  principle  announced  as  new  by  Mr. 
Moyer.  It  does  not  distinguish  between  static  and  dyna- 
mic balance,  and  only  two  corrections  are  made  each  in  a 
plane  at  right  angles  to  the  shaft.  In  the  older  types, 
the  body  had  to  be  reversed  exactly  as  in  the  Newkirk 
machine.  In  the  later  types,  two  vibrating  supports  are 
provided  one  of  which  is  locked  at  a  time.  The  Akimoff 
machine  has  found  a  wide  distribution  in  this  country 
and  has  been  on  the  market  since  1917.  Thus  there  is  in 
the  Newkirk  machine  neither  a  new  principle  nor  is  he 
the  first  to  apply  it. 

The  paper  describes  a  method  for  locating  the  axial 
plane  of  the  required  corrections  on  the  body.  Mr. 
Moyer  does  not  say  that  the  results  of  this  method  are 
only  approximate.  It  requires  the  measuring  of  two  am- 
plitudes, and  it  is  pointed  out  below  that  very  slight 
errors  in  the  observations  lead  to  gross  errors  in  the 
desired  location  of  the  axial  plane  of  correction. 

Many  years  ago  Norton  devised  the  so-called  high-spot 
method,  the  results  of  which  are  more  accurate  than  the 
Newkirk  method.  The  high-spot  method  has  the  advan- 
tage that  no  observations  or  calculations  on  a  slide-rule 
have  to  be  made  by  the  operator.  Besides,  the  result  of 
Xewkirk's  observations  and  calculations  is  an  angle; 
namely,  the  angle  locating  the  axial  plane  of  correction 
with  reference  to  an  eccentric  weight.  But  it  does  not 
inform  the  operator  whether  this  angle  should  be  laid 
off  to  the  right  or  to  the  left  of  the  eccentric  weight,  and 
another  trial  run  is  required  to  decide  this  question. 

Newkirk  does  not  lay  off  the  plane  of  corrections  on 
the  work  in  accordance  with  the  result  of  his  calculations 
as  he  might  do  if  the  method  really  were  one  of  precision. 
No,  he  provides  the  means  to  test  them ;  he  adjusts  and 
readjusts  these  means  until  by  experimentation,  and  by 
nothing  else,  he  locates  the  plane  of  correction.  These 
means  help  him  to  determine  another  element,  which  his 
previous  calculations  do  not  give;  namely,  the  amount  of 
the  required  correction.  The  means  referred  to  are  a 
weight  the  angular  and  radial  positions  of  which,  with 
reference  to  the  work,  can  be  adjusted  at  will.  The  first 
to  employ  it  in  an  organized  manner  on  balancing  ma- 
chines is  N.  W.  Akimoff. 

Furthermore,  the  Newkirk  balancing  machine  is  ar- 
ranged so  that  the  oscillations  of  the  work  are  of  one 
degree  of  freedom,  which  again  is  copied  from  Mr. 
Akimoff.  The  Newkirk  machine  requires  that  the  body 
in  its  original  and  reversed  positions  be  placed  on  the 
machine  so  that  the  two  planes  in  which  corrections  are 
to  be  made  comprise  in  each  test  the  axis  around  which 
the  body  oscillates.  This  is  the  only  point  in  which  it 
differs  from  the  heavy-duty  Akimoff  machine;  it  facili- 
tates slightly  the  required  calculations.  On  the  other 
hand,  this  feature  severely  restricts  the  field  of  applica- 
tion of  the  Newkirk  machine.  It  is  limited  to  bodies  ap- 
proximately the  same  end-for-end,  and  the  cradle-like 
construction  makes  it  unsuitable  for  long  and  heavy 
bodies. 

Comparing  the  machines  that  distinguish  between 
static  and  dynamic  balance,  also  the  invention  of  Mr. 
Akimoff,  with  the  Newkirk  machine,  let  us  consider  the 
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balancing  of  crankshafts.  In  the  Newkirk  machine  we 
must  select  the  webs,  and  set-up  the  machine  accordingly, 
at  which  corrections  are  to  be  made  before  we  know  the 
state  of  unbalance  of  the  body.  Further,  for  production, 
the  machine  must  be  set-up  once  and  for  all  and  correc- 
tions must  therefore  always  be  made  at  the  same  webs, 
no  matter  whether  the  particular  state  of  imbalance  in  a 
given  case  makes  these  webs  the  most  suitable.  It  is  this 
inflexibility  that  is  the  disadvantage  of  the  Newkirk  ma- 
chine. It  can,  for  example,  so  happen  that  the  state  of 
unbalance  is  such  that  the  required  correction  lies  out- 
side of  the  metal  of  the  particular  web  to  which  it  should 
be  applied;  or,  it  can  happen  that  the  required  correction 
is  so  large  that  if  applied  to  the  web  it  would  weaken  it 
seriously.  The  machines  that  distinguish  between  static 
and  dynamic  balance  are  free  from  this  inflexibility. 
The  states  of  static  and  dynamic  balance  are  ascertained 
first,  leaving  the  operator  free  to  correct  for  each  kind 
of  unbalance  at  any  webs  that  are  most  switable  for  the 
purpose. 

Under  the  heading  Misconceptions  of  Balance,  Mr. 
Mover  comes  to  the  conclusion  that  a  body  balanced  at 
any  one  speed  is  balanced  at  all  speeds.  This,  of  course, 
is  a  cardinal  truth,  and  is  very  handy  to  justify  bal- 
ancing at  a  speed  that  is  most  convenient  for  the  par- 
ticular type  of  machine.  For  the  approximate  location  of 
the  axial  plane  of  the  required  correction,  Newkirk  reads 
the  amplitude  of  oscillations  with  the  body  alone,  and 
then  of  the  body  in  combination  with  an  eccentric  weight. 
From  the  ratio  of  these  amplitudes,  the  angle  locating  the 
required  plane  with  reference  to  the  axial  plane  of  the 
eccentric  weight,  whether  to  the  right  or  left  of  it  only 
another  experiment  will  tell,  is  determined.  Suppose  the 
first  reading  is  20  and  the  second  38;  then,  the  ratio  is 
1.9  and,  on  the  chart,  Fig.  6  of  the  paper,  the  correspond- 
ing angle  is  140  deg.,  very  nearly.  If,  however,  the  sec- 
ond reading  had  been  40,  the  ratio  would  have  been  2 
and  the  angle  180  deg.  Thus  an  error  in  the  second  read- 
ings of  2  in  40,  or  5  per  cent,  makes  a  difference  of  not 
less  than  40  deg.  in  the  location  of  the  desired  plane  of 
correction;  and,  if  there  is  to  be  in  this  method  the  faint- 
est resemblance  of  precision,  the  amplitudes  must  be 
read  with  a  very  high  degree  of  accuracy.  No  doubt  a 
slow  speed  of  about  100  to  110  r.p.m.,  such  as  Mr.  Moyer 
recommends,  is  more  suited  to  this  purpose  than  a  high 
speed. 


The  speed  at  which  the  work  is  to  be  balanced  should 
not  be  subordinated  to  the  convenience  of  a  method  or  of 
a  machine.  In  a  balancing  machine,  we  locate  and  meas- 
ure centrifugal  forces  and  nothing  else.  The  larger 
these  are,  the  more  completely  and  accurately  can  we 
measure  them  and  eliminate  them.  Therefore,  the  speed 
at  which  a  body  is  to  be  balanced  should  be  comparatively 
high,  materially  higher  than  100  or  110  r.p.m.  for  a 
crankshaft.  Balancing  at  double  this  speed  costs  no 
more,  and  there  is  no  reason  to  be  satisfied  with  a  residue 
of  0.2  oz-in.  static,  or  its  equivalent  in  dynamic  unbal- 
ance when,  with  the  same  labor  and  expense,  we  can 
come  still  nearer  to  the  ideal.  Of  course,  the  centrifugal 
forces  are  proportional  to  the  square  of  the  velocity  of 
rotation  and  the  light,  cheap  structure  of  the  Newkirk 
machine,  consisting  of  rods  or  tubes  clamped  together, 
would  not  have  the  required  rigidity  for  balancing  at 
high  speed. 

A.  F.  Moyer: — In  reply  to  the  comments  of  Mr.  Hy- 
mans,  I  must  affirm  that  there  is  no  statement  in  my 
papers  which  cannot  be  substantiated  and,  therefore, 
nothing  to  retract.  Idle  dispute  avails  nothing  and,  un- 
less constructive  criticism  can  be  offered,  there  would 
seem  to  be  little  need  for  discussion.  The  particular  ad- 
vantages of  the  Newkirk  system  lie  in  precise  determina- 
tions systematically  laid  off  and  applied  on  the  work, 
both  quantity  and  position  being  determined  by  measure- 
ment without  experimentation  or  involved  calculation. 
These  results  are  consistently  maintained  in  production 
in  a  routine  manner  successfully  carried  out  by  a  good 
average  workman.  The  degree  of  accuracy  obtained  by 
this  machine  is  as  fine  as  commercial  applications  can 
feasibly  be  made,  and  the  rapidity  of  measurement  is  far 
greater  than  possible  by  any  means  of  experimentation, 
including  both  quantity  and  angular  position. 

In  comparing  angular  determinations,  the  shortcom- 
ings of  the  so-called  high-spot  method  are  too  old  and  too 
well-known  to  need  repetition  here,  but  they  include,  be- 
sides lesser  evils,  an  entire  absence  of  quantity  indica- 
tions and  the  possibility  of  entirely  false  indications, 
causing  wrong  applications  to  be  made  at  one  end.  Actu- 
ally, the  error  in  angle  claimed  by  Mr.  Hymans  is  never 
retained,  because  a  redetermination  is  effected  by  an  ob- 
servation at  the  last  position,  which  results  in  high  ac- 
curacy, since  the  true  angle  is  then  small  and  an  error 
in  reading  has  only  a  much  diminished  effect.    Whether 
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the  angle  is  to  the  right  or  to  the  left  is  determined 
quickly  by  trial  and,  in  many  classes  of  manufacture,  the 
process  of  production  will  enable  the  operator  to  turn  the 
angle  in  the  proper  direction  the  first  time  on  90  per 
cent  of  his  measurements. 

In  the  balancing  of  crankshafts,  the  objections  offered 
are  of  no  consequence  because  one  can  make  applications 
on  other  webs  of  the  shaft,  and  the  allowances  for  doing 
so  are  no  more  complicated  than  the  so-called  free  manner 
of  correction  for  each  kind  of  balance,  an  unnecessary 
distinction  that  must  always  be  employed  with  the  static- 
dynamic  type  of  machine.  The  particular  advantages  of 
the  Newkirk  system,  in  most  directly  laying  off  and  ap- 
plying the  corrections  on  the  work  can,  with  proper  al- 
lowances, be  retained  and  fully  realized.  It  is  possible 
to  insure  that  all  corrections  will  fall  within  the  webs  at 
which  they  can  be  applied  most  easily  and  systematically, 
and  will  never  weaken  the  member.  Never  more  than 
four  points  of  correction  will  be  required  and,  by  the  cut 
meter,  all  quantities  will  be  predetermined  without  spe- 


cial calculation  or  experiment.  On  certain  types  of 
crankshaft,  two  points  of  correction  will  always  suffice. 
It  is  better  to  show  an  operator  what  to  do  than  to  depend 
upon  his  intelligent  use  of  liberty,  which  must  be  ac- 
companied by  advanced  judgment  or  even  mathematical 
skill. 

The  detailed  design  and  construction  of  this  precision 
machine  provides  a  considerable  adjustment  for  unequal 
end-for-end  dimensions  and,  as  I  have  shown,  only  one 
of  the  planes  of  measurement  needs  necessarily  to  be 
placed  over  the  pivots;  this  permits  One  end  of  the  work 
to  be  of  any  desired  excess  length,  so  long  as  it  will  go 
into  the  machine  at  all.  The  lightness  of  construction 
employed  is  far  from  cheap,  and  is  based  upon  sufficient 
reasons  to  meet  the  approval  of  authoritative  designers 
and  builders  of  machine  tools,  a  leading  firm  of  which 
has  taken  over  the  manufacture.  As  to  the  charges  of 
copying,  imitation  and  the  like,  I  reply  that  Mr.  Hymans 
is  mistaken  as  to  the  identity  of  the  persons  first  to  use 
the  features  prominently  referred  to. 


EXPORTS 


DESPITE  the  enormous  volume  of  American  manufac- 
tures, except  in  special  lines,  this  Country  is  not  fore- 
most as  an  exporter  of  industrial  products.  Great  Britain 
is  still  first  in  export  trade  in  manufactures.  Outwardly,  the 
conditions  surrounding  the  development  of  industry  in  the 
United  States  do  not  appear  to  differ  greatly  from  the  in- 
fluences that  have  conditioned  the  development  of  manu- 
factures in  Europe.  Fundamental  differences  nevertheless 
exist.  Evidence  of  them  is  found  in  the  fact  that,  in  the 
main,  American  manufacturers  produce  for  domestic  demand, 
while  European  industries  are  heavily  dependent  on  export 
business. 

Despite  the  enormous  production  of  iron  and  steel  the 
United  States  exports  only  about  6  per  cent  of  the  total  prod- 
uct, machinery  excluded.  Before  the  war  Germany  exported 
about  one-third  of  all  the  iron  and  steel  produced  in  the 
country,  and  in  1922  about  30  per  cent.  Prior  to  1914  the 
United  Kingdom  ordinarily  exported  about  half  of  the  prod- 
uct of  its  blast  furnaces  and  steel  mills,  and  last  year  it  ex- 
ported 58  per  cent.  The  United  States  exports  between  5  and 
10  per  cent  of  all  cotton  goods  made  here.  The  mills  of  the 
United  Kingdom  prior  to  1914  exported  about  four-fifths  of 
their  entire  product.  Exports  of  woolen  and  worsted  textiles 
from  the  United  States  are  negligble.  British  exports  on  a 
pre-war  basis  were  about  40  per  cent  of  the  total  output. 
Only  about  2  per  cent  of  the  boots  and  shoes  made  in  the 
United  States  was  exported  in  1922;  and,  out  of  a  total  pro- 
duction of  2,577,000  automobiles  and  motor  trucks,  exports 
were  but  79.000  or  3  per  cent. 

The  statement  has  been  made  that  the  foreign  trade  of 
Great  Britain  in  pre-war  days  was  calculated  at  about  25  per 
cent  of  its  domestic  trade.  The  export  market  is  probaMy 
somewhat  less  important  to  Germany,  but  the  profitable  oper- 
ation of  German  industry  nevertheless  depends  upon  it;  and 
the  same  is  true  of  the  industries  of  the  Netherlands,  of  Italy 
in  so  far  as  Italy  is  an  industrialized  country;  of  the  major 
industries  of  France,  and  of  the  industrialized  areas  of  Aus- 
tria and  the  Succession  States.  The  industries  of  Belgium 
are  of  the  extreme  export  type.  It  has  been  estimated  that  in 
normal  times  the  Belgium  glass  industry  must  export  95  per 
cent  of  its  output;  the  bottle,  goblet  and  cut  glass  industries 


70  per  cent;  the  zinc  industry  80  per  cent;  the  steel  industry 
6G  per  cent;  the  flax-spinning  industry  SO  per  cent;  and  the 
match  industry  64  per  cent. 

This  difference  in  the  relative  importance  of  export  trade 
to  the  manufacturing  industries  of  the  United  States  and  of 
Europe  has  existed  almost  from  the  beginning  of  the  develop- 
ment of  the  factory  system  in  its  present  sense.  In  Europe 
modern  industry  was  superimposed  upon  countries  already 
fairly  mature.  Fields  had  long  been  tilled.  Coal  was  new 
as  a  source  of  power,  but  metal  mines  had  been  exploited  for 
hundreds  of  years.  In  England  and  in  many  parts  of  the 
Continent,  supplies  of  timber  were  becoming  insufficient  for 
the  needs  of  the  people.  After  the  introduction  of  power 
spinning  and  weaving  machinery,  the  use  of  coal  as  fuel, 
with  the  consequent  growth  of  modern  smelting  methods  and 
the  development  of  numberless  mechanical  devices  to  do  the 
work  that  had  theretofore  been  done  by  human  hands,  it  was 
possible  for  a  time  for  the  European  countries  to  depend 
primarily  upon  their  own  natural  resources  and  their  own 
markets,  but  this  condition  did  not  long  prevail.  Another 
circumstance  of  considerable  importance  in  its  effect  both  on 
the  consuming  power  of  the  European  market  and  on  methods 
of  production  is  that  before  the  coming  of  modern  industry, 
centuries  had  already  stabilized  social  customs,  stratified 
society  and  fixed  the  habits  of  life  of  the  people. 

The  manufacturing  industries  of  the  United  States  have 
developed  with  the  Country.  At  the  same  period  when  the 
United  States,  along  with  Europe,  was  making  its  transition 
from  the  household  and  handicraft  stages  of  industry  it  was 
also  making  its  transition  from  the  pioneer  stage  of  settle- 
ment to  an  established  community.  The  change  was  complete. 
Material,  political  and  social  surroundings  altered  coincident- 
ally  with  the  growth  of  manufactures.  The  minds  of  the 
people  turned  away  from  Europe  and  toward  the  West. 

Important  factors  in  the  sale  of  American  machinery 
abroad  are  developments  of  the  principle  of  interchangeable 
parts  and  of  the  American  service  systems.  These  methods 
are  the  direct  outgrowth  of  conditions  in  the  United  States. 
Large-scale  production  tends  inevitably  to  standardization 
and  ultimately  to  a  high  degree  of  interchangeability. — E.  M. 
Miller,  National  Bank  of  Commerce. 
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Reports  of  Divisions  to  Standards 

Committee 


THE  following  13  Division  reports  of  the  automotive 
and  parts  and  materials  divisions  of  the  Standards 
Committee  will  be  presented  for  approval  at  the 
Standards  Committee  Meeting  on  Tuesday,  June  19,  at 
11  a.m.  in  the  Ball  Room  of  the  Essex  and  Sussex,  at 
Spring  Lake,  N.  J.,  this  being  the  first  clay  of  the  Sum- 
mer meeting  of  the  Society. 

The  reports  are  printed  in  this  issue  of  The  JOURNAL 
to  allow  sufficient  time  for  Society  members  and  others 
to  study  the  reports  and  prepare  comments  and  sug- 
gestions for  consideration  at  the  meeting  which  will, 
as  usual,  be  in  the  nature  of  a  public  hearing.  Although 
only  members  of  the  Standards  Committee  may  vote 
on  the  adoption  of  the  reports,  discussion  is  invited 
from  everyone,  whether  connected  with  the  engineering, 
production  or  servicing  branches  of  the  industry,  inter- 
ested in  the  adoption  in  practice  of  the  standards  pro- 
posed. The  recommendations  of  the  Divisions  do  not 
necessarily  apply  to  present  practice,  although  they  are 
based  to  a  large  extent  on  present  practice.  They  are 
intended  to  be  followed  by  the  various'  industries  to 
which  they  are  applicable  when  changes  in  design  or 
production  make  it  economically  possible  to  do  so.  The 
general  adoption  in  practice  of  a  given  recommendation 
may  be  a  matter  of  months  or  years,  depending  upon 
the  conditions   involved. 

A  list  of  the  several  subjects  before  the  Standards 
Committee  is  given  on  p.  561  of  this  issue.  The  detailed 
procedure  followed  by  the  Standards  Committee  is  out- 
lined on  p.  560. 

AGRICULTURAL    POWER    EQUIPMENT    DIVISION 
REPORT 

Division  Personnel 


C.  B.  Rose,  Chairman 
A.  W.   Scarratt,   Vice-Chair- 
man 
J.  B.  Bartholomew 
('.  E.  Frudden 
A.  H.  Gilbert 
R.  O.  Hendrickson 
P.  E.  Holt 
John  Mainland 
M.  B.  Morgan 
J.  F.  M.  Patitz 
0.   W.  Sjogren 
L.  W.  Witry 

G.  A.  Young 

O.  W.  Young 

O.  B.  Zimmerman 


specifications  finally  developed  meet  with  the  general 
approval  of  the  belting  manufacturers  as  well  as  the 
tractor  builders.  Although  some  five-ply  belts  are  used 
in  greater  widths  than  specified  in  the  report,  it  is 
recognized  that  to  be  of  the  most  value  the  specifications 
should  specify  only  those  sizes  most  extensively  used 
and  absolutely  necessary  for  proper  operation  under 
different  conditions  of  various  equipments. 

Therefore  the  Agricultural  Power  Equipment  Division 
recommends  for  adoption  as  S.  A.  E.  Recommended  Prac- 
tice the  accompanying  specifications  for  tractor  driving- 
belts. 

L.  W.  Amy,  secretary  of  the  Leather  Belting  Ex- 
change, who  attended  the  Subdivision  and  Division 
meetings  at  which  this  subject  was  considered,  has  been 
appointed  a  member  of  the  Subdivision  to  assist  in  pre- 
paring similar  specifications  for  tractor  leather  driving- 
belts. 

SPECIFICATIONS  FOR  TRACTOR  ENDLESS  DRIVING-BELTS 
For  farm  tractors,  new  endless  belts  of  either  can- 
vas or  rubber  shall  measure  the  full  taped  and  speci- 
fied length  without  allowance  being  made  for  the  splice. 
This  length  shall  be  the  single  stock-length  and  correct 
to  within  tolerances  of  plus  or  minus  0.25  per  cent  to 
take  care  of  reasonable  shrinkage  or  stretching  in 
manufacture  and  changes  due  to  atmospheric  conditions. 
All  belts  shall  be  marked  to  indicate  the  pulley  side 
and  the  preferred  direction  of  running. 


Moline  Plow  Co. 

Minneapolis  Steel  &  Machin- 
ery Co. 

Avery  Co. 

Hart-Parr  Co. 

Rock  Island  Plow  Co. 

J.  I.  Case  Plow  Works  Co. 

Holt  Mfg.  Co. 

Advance-Rumely  Co. 

Timken-Detroit  Axle  Co. 

Allis-Chalmers  Mfg.  Co. 

University  of  Nebraska 

Waterloo  Gasoline  Engine 
Co. 

Purdue  University 

Hyatt  Roller  Bearing  Co. 

International    Harvester    Co. 

Tractor  Belts  and  Pulleys 
Proposed  S.  A.  E.  Recommended  Practice 
During  the  last  year  the  Agricultural  Power  Equip- 
ment Division,  through  a  Subdivision  of  which  0.  B. 
Zimmerman  of  the  International  Harvester  Co.  is  chair- 
man, has  been  working  on  the  standardization  of  trac- 
tor driving-belts,  which  had  been  urged  by  both  manu- 
facturers and  users.  The  specifications  originally  pro- 
posed by  the  Subdivision  have  been  extensively  revised 
as  a  result  of  several  meetings  at  which  manufacturers 
of  canvas   and  rubber   belting   were    represented.     The 
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TABLE     1- 

-DIMENSIONS     AND     RATINGS 

OF     CANVAS     AND 

RUBBER   BELTS 

Belt 

N 

umber 

Belt  Length, 

Approximate 

Width, 

of 

Ft. 

Horsepower 

In. 

Plies 

±  0.25  Per  Cent 

Rating1 

5 

4 

75 

18 

6 

4 

50,  75, 100 

22 

7 

4 

100,        125 

26 

8 

4 

125,        150 

30 

8 

5 

125,        150 

37 

9 

ippi 

0 

oximate 

160 
horsepower  rating 

42 

'The   ; 

is    based   on    a 

belt    speed 

of    3000 

ft.    per    min.        Belts    should    be 

operated    in 

service 

at   one   of   the   S. 

belt-speeds. 

The  150  and  the  160-ft.  belts  8  and  9  in.  wide  respec- 
tively are  necessary  for  steam  tractors  to  conform  to 
fire  prevention  laws  in  some  States  and  in  Canada. 

PULLEY  DIAMETERS 

The  driven  pulley  diameters  shall  be  not  less  than 
7  in.  for  four-ply  and  10  in.  for  five-ply  belts  and  should 
be  preferably  as  large  as  practical  conditions  permit. 
To  insure  good  traction  and  long  life,  thinner  and  wider 
belts  should  be  chosen  in  preference  to  thicker  and  nar- 
rower belts. 

CANVAS  BELTING 

Canvas  belts  shall  be  made  of  long  fiber  belt-duck 
free  from  defects  and  shall  weigh  not  less  than  32  oz. 
per  linear  yd.  36  in.  wide,  or  an  equivalent  weight  for 
different  widths,  when  corrected  to  a  basis  of  6-per  cent 
moisture. 

Belts  shall  be  well  stitched  with  the  stitching  spaced 
not  more  than  9/32  in.  apart  across  the  belt  and  the 
edges  and  laps  double-stitched  with  sewing  twine  of  a 
quality  equal  to  the  long-fiber  belt-duck. 
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Canvas  belts  shall  be  thoroughly  water-proofed  by 
gum,  oil  or  paint  that  will  not  injure  the  fabric  and 
will  maintain  the  belts  in  a  pliable  condition  so  as  to 
furnish  good  traction  throughout  normal  changes  due 
to  wear,  temperature  and  moisture. 

RUBBER   BELTING 

Rubber  belts  shall  contain  long-fiber  belt-duck  free 
from  defects  and  shall  weigh  not  less  than  32  oz.  per 
linear  yd.  42  in.  wide  when  corrected  to  a  basis  of  6-per 
cent  moisture. 

In  folding  the  canvas,  the  seaming  strip  shall  be  not 
more  than  one-third  of  the  belt  width  from  the  edge  of 
the  belt  to  avoid  the  crowned  center  of  the  pulley. 

Rubber  belts  shall  be  friction-surfaced  and  the  duck 
shall  be  thoroughly  impi'egnated  with  a  good  grade  of 
rubber. 

RubDer  belts  shall  be  stitched,  except  at  the  splice, 
with  only  such  stitching  as  is  necessary  in  good  manu- 
facturing practice. 

The  several  plies  shall  be  thoroughly  cemented  to- 
gether with  first-class  rubber  compound,  making  ad- 
hesion between  the  plies  of  the  duck  sufficient  to  with- 
stand the  following  test: 

A  strip  1  in.  wide  shall  be  cut  crosswise  or 
longitudinally  from  the  belt  and  suspended  ver- 
tically. A  ply  shall  be  stripped  down  and  a  16-lb. 
weight  fastened  to  it.  This  weight  shall  not 
cause  a  separation  of  the  plies  at  a  greater  rate 
than  1  in.  per  min. 

AXLE  AND  WHEELS  DIVISION  REPORT 

Division  Personnel 


TABLE  2 — PASSENGER-CAR  FRONT-WHEEL  WOOD  HUBS 


C.  C.  Carlton,  Chairman 
C.   S.   Dahlquist,   Vice-Chair- 
mii  il 
R.  S.  Begg 
L.  R.  Buckendale 
T.  V.  Buckwalter 
R.  J.  Burrows 
L.  W.  Close 
J.  Coapman 
H.  E.  Derr 
G.  W.  Dunham 
F.  W.  Gurney 

F.  P.  Hall,  Jr. 

G.  W.  Harper 
G.  L.  Lavery 

A.  M.  Laycock 

H.  V.  Ludwick 
C.  T.  Myers 
0.  J.  Rohde 

F.  A.  Shuler 
F.  S.  Spring 


Motor  Wheel  Corporation 

Cleveland 

Jordan  Motor  Car  Co.,  Inc. 
Timken-Detroit  Axle  Co. 
Timken  Roller  Bearing  Co. 
Clark  Equipment  Co. 
Bock  Bearing  Co. 
Russel  Motor  Axle  Co. 
International    Harvester    Co. 
Savage  Arms  Corporation 
Gurney  Ball  Bearing  Co. 
Salisbury  Axle  Co.,  Inc. 
Columbia  Axle  Co. 
West  Steel  Casting  Co. 
Tire  and  Rim  Association 
Waukesha  Motor  Co. 
Detroit  Steel  Products  Co. 
Budd   Wheel  Corporation 
Consulting  Engineer 
Wire   Wheel    Corporation   of 

America 
Shuler  Axle  Co. 
Courier  Motors  Co. 


Front-Wheel  Mountings 

(Proposed  Extension  of  S.A.E.  Recommended  Practice) 

As  a  result  of  further  consideration,  the  Axle  and 
Wheels  Division  recommends  the  passenger-car  front- 
wheel  dimensions  given  in  Table  2  for  adoption  as  an 
extension  of  the  present  S.A.E.  Recommended  Practice 
for  Front-Axle  Hubs,  page  Fib  of  the  S.A.E.  Handbook. 
These  dimensions  will  complete  the  present  recommended 
practice  for  inch-size  taper  roller  bearing  front-axle 
hubs  for  passenger-cars  and  motor  trucks. 

[A  meeting  of  the  Axle  and  Wheels  Division  will  be 
held  on  the  morning  of  June  19  to  review  the  report 
herein  submitted,  as  certain  dimensions  have  been  ques- 
tioned. Any  revisions  decided  upon  at  that  time  will  be 
submitted  at  the  afternoon  session  of  the  Standards 
Committee  Meeting.] 


Outside 

Distance 

Flange 

Flange 

Bolt- 

Hub 

Dia- 

Between 

Dia- 

Fillet- 

Circle 

No.  of 

Bolt 

Hub-Cap 

Size 

meter  of 
Hub 

Flanges 

meter 

Radius 

Dia- 
meter 

Bolts 

Size' 

Thread 

EO 

2.1830 
2.1860 

IK 

6 

H 

5 

6 

% 

2ys-2i 

El 

3.0625 
3.0655 

IK 

7 

K 

5% 

12 

A 

2&-16 

E2 

3.5000 
3,5030 

m 

7K 

H 

6 

12 

A 

2A-16 

R3 

3  6875 
3.6905 

VA 

7% 

% 

6K 

12 

T5 

3    -16 

R4 

3.8125 
3,8155 

M 

8 

H 

6K 

12 

A 

35-5-16 

Machine  screw  bolts. 

Note:  The  data  in  the  table  apply  to  wheels  with  wood  or  steel  felloes,  that  is  to  all 

wheels  having  wood  hubs. 

Tenon  Holes  for  Pneumatic-Tire   Felloes 
(Proposed  S.A.E.  Recommended  Practice) 

As  a  result  of  the  increasing  use  of  wood  wheels  with 
steel  felloes,  the  Axle  and  Wheels  Division  recommends 
the  adoption  as  S.A.E.  Recommended  Practice  of  the 
following  table  of  tenon-hole  sizes  for  steel  felloes. 


TABLE    3 — TENON-HOLE   DIAMETERS 

FOR   PNEUMATIC 

TIRE  WOOD 

WHEELS  WITH    STEEL 

FELLOES 

Nominal  Tire 

Tenon-Hole 

Cross-Section 

Spoke  Sizfe, 

Diameter, 

Diameter,  In. 

In. 

In. 

3]2  or  4 

I1* 

% 

4 

1% 

% 

4y2 

1% 

% 

5 

1% 

% 

The  dimensions  proposed  are  used  extensively  at  the 
present  time,  the  recommendation  being  submitted  for 
the  purpose  of  recognizing  what  is  considered  by  the 
industry  to  be  standard.  Tenon-hole  diameters  have 
nut  been  recommended  for  wheels  carrying  larger  than 
5-in.  rims,  as  the  steel  felloe  is  not  used  on  the  larger 
Mzes. 

BALL  AND  ROLLER  BEARINGS  DIVISION  REPORT 
Division  Personnel 


F.  W.  Gurney,  Chairman 

T.      V.      Buckwalter,      Vice- 
Chairman 
J.  T.  R.  Bell 

G.  R.  Bott 

H.  E.  Brunner 

E.  R.  Carter,  Jr. 
D.  F.  Chambers 
L.  W.  Close 

L.  A.  Cummings 

G.  W.  Dunham 

F.  G.  Hughes 

G.  L.  Miller 

R.  G.  Schaffner 
W.  R.  Strickland 
R.  E.  Wells 
H.  Wickland 


Gurney  Ball  Bearing  Co. 

Timken  Roller  Bearing  Co. 
Rolhvay   Bearing  Co.,  Inc. 
Norma  Co.  of  America 
S.  K.  F.  Industries,  Inc. 
Fafnir  Bearing  Co. 
Bearings  Co.  of  America 
Bock  Bearing  Co. 
Standard   Steel   &   Bearings, 

Inc. 
Savage  Arms  Corporation 
New  Departure  Mfg.  Co. 
Gilliam  Mfg.  Co. 
Bower  Roller  Bearing  Co. 
Cadillac  Motor  Car  Co. 
Hyatt  Roller  Bearing  Co. 
U.  S.  Ball  Bearing  Mfg.  Co. 


Metric-Type  Thrust  Ball-Bearings 
(Proposed  Extension  of  S.A.E.  Standard) 

The  Ball  and  Roller  Bearings  Division  recommends 
that  the  present  S.A.E.  Standard  for  Metric-Type  Thrust 
Ball-Bearings,  pp.  C39,  C40,  C41,  C42  of  the  S.A.E. 
Handbook,  which  specifies  tolerances  only,  be  extended 
by  the  addition  of  the  definite  boundary  dimensions 
which  were  printed  on  pp.  531,  532,  533  and  534  of  the 
December,  1922,  issue  of  The  Journal. 

The  boundary  dimensions,  which  were  referred  back 
to  the  Ball  and  Roller  Bearings  Division  by  the  Stand- 
ards Committee  in  January,  1923,  are  resubmitted  for 
approval    to    recognize    the    existing    practice    of    four 
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TABLE   4 — LIGHT-SERIES    METRIC    ROLLER-BEARING   DIMENSIONS 
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0.0010 
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0.0010 

0.0012 
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American  manufacturers  that  are  producing  metric-type 
thrust  ball-bearings  at  the  present  time  according  to  the 
standards  proposed. 

Standards  covering  inch-type  thrust  ball-bearings 
were  formulated  by  the  Division  in  1917  and  were 
adopted  by  the  Society  the  same  year.  They  are  printed 
on  pp.  C34  to  C39  of  the  S.A.E.  Handbook. 

Metric-Type  Roller  Bearings 

(Proposed  Revision  of  S.A.E.  Standards) 

The  Ball  and  Roller  Bearings  Division  recommends 
that  the  present  S.A.E.  Standards  for  Metric-Type 
Roller  Bearings,  pp.  C43  and  C44  of  the  S.A.E.  Hand- 
book, be  revised  to  conform  to  the  dimensions  given  in 
Tables  4  and  5. 

As  revised,  the  inside  and  the  outside  diameters  cor- 
-respond  to  the  inside  and  the  outside  diameters  for  the 
same  sizes  of  annular  ball  bearings  for  the  light  and 
the  medium  series,  pp.  C26  and  C28  of  the  S.A.E.  Hand- 
book. The  widths  are  in  accord  with  the  widths  of  the 
wide-type   annular   ball-bearings,   p.    C31    of   the   S.A.E. 


Handbook.  The  serial  designations  have  been  revised, 
letters  "L"  and  "M",  standing  for  "Light"  and  "Medium", 
being  prefixed  to  numbers  indicating  one-fifth  of  the 
inside  diameters  in  millimeters.  The  tolerances  for  the 
inside  and  the  outside  diameters  and  the  widths  conform 
to  those  for  inch-type  roller  bearings  rather  than  fol- 
lowing those  of  the  ball-bearings  because  of  the  inherent 
difference  in  the  character  of  the  bearings  and  the 
methods  of  installation. 

In  recommending  these  revisions,  the  Division  feels 
that  there  is  sufficient  demand  for  standard  metric-type 
roller  bearings  that  are  interchangeable  with  wide  or 
double-row  type  ball-bearings  to  warrant  retaining  the 
present  standards,  especially  as  this  type  bearing  is 
manufactured  in  Europe  to  a  certain  extent.  The  Roller 
Bearing  Subdivision,  which  originated  the  above  recom- 
mendation, is  working  on  the  standardization  of  inch- 
type  roller  bearings.  Although  no  real  progress  has 
been  made  to  date,  it  is  recognized  the  standard  inch- 
type  roller  bearings  are  of  extreme  importance  to  the 
industry  owing  to  their  extensive  use.     The  metric-type 


TABLE    0 — MEDIUM-SERIES 

METRIC  ROLLER-BEARING 
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roller  bearing  standards  are  considered  necessary,  how- 
ever, for  those  manufacturers  using  this  type  of  bearing. 

Shaft  and  Housing  Fits  and  Tolerances  for  Ball 
Bearings 

(Proposed  Cancellation  of  General  Information) 

The  ball-bearing  manufacturers  have  agreed  that  it 
is  not  practicable  to  recommend  shaft  and  housing  fits 
and  tolerances  for  ball-bearings  because  each  application 
usually  depends  upon  particular  conditions  which  must 
he  met  individually.  The  Ball  and  Roller  Bearings  Di- 
vision therefore  recommends  that  the  present  general 
information  published  on  p.  C33d  of  the  S.A.E.  HAND- 
BOOK be  cancelled. 

ELECTRICAL  EQUIPMENT  DIVISION  REPORT 

Division  Persoiinel 


F.  W.  Andrew,  Chairman 

T.  L.  Lee,  Vice-Chairman 

C.  R.  Ailing 
Azel  Ames 

W.  A.  Chryst 

S.  F.  Evelyn 

C.  F.  Gilchrist 

W.  S.  Haggott 
F.  C.  Kroeger 
B.  M.  Leece 
A.  D.  T.  Libby 
W.  P.  Loudon 

Charles  Marcus 
Ernest  Wooler 


Eisemann  Magneto  Corpora- 
tion 

North  East  Electric  Co. 

Underwriters'     Laboratories 

Kerite  Insulated  Wire  & 
Cable  Co. 

Dayton  Engineering  Labora- 
tories Co. 

Continental  Motors  Corpora- 
tion 

Electric  Auto-Lite  Corpora- 
tion 

Packard  Blectric  Co. 

Remy  Electric  Co. 

Leeee-Neville  Co. 

Splitdorf  Electrical  Co. 

Westinghouse  Electric  & 
Mfg.  Co. 

Bijur  Motor  Appliance  Co. 

Cleveland  Automobile  Co. 


Magnet  Wire 
(Proposed  S.A.E.  Standard) 

The  Electrical  Equipment  Division  recommends  the 
adoption  of  the  accompanying  magnet  wire  specifications 
as  S.A.E.  Standard.  These  specifications  were  formu- 
lated by  a  Subdivision,  the  personnel  of  which  is  as 
follows: 


Chas.  Marcus,  Chairman, 
J.  A.  Harvey 

C.  F.  Hood 
H.J.Horn 
L.  S.  Horner 

D.  J.  Jackson 
W.  A.  D.  Peaslee 
F.  M.  Potter 

R.  G.  Thompson 


Bijur  Motor  Appliance  Co. 
Harvey  Mfg.  Co. 
American  Steel  &  Wire  Co. 
John  A.  Roebling's  Sons  Co. 
Acme  Wire  Co. 
Dudlo  Mfg.  Co. 
Belden  Mfg.  Co. 
Rome  Wire  Co. 
North-East  Electric  Co. 


As  submitted,  the  specifications  proposed  are  practi- 
cally in  accord  with  the  specifications  that  will  be  pro- 
posed by  the  Subcommittee  on  Magnet  Wire  appointed 
by  the  Sectional  Committee  on  Insulated  Wires  and 
Cables. 

[A  Division  meeting  will  be  held  on  Tuesday,  June 
19,  the  day  of  the  Standards  Committee  meeting,  at 
which  it  is  anticipated  that  a  supplementary  report  will 
be  approved  for  submission  to  the  Standards  Committee 
which  will  cover  desirable  dimensions  for  enameled 
wire.] 

PROPOSED    SPECIFICATIONS    FOR    MAGNET    WIRE 

I.  BARE  COPPER 
All  bare   copper  wire   used   shall   meet  the   require- 
ments   of    the    latest    specifications    of    the    American 
Society   for    Testing    Materials   for    soft    or    annealed 
copper  wire   (Serial  Designation  B3-15). 


II.  ENAMEL 

(1)  Uniformity. — The  wire  shall  be  coated   with   a 
continuous  insulating  film  of  enamel  of  uniform  thick- 
ness according  to  the  dimensions  shown  in  Table  6. 
[Tables   of   dimensions   for  enamel-covered  wire   will 

be  submitted  by  the  Electrical   Equipment  Division  at 
the  Standards  Committee  meeting  on  June  19,  1923.] 

(2)  Quality. — The  enamel  coating  shall  be  tough  and 
elastic,  and  possess  a  hard  and  smooth  surface.  It 
shall  be  non-hygroscopic,  insoluble  in  mineral  oils,  and 
such  as  to  pass  all  tests  hereinafter  mentioned.  All 
tests  shall  be  made  on  wire  taken  directly  from  the 
spool. 

(3)  Elongation  Test. — Enamel  wire  having  a  bare 
wire  diameter  of  0.0179  in.  (No.  25  A.w.g.)  and  smaller, 
shall  withstand  elongation  to  the  breaking-point  with- 
out the  enamel  rupturing  or  flaking  so  that  it  is  per- 
ceptible to  the  naked  eye. 

(4)  Mandrel  Tests  for  Flexibility.— At  60  to  80  deg. 
fahr.  (15  to  27  deg.  cent.)  when  enamel  wire  is 
wrapped  as  per  Table  7,  the  enamel  shall  not  rupture 
or  flake  so  as  to  be  perceptible  to  the  naked  eye. 

(5)  Temperature  Tests. —  The  flexibility  of  the 
enamel  shall  not  be  impaired  by  baking  at  212  deg. 
fahr.  (100  deg.  cent.)  for  48  hr.,  nor  lose  its  original 
gloss  or  luster,  and  the  enamel  shall  not  soften.  After 
being  allowed  to  cool,  the  enamel  wire  shall  be  capable 
of  being  wound  around  a  mandrel  as  shown  in  Table  7, 
without  the  enamel  rupturing  or  flaking  so  that  it  is 
perceptible  to  the  naked  eye. 

TABLE  7 — .MANDREL  SIZES  FOR  MECHANICAL  TEST  OF 
ENAMEL 

Wire  Size,  Mandrel  Diameter 

A.w.g.  Number  of  Times 
8-11  5% 

12-14  4 

15-20  3 

21-24  2 

(6)  Electrical  Tests. — Dielectric  tests  may  be  con- 
ducted by  either  the  mandrel  test  method  or  the  twist 
test  method,  as  outlined  in  the  following  paragraphs: 

Mandrel  Test. — Two  layers  of  enameled  wire 
shall  be  wound  one  on  top  of  the  other  over  a 
smooth  mandrel  of  insulating  material  such  as 
bakelite,  hard  rubber,  fiber  or  similar  material, 
1  in.  in  diameter.  The  length  of  the  winding 
along  the  mandrel  shall  be  1  in.  and  the  tension 
applied  shall  not  stretch  or  elongate  the  enamel 
wire.  When  alternating-current  voltage  at  25  to 
100  cycles  per  second  is  applied  between  the  lay- 
ers the  enamel  shall  not  be  punctured  at  less 
than  the  voltage  given  in  Table  8.  The  test  shall 
be  made  by  applying  a  low  voltage  and  raising 
the  voltage  gradually  until  puncture  occurs.  If, 
upon  testing  a  sample  from  any  spool  or  reel  of 
wire,  it   should  fail  to  meet  this  test,  tests  upon 


table  8— 

Wire  Size, 

A.w.g. 

40  to  30  incl. 

29  to  25  incl. 

24  and  larger 


VOLTAGE   FOR  DIELECTRIC  TESTS 


Voltage,  A.C. 
300 
600 
900 


The    above    voltages    are    effective    values    as    read    on    the 
voltmeter  at   breakdown. 


two  additional  samples  shall  be  made.  If  two 
of  the  three  fail,  the  wire  shall  be  rejected,  but 
if  two  of  the  three  withstand  the  test,  it  shall  be 
accepted. 

The  transformer  used  in  making  this  test  shall 
be   used    under   the   conditions   set    forth    in   the 
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standardization  rules  of  the  American  Institute 
of  Electrical  Engineers  as  to  size  and  method  of 
control  to   prevent   wave  distortion. 


TABLE  9 — TWISTS  FOR  DIELECTRIC   TEST 

Wire  Size, 

A.w.g.  Twists  per  Inch 

■lo-.-n  10 

30-25  s 

24-20  6 

19-16  3 

15  and  larger  2 


Twist  Test.— Two  strands  of  enameled  wire 
shall  be  twisted  together  for  a  length  of  4  in.,  the 
number  of  twists  per  inch  corresponding  to 
Table  9.  The  tension  applied  in  twisting  shall 
not  be  such  as  to  stretch  the  wire,  and  the  twist 
shall  be  uniform. 

An  alternating  current  of  120  volts  shall  be 
applied  and  gradually  increased  to  the  maximum 
voltages  shown  in  Table  8  below  which  the  enamel 
should  not  be  punctured. 

(7)  Effects  of  Oils  and  Waxes. — The  enamel  coating- 
shall  withstand  the  action  of  transformer  oil,  neutral 
mineral-oil,  lard  oil  and  neutral  waxes  of  a  maximum 
temperature  of  250  deg.  fahr.  (121  deg.  cent.)  for  48 
hr.  without  injury  to  the  enamel. 

(8)  Effects  of  Impregnation  in  Varnishes.  —  The 
enamel  insulation  of  wire  wound  in  coils  shall  not  be 
injuriously  affected  by  impregnation  in  insulation  var- 
nishes with  benzine  or  petroleum  naphtha  vehicle  or 
thinner,  if  properly  used. 

III.  SINGLE  COTTON 

IV.  DOUBLE  COTTON 

V.  SINGLE  COTTON  ENAMEL 
VI.  DOUBLE  COTTON  ENAMEL 

(1)  Quality.  —  The  covering  shall  consist  of  un- 
bleached cotton  yarn  of  a  suitable  quality  obtainable 
for  purposes  of  insulation. 

The  wrapping  of  yarn  shall  be  continuous  and  firmly 
applied.  Double  cotton  covering  shall  be  wrapped  in 
opposite  directions. 

(2)  Amount  of  Covering. — Amount  of  covering  shall 
be  in  accordance  with  Tables  10  and  11. 


TABLE    10 — MAXIMUM    PERMISSIBLE    ADDITIONS    FOR 
SINGLE  COTTON-COVERED  WIRE 


Bare  Wire 
Diameter,  In., 
Inclusive 


0.4(500  to  0.1285 

0.1144 

0.1019 

0.0907  to  0.0284 

0.0253  to  0.0056 

0.0050  to  0.0031 

The   minimum    permissible    addition   to    the    diameter 
wire   is  85  per  cent  of  the  specified  maximum. 

TABLE    11 — MAXIMUM    PERMISSIBLE    ADDITIONS    FOR 
DOUBLE  COTTON-COVERED  WIRE 


Maximum 

Addition, 

In. 

0.0080 

0.0070 

0.0060 

0.0050 

0.0045 

0.0040 


Bare  Wire 
Diameter,  In., 

Inclusive 


Maximum 
Addition, 
In. 
0.0160 
0.0140 
0.0120 
0.0110 
0.0095 
0.0085 
0.0080 

The   minimum    permissible   addition   to    the    diameter 
of  bare  wire  is  85  per  cent  of  the  specified  maximum. 


0.4600  to  0.1819 

0.1620  to  0.1285 

0.1144 

0.1019 

0.0907 

0.0253 

0.0050 


to  0.0284 
to  0.0056 
to  0.0031 


(3)    Mechanical  Test  for  Density.— When  the  wire  is 
bent  around  a  radius  equal  to  five  times  the  diameter 


of  the  wire,  the  cotton  wrapping  shall  to  the  naked 
eye  not  open  sufficiently  to  expose  the  bare  wire  be- 
neath. 

(4)  Insulation  Tests.— Due  to  the  hygroscopic  qual- 
ity of  the  covering  herein  discussed  it  has  not  been 
found  feasible  to  make  a  recommendation  covering  this 
test. 

VII.  SINGLE  SILK 
VIII.  DOUBLE  SILK 

IX.  SINGLE   SILK  ENAMEL 

X.  DOUBLE  SILK  ENAMEL 

(1)  Quality. — Covering  shall  consist  of  insulating 
silk  yarn  of  a  quality  suitable  for  purposes  of  insula- 
tion. 

The  wrapping  of  silk  yarn  shall  be  continuous  and 
firmly  applied.  Double  silk  covering  shall  be  wrapped 
in  opposite  directions. 

(2)  Amount  of  Covering.— Amount  of  covering  shall 
be  in  accordance  with  Table  12. 


TABLE    12 — MAXIMUM    PERMISSIBLE    ADDITIONS    FOR 
SINGLE   AND  DOUBLE  SILK-COVERED  WIRE 


Bare  Wire 

Diameter,  In., 

Inclusive 

0.0570  to  0.0031 


Maximum  Addition,  In. 

Single  Double 

Covered  Covered 

0.0020  0.0040 


The    minimum   permissible   addition   to   the   diameter 
of  bare  wire  is  75  per  cent  of  the  specified  maximum. 


(3)  Mechanical  Test  for  Density.— When  the  wire  is 
bent  around  a  radius  equal  to  five  times  the  diameter 
of  the  wire,  the  silk  wrapping  shall  be  to  the  naked 
eye  not  open  sufficiently  to  expose  the  bare  wire  be- 
neath. 

(4)  Insulation  Tests.— Due  to  hygroscopic  quality  of 
the  covering  herein  discussed  it  has  not  been  found 
feasible  to  make  a  recommendation  covering  insulation 
tests. 

XL  PACKING  FOR  ALL  WIRES 
(1)    Spool  or  Reel   Dimensions. — All  wire   is   to   be 
packed  on  standard  spools  as  per  Table  13. 


TABLE  13 — SPOOL  DIMENSIONS 

Maximum  Minimum 

Maximum  Length  Diameter 

Diameter  of  Spool  of 

Wire  Size,        of  Head,  Overall,  Arbor, 

A.w.g.                I„.  In,  In 

8-20                  24  12  iu 

10-20                  18  12  lit 

12-20                  12  8%  1% 

14-20                    9  8?  lit 

20-26                    6  4%  % 

25-33                    4%  4  % 

25-37                    4  4  % 

34-40                    3  4  % 

38-44                    2V2  4  & 


(2)  Continuity  of  Winding.— The  wire  shall  be  in  one 
continuous  length  in  each  package.  Such  joints  as 
may  be  necessary  to  bring  the  wire  up  to  the  minimum 
weight  called  for  in  Table  13  shall  be  made  by  brazing 
in  a  good  workmanlike  manner  so  that  the  diameter 
of  the  wire  after  brazing  is  substantially  the  same 
as  in  the  other  portion  of  the  wire,  and  the  joint  must 
be  so  smoothed-down  that  there  will  be  no  rough  places 
to  cut  the  insulation.  The  wire  at  a  joint  must  be 
substantially  identical  in  softness  and  dimensions  with 
the  rest  of  the  wire  and  have  at  least  95  per  cent  of  its 
strength. 

(3)  Density  of  Winding. — The  wire  shall  be  wound 
on  spools  under  such  a  tension  as  will  give  an  even  and 
compact  winding.  A  soft  body  of  wire  on  the  spool 
will  not  be  satisfactory.  On  0.0201  in.  (No.  24  A.w.g.) 
and  finer  the  inner  end  of  the  wire  on  a  spool  must  be 
brought  out  so  that  it  will  be  available. 
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Rubber  Bushings 

(Proposed  S.A.E.  Standard) 

The  Electrical  Equipment  Division  recommends  the 
[.option  of  the  accompanying  dimensions  for  soft  rub- 
er bushings  or  grommets  for  use  in  installing  auto- 
lotive  electric  wiring,  tubing  and  speedometer  drives, 
here  they  pass  through  sheet  metal,  to  prevent  chafing. 
he  proposed  standard  was  formulated  by  the  Sub- 
ivision  on  Automobile  Wiring,  the  personnel  of  which 
:  given  below. 


W.  S.  Haggott,  Chairman 
H.  B.  Burley 

M.  L.  Hillmer 
B.  M.  Leece 

B.  M.  Smarr 

C.  H.  Williams 

Ernest  Wooler 


Packard  Electric  Co. 
Boston    Insulated    Wire    & 

Cable  Co. 
Remy  Electric  Co. 
Leece-Neville  Co. 
General  Motors  Corporation 
Studebaker   Corporation   of 

America 
Cleveland  Automobile  Co. 


In  addition  to  the  subjects  of  Automobile  Wiring  and 
:ubber  Bushings,  the  Subdivision  was  also  assigned 
he  subjects  of  Cable  Terminals  and  Clips,  reports 
overing  these  being  given  hereinafter.     The  work   on 
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32 
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64 
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16 
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16 
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32 
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3 
16 

7 
16 

31 
32 

1  16 

49 
64 

1 
16 
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16 
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49 
64 

3 
16 

7 
16 
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T'v 

1ft 

1 
16 

5 
16 

L  32 

1  -*- 
Me 

iJ2 

3 
16 

7 
16 

1 IX 

1  32 

1-*- 

1  16 

Material. — Rubber  sufficiently  soft  to  permit  the  bushing 
or  grommet  to  be  inserted  in  a  hole  of  the  size  recommended 
without  being  cut. 

Note. — The  recommended  size  for  the  hole  in  the  metal 
in  which  a  bushing  or  grommet  is  inserted  shall  be  1.  32-in. 
larger  than  dimension  D. 


automobile  wiring,  which  covers  the  standardization  of 
a  color  code  for  the  cable  braid  of  the  principal  circuits, 
is  still  in  progress. 


STRAIGHT  TYPE 
Hole  Optional 2~-.y 


-yn — 7 


'v.     '     I  (—71 


\rxF 


Hole      V 


-F---> 


_i    A 


X 


D   C    & 

4_ 


;*" 


Recommended 

Terminal  Dimensions 

Size  of 
Cable 

Size  of 
Screw 

Diameter 
of  Hole 

B 

C 

D 

E 

F 

G 

H 

7 

L 
ft 

Thick- 
ness 

Nos.  16,  14,  12 

No   8  or  10 

0.201 

{.. 

% 

H 

3s 

0.030 

■       !-'.    HI 

No.  8  or  10 

0.201 

H 

H 

ft 

re 

3- 

1; 

H 

K 

3.> 

ft 

ft 

ft 
ft 

0.030 

Nos.  12,  10 

a 

ft 

0.040 

Nos.  12.  10 

lT 

H 

H 

H 

... 
ri 

H 

0.040 

Nos.  12.  10 

3S 

H 

0.040 

Alternate  Construction. — The  wings  which  clamp  the  cable 
may  be  cut  diagonally  as  indicated  by  dotted  lines. 

Material. — Soft  sheet  copper,  S.  A.  E.  Specification  No.  71, 
or  Soft  Sheet  Brass.  S.  A.  E.  Specification  No.   70. 

Note. — Terminals  must  be  free  from  burrs,  corrosion  or 
any  foreign  matter.  The  temper  of  terminals  must  be 
sufficiently  soft  to  permit  of  the  terminals  being  assembled 
with  wings  closed  and  not  show  any  fracture  or  cracks 
which  will  impair  the  strength  of  the  assembly. 


Cable  Terminals 
(Proposed  Revision  of  S.  A.  E.  Standard) 

The  Electrical  Equipment  Division  submits  four  types 
of  cable  terminal  for  adoption  in  place  of  the  present 
cable  terminal  standards,  pp.  B21  and  B22  of  the  S.A.E. 


SIDE  TYPE 
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-J. 
5  D 
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Rad.Y'' 
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-Rad.X 


Recommended 

Terminal  Dimensions 

Size  of 
Cable 

Size  of 
Screw 

Diameter 
of  Hole 

B 

;- 

'A 
ft 

... 
S 

i 

y, 

'4 

'4 

- 

D 

'4 

a 

u 

E 

a 

i ... 

r 
ft 

ft 

... 

G 

'4 
'4 
!4 

a 

•- 

H 
H 
H 

;; 

h 

7s 

j 
h 

H 
I 
H 

H 

K 
', 

'4 
h 
ft 

■ 

I' 

A 

,:, 
A 
.;, 

X 

1 1 
ft 
ft 

„. 
ft 

Thick- 
ness 

Nos.  16.  U.  12 

No.  8  or  10 

0  201 

0  040 

5.12,  10 

No.  8  or  10 

0  201 

0.040  . 

Nos.  12.  10 

'4 

ft 

0.040 

Nos.  12,  10 

ft 

a 

0.040 

Nos.  12. 10 

3s 

H 

0  040 

Material. — Soft  Sheet  Copper,  S.  A.  E.  Specification  No.  71. 
or  Soft  Sheet  Brass.  S.  A.  E.  Specification  No.  70. 

Xote. — Terminals  must  be  free  from  burrs,  corrosion  or 
any  foreign  matter.  The  temper  of  terminals  must  be  suffi- 
ciently  soft  to  permit  of  the  terminals  being  assembled  with 
wings  closed  and  not  show  any  fracture  or  cracks  which 
will  impair  the  strength  of  the  assembly. 
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j2  (Approx.)  ^ 


D      --"H 

Developed  Lencrrh 


Size 

\\  ire  Size, 
\  w.g. 

.1 

B 

c 

D 

4 

4 

A 

A 

1  i 
i  6 

m 

4 

4 

■ 

i  l 

1  1 
1C 

iff 

1 

2 

I 

I   1 

34 

2 

1 

1 

H 

H 

34 

2 

0 

0 

M 

1 1 

u 

1  6 

0  8 

-  32 

0 

00 

'■ 

i  3 

10 

-  h 

Mui,  rial. — Soft  Sheet  Copper,  S.  A.  E.  Specification  No.   71. 


®&t   F 


k-—F—>\ 


-JL       - 


Q'B 


k- 


P--J 


Size 
.4 

Wire  Size, 
A.w.g. 

B 

C 

D 

E 

F 

^8 

4 

0.2S5 

9 

1   4i 

1  32 

\  7 
32 

i  i 

1   16 

3S 

4 

0.285 

1 1 

3  2 

Itt 

17 
32 

1     1 
1  16 

A 

2 

0.33(5 

11 

Hi 

N 

1     5 

1  32 

A 

2 

0  336 

Hi 

58 

1    5 
1  32 

y2 

1 

0.398 

1 1 

32 

IX 

X 

1   J  , 

y* 

1 

0.398 

H 

IX 

X 

1    '  ! 
1  32 

9 
16 

0 

ii   n,l 

1  3 
3  2 

2 

]  3 
16 

1     «> 
1  16 

N 

00 

0.511 

;_3 

2Vs 

2? 
32 

IN 

.l/<ifr -riul.— Soft   Sheet  Copper.  S.  A.  E.  Specification  No.  71. 

Handbook.  For  generators,  switches  and  meters,  the 
straight  and  side  types  of  terminals  are  proposed  as 
given  in  the  accompanying  Tables. 

For  starting-motor  cable  terminals,  two  types  are 
proposed :  the  rolled  type,  which  represents  an  extension 
of  the  existing  standard,  and  the  straight  type.  The 
dimensions  proposed  are  given  in  the  accompanying 
Tables. 

The  report  was  prepared  by  the  Subdivision  on  Auto- 
mobile Wiring  when  it  was  found  that  the  existing  cable 
terminal  standards  were  not  used  as  extensively  as  it 
was  hoped  they  would  be  when  the  standards  were 
originally  approved.  It  is  felt  that  the  revised  standards 
will  be  used  by  practically  all  manufacturers  as  they 
follow  closely  the  standards  already  established  by 
the  terminal  manufacturers  for  the  greater  part  of  their 
production. 


Clips 
(Proposal  S.A.E.  Standard) 

The  Electrical  Equipment  Division  recommends  the 
adoption  as  S.A.E.  Standard  of  the  accompanying  table 
of  clip  dimensions.     The  diameters  selected  permit  the 
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-Sheet   or  Strip  Steel.   S.   A.   E.   Steel    No.    1010, 


use  of  the  proposed  clips  for  cable,  conduit  and  flexible 
tubing.     They  may  also  be  used  for  gasoline  tubing. 

Starting-Motor  Mountings 

(Proposed  Extension  of  S.A.E.  Recommended  Practice) 
The  present  S.A.E.  Recommended  Practice  for  the 
barrel  type  of  starting-motor  mounting,  p.  B16b  of  the 
S.A.E.  Handbook,  specifies  limits  of  3.496  to  3.499  in. 
for  the  diameter  of  the  barrel.  The  diameter  of  the 
bore  in  the  flywheel  housing  in  which  the  barrel  is 
mounted  is  not  specified. 

After  obtaining  the  recommendations  of  the  Engine 
Division  members  as  to  what  the  limits  for  the  bore 
should  be,  the  Electrical  Equipment  Division  recom- 
mends that  the  present  standard  be  revised  by  the  addi- 
tion of  the  following  note. 

The  limits  of  the  bore  in  the  flywheel  housing  in 
which  the  barrel  type  of  starting  motor  is  mounted, 
shall  be  3.500  to  3.503  in. 

These  limits  permit  a  fit  of  from  0.001  to  0.007  in., 
which  is  considered  satisfactory  as  in  production  the 
diameter  of  the  starting-motor  barrel  runs  to  the  high 
limit. 

ELECTRIC  VEHICLE  DIVISION  REPORT 
Division  Personnel 
E.  L.  Clark,  Chairman  Commercial  Truck  Co. 

Karl   Probst,   Vice-Chairman       Milburn  Wagon  Co. 


G.  L.  Bixby 
A.  K.  Brumbaugh 
J.  G.  Carroll 
H.  M.  Pierce 
F.  E.  Queeney 
C.  R.  Skinner,  Jr. 


Detroit  Electric  Car  Co. 
Autocar  Co. 
Walker  Vehicle  Co. 
Ward  Motor  Vehicle  Co. 
Lansden  Co.,  Inc. 
New  York  Edison  Co. 


Battery  Trays  for  Electric  Trucks 

(Proposed  S.A.E.  Recommended  Practice) 

About  a  year  and  a  half  ago  the  need  for  standardizing 

the  sizes  and  the  arrangement  of  storage-battery  trays 

for  electric  trucks  was  brought  to  the  division's  atten- 
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Fig.  1 


Nominal 

Truck 
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Tons 

Range  of 

Jar  Widths, 

In. 
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Max. 
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Max. 
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Fig. 
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Maximum  height  of  all  lead-acid    tray  assemblies  shall  be 
16    in. 
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tion.  As  electric  trucks  are  usually  operated  in  fleets, 
it  is  important  that  adequate  provision  be  made  for 
removing  the  batteries  for  recharging  and  replacing 
them  with  fully  charged  batteries.  Operators  of  fleets 
of  more  than  one  make  of  truck  have  been  particularly 
troubled  in  this  connection  and  have  evidenced  a  strong 
desire  for  a  remedy.  A  Subdivision  comprising  E.  L. 
Clark  and  Bruce  Ford  was  appointed  to  study  the  situ- 
ation and  prepare  a  recommendation  in  1922.  Data  were 
gathered  and  several  meetings  held  at  which  tentative 
reports  were  thoroughly  considered. 
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The  Division  now  presents  the  following  report  for 
adoption  as  S.A.E.  Recommended  Practice  in  the  belief 
that  the  dimensions  recommended,  if  adhered  to  by  the 
battery  and  electric-truck  manufacturers  in  the  future, 
will  eliminate  the  trouble  that  has  been  experienced  in 
charging  the  batteries  and  will  materially  reduce  the 
number  of  battery  sizes  the  battery  manufacturers  will 
have  to  make.  The  various  types  of  cradle  now  used 
have  been  carefully  considered  and  it  is  believed  that 
the  recommendation  can  be  followed  by  all  manufac- 
turers with  no  serious  changes  in  cradle  design. 
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TABLE 

o — NICKEL-IRON    STORAGE-BATTERY   TRAYS 

Nominal 
Truck 

i  lapacity, 
Tons 

Type  of 

Battery 

A1 

B 

Battery 
Height3 

Kg. 
No. 

M 

A-  5 

JO' 2 

12  J| 

lo's 

3 

l 

A-  6 

23  h 

12i4 

15^ 

3 

A-  7 

-V>'s 

12  M 

lo's 

3 

■> 

A-  8 

24^ 

r_"4 

l.Vo 

4 

\-iu 

26H 

15 \ 2 

15' 2 

4 

5                  A-12 

\ 

-<■'■■ 

is 

16M 

4 

'Including    ',-in.    bumpers    at    both    ends.     In   adding   ter- 
minal plat<    subtract     ',    in.  from  terminal  plate  height. 
'Maximum   height  of  batteries  in  trays,  with   caps  closed 


Charging-Plugs  and  Receptacles 

(Proposed  Revision  of  S.  A.  E.  Standard) 

As  it  has  been  ascertained  that  the  S.A.E.  Standard 
150-amp.  eharging-plug  and  receptacle  is  used  only  on 
electric  street-trucks,  the  50-amp.  charging-plug  and 
receptacle  being  used  on  passenger  vehicles  and  indus- 
trial trucks,  the  Electric  Vehicle  Division  recommends 
that  this  distinction  be  specified  in  the  present  S.A.E. 
Standard  for  Charging-Plugs  and  Receptacles,  p.  B38 
of  the  S.A.E.  Handbook. 

Electric  Vehicle  Motors 
{Proposed  Revision  of  S.A.E.  Recommended  Practice) 

The  Electric  Vehicle  Division  recommends  that  the 
present  S.A.E.  Recommended  Practice  for  Electric  Ve- 
hicle Motors,  p.  B41  of  the  S.A.E.  Handbook,  be  re- 
vised so  that  the  recommendations  for  motor  ratings 
shall  read 

The  rating  of  electric  automobile  propulsion  motors 
shall  be  based  on  a  temperature-rise  not  to  exceed  65 
deg.  cent.  (117  deg.  fahr.)  by  thermometer,  or  75  deg. 
cent.  (135  deg.  fahr.)  by  resistance  after  4  hr.  of  con- 
tinuous operation  at  normal  rated  load. 

The  tests  shall  be  made  on  a  stand  with  the  motor- 
covers  arranged  as  in  service. 

The  revised  rating  omits  specifying  at  what  room- 
temperature  the  test  shall  be  made  because  it  is  im- 
practicable to  conduct  tests  with  a  constant  room-tem- 
perature. 

ENGINE  DIVISION  REPORT 
Division  Personnel 


J.  B.  Fisher,  Chairman 

R.  J.  Broege,  Vice-Chairman 

P.  J.  Dasey 

S.  F.  Evelyn 

P.  E.  Holt 
A.  F.  Milbrath 
Louis  Schwitzer 
M.  J.  Steele 
Joseph  VanBlerck 

W.  C.  Ware 


Waukesha  Motor  Co. 

Buda  Co. 

Midwest  Engine  Co. 

Continental  Motors  Corpora- 
tion 

Holt  Mfg.  Co. 

Wisconsin  Motor  Mfg.  Co. 

Automotive  Parts  Co. 

Packard  Motor  Car  Co. 

Joseph  VanBlerck  Engine 
Corporation 

Fay  &  Bowen  Engine  Co. 

Carbureter  Flanges 
(Proposed  Extension  of  S.A.E.  Recommended  Practici  l 

The  Engine  Division  recommends  that  the  present 
S.A.E.  Recommended  Practice  for  Carbureter  Flanges, 
p.  A8  of  the  S.A.E.  Handbook,  be  extended  to  include  the 


accompanying  three-bolt  type  carbureter  flange  for  mo- 
torcycle engines.  The  dimensions  proposed  are  used  ex- 
tensively at  the  present  time,  having  been  developed  to 
meet  the  special  requirements  necessitated  by  the  lack  of 
space  and  the  excessive  vibration  in  motorcycles. 

The  Division  also  recommends,  in  view  of  the  fact  that 
since  the  original  specification  for  carbureter  flanges  was 
adopted  by  the  Society  in  1912  and  has  come  into  almost 
universal  use,  that  the  status  be  changed  from  S.A.E. 
Recommended  Practice  to  S.A.E.  Standard. 


Nominal 

Carbureter 

Size             A 

B 
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D 

T 

F 

G 

H 

%         n 

1 

1% 

% 

hi 

1/i-24 
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1          1% 

' 

1% 

% 

h 

%-24 

% 

Vi 

1]4                     1% 

lira 

2A 
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ft 

A-18 

% 

M 

'  s    A    E.  Form 

Of   Til 

read. 

Engine  Testing  Forms 
(Proposed  Revision  of  S.  A.  E.  Standard) 

At  the  meeting  of  the  Standards  Committee  in  Jan- 
uary, 1922,  the  recommendation  of  the  Engine  Division 
as  to  various  revisions  of  the  present  S.A.E.  Standard 
Engine  Testing  Forms  was  referred  back  for  further 
consideration,  particularly  in  reference  to  the  tempera- 
ture specified  for  recording  the  cold  test  and  the  Saybolt 
viscosity. 

The  original  report  specified  temperatures  of  150  and 
350  deg.  fahr.  Action  on  this  subject  was  deferred  by 
the  Engine  Division  until  the  report  of  the  Lubricants 
Division  on  crankcase  lubricating  oils  was  approved 
by  the  Society.  As  the  report,  which  is  now  printed 
on  p.  D151  of  the  S.A.E.  Handbook,  specifies  tempera- 
tures of  100  and  210  deg.  fahr.,  the  Engine  Division 
recommends  that  the  original  recommendation  of  the 
Division  be  resubmitted  for  approval  with  the  excep- 
tion that  the  temperatures  specified  for  recording  the 
cold  test  and  the  Saybolt  viscosity  shall  be  100  and  210 
deg.  fahr.  The  definite  revisions  proposed  by  the  Engine 
Division  follow: 

specification  sheet  b 

Under  Item  No.  6,  Cooling  System,  provide  for 
recording  the  fan  diameter,  projected  width  of  fan- 
blades  and  the  ratio  of  fan  speed  to  engine  speed. 

Under  Item  No.  32,   Lubricating  System,  Type  and 
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Description,  provide  for  recording  the  cold  test  and  the 
Saybolt  viscosity  at  100  and  210  deg.  fahr. 

Add  a  section  entitled,  Accessories,  containing  Item 
33,  Accessories  Attached  during  Test,  under  which  are 
to  be  listed  the  accessories  attached  to  the  engine  during 
the  test  and  conditions  under  which  they  operated. 

LOG   SHEET  C 
Add  a  note  to  the  effect  that  it  is  recommended  that 
results  be  corrected  to  a  temperature  of  60  deg.  fahr. 
and  29.92  in.  of  mercury  barometric  pressure  by  using 
the  formula. 

B.  Hp.c  =  B.  Hp.„  X  (Ps/Po)  X  V  (To/T,) 
B.  Hp.c  =  corrected  brake-horsepower 
B.  Hp.n  —  observed  brake-horsepower 

P„  =  observed   barometric    pressure    in    inches    of 

mercury 
Ps  =  standard   barometric   pressure   in    inches    of 

mercury 
To  =  observed    absolute    temperature    in    degrees 

fahrenheit 
Ta  =  standard    absolute    temperature    in    degrees 
fahrenheit 

CURVE  SHEET  D 

Change  the  ordinates  for  the  fuel  consumption  from 
"0.5  to  2.5"  to  "0.5  to  1.5"  lb.  per  b.hp-hr.  so  that  4 
ordinate  lines  will  represent  0.1  lb.  per  b.hp-hr. 

Insert  the  intermediate  values  for  the  brake-horse- 
power ordinates. 

FRAMES  DIVISION  REPORT 

Division  Personnel 


J.  B.  Johnson 
F.  C.  Langenberg 

F.  E.  McCleary 
C.  S.  Moody 

J.  H.  Nelson 

G.  L.  Norris 

W.  H.  Phillips 
S.  P.  Rockwell 
M.  P.  Rumney 
C.  F.  W.  Rys 
R.  B.  Schenck 
M.  H.  Schmid 

H.  J.  Stagg 
J.  M.  Watson 

H.  M.  Williams 

J.  H.  G.  Williams 


W.  A.  McKinley,  Chairman 
C.    C.    Bowman,    Vice-Chair- 
man 
B.  A.  DeWaters 
L.  J.  Fralick 
O.  B.  Harmon 
Ernest  Wooler 


Detroit  Pressed  Steel  Co. 

Standard  Motor  Truck  Co. 
Buick  Motor  Co. 
Hydraulic  Pressed  Steel  Co. 
Parish  &  Bingham  Co. 
Cleveland  Automobile  Co. 


Passenger-Car  Frames 
(Proposed  Cancellation  of  S.  A.  E.  Recommended  Practice) 
The  Frames  Division  recommends  that  the  present 
S.A.E.  Recommended  Practice  for  Passenger-Car 
Frames,  p.  H21  of  the  S.A.E.  Handbook,  be  cancelled. 
The  recommended  practice  was  adopted  in  1915,  at  which 
time  it  was  logical  and  satisfactory  for  existing  condi- 
tions, but  subsequent  development  has  rendered  it  obso- 
lete. It  is  felt  that  no  standards  should  be  set-up  at  this 
time  for  passenger-car  frames  as  their  design  depends 
largely  upon  individual  chassis  and  body  design. 

IRON  AND  STEEL  DIVISION  REPORT 

Division  Personnel 


F.  P.  Gilligan,  Chairman 

W.  C.  Peterson,  Vice-Chair- 
man 

R.  J.  Allen 
R.  M.  Bird 
H.  T.  Chandler 

A.  L.  Colby 

B.  F.  Courtright 
L.  A.  Danse 

C.  N.  Dawe 

B.  H.  DeLong 
E.  W.  Ehn 
A.  P.  Eves 
H.  L.  Greene 

G.  F.  Harper 

W.  H.  Higgins,  Jr. 
E.  J.  Janitzky 


Air  Service 

Watertown  Arsenal 

Dodge  Bros. 

Minneapolis  Steel  &  Machin- 
ery Co. 

Wyman-Gordon   Co. 

Vanadium  Corporation  of 
America 

R.  D.  Nuttall  Co. 

Metallurgical  Engineer 

Detroit  Steel  Products  Co. 

Carnegie  Steel  Co. 

Buick  Motor  Co. 

United  Alloy  Steel  Corpora- 
tion 

Halcomb  Steel  Co. 

Hupp  Motor  Car  Corpora- 
tion 

General  Motors  Research 
Corporation 

Billings  &  Spencer 


Henry    Souther   Engineering- 
Corporation 

Atlas  Steel  Corporation 
Rolls-Royce  of  America,  Inc. 
Bethlehem  Steel  Co. 
Metallurgist 
Consulting  Metallurgist 
Wisconsin  Steel  Co. 
Cadillac  Motor  Car  Co. 
Studebaker     Corporation     of 

America 
Carpenter  Steel  Co. 
Timken  Roller  Bearing  Co. 
International    Harvester   Co. 
Willys-Overland  Co. 
Allis-Chalmers  Mfg.  Co. 
Advance  Rumely  Co.,  Inc. 
Illinois  Steel  Co. 


Iron  and  Steel  Specifications 
part  x — effect  of  mass  upon  the  physical  properties 

OF  STEEL 
(Proposed  General  Information) 

The  charts  of  physical  properties  for  S.A.E.  Steels,  ap- 
pearing in  the  S.A.E.  Handbook,  apply  to  sections  up  to 
l1  2-in.  diameter  or  thickness.  As  the  size  or  the  mass  of 
the  steel  object  being  heat-treated  is  increased,  the  re- 
sponse of  the  steel  to  the  quenching  operation  is  less 
marked.  Owing  to  the  lack  of  comprehensive  detailed 
data  as  to  the  exact  influence  of  mass  upon  the  physical 
properties  of  S.A.E.  Steels,  the  Iron  and  Steel  Division 
has  collected  such  data  as  have  been  available,  and  a  large 
number  of  confirmatory  tests  have  been  made  by  repre- 
sentative steel  manufacturers  and  a  few  steel  consumers. 
The  data  thus  obtained  have  been  prepared  in  chart  form 
for  the  information  of  the  members  of  the  Society. 
Owing  to  the  large  amount  of  work  involved  in  making 
confirmatory  tests,  only  one  steel  of  each  type  has  been 
selected,  and  each  of  these  steels  subjected  to  the  follow- 
ing forms  of  heat-treatments: 

(1)  Water-quenched  and  tempered  at  1000  deg.  fahr. 

(2)  Oil-quenched  and  tempered  at  1000  deg.  fahr. 

(3)  Water-quenched  and  tempered  at  1200  deg.  fahr. 

(4)  Oil-quenched  and  tempered  at  1200  deg.  fahr. 

The  Iron  and  Steel  Division  desires  to  emphasize  that 
the  charts  submitted  herewith  are  for  purposes  of  in- 
formation only  and  should  not  be  considered  as  providing 
absolute  values. 

It  is  hoped  by  the  Division  that  users  of  large  sections 
will  collect  and  forward  to  the  Division  any  test  data  they 
may  have  on  any  S.A.E.  Steels  in  order  that  these  charts 
may  be  further  verified  and  extended. 

PART  IX — GENERAL   HEAT-TREATMENTS 

SPRING   STEEL   WIRE 

(Proposed  Extension  of  General  Information) 

The  Iron  and  Steel  Division  recommends  that  the  gen- 
eral information  in  reference  to  S.A.E.  Steels  1350  and 
1360,  p.  D29a  of  the  S.A.E.  Handbook,  be  extended  to 
include  the  following  sentence: 

For  conditions  where  carbon  steels  are  not  suitable, 
certain  alloy  steels  are  available. 

It  is  felt  desirable  that  this  sentence  be  included  as  a 
reminder,  to  users  of  the  specifications,  of  data  already 
covered  elsewhere  in  the  general  information  in  refer- 
ence to  the  applications  of  the  various  steels. 
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Chart  for  S.A.E.  Steel  1045 

Chemical  Composition   in-  Percentage 

Carbon  o  to  —0.511 

Manganese  11  50  — 0  80 

Phosphorus  0.0  15  mux. 

Sulphur  0  max. 

Quenched   at    1500   deg     fahr.    in   oil. 

Drawn  at   1000  deg    tahr. 
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Chart  for  S.A.E.  Steel  1043 
Chemical  Composition   in  Percentage 


1  .1  rbon 
Manganese 
I  'hosphoru 
Sulphur 

Quenched  at    1 ." leg.  fahr 

Drawn  at   1200  deg.  fahr. 
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0.045  max. 
0.05  max. 
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Chart  for  S.A.E.  Steel  1045 

Chemical  Composition  in  Percentage 

Carbon  0.40  — 0.50 

Manganese  0.50  — 0  SO 

Phosphorus  0.045   max. 

Sulphur  0.05     max. 

Quenched  at  1300  deg.  fahr.  in  water. 

Drawn  at  1000  deg.  fahr. 


Chart  for  S.A.E.  Steel  1045 

Chemical  Composition  in  Percentage 
Carbon 
Manganese 
Phosphorus 
Sulphur 

Quenched  at  1500  deg.   in  water 

Drawn  at  1200  deg.  fahr. 


0.40  — 0.50 
0.50  — 0.80 
0.045  max. 
0.05  max. 
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Chart  for  S.A.E.  Steel  2340 

Chemical  Composition  in  Percentage 
Carbon  0.35  — 0.45 

Manganese  "     "  —0.80 

Phosphorus  0-04      max. 

Sulphur  0.045   max. 

Nickel  3.25  —3.75 

Normalized  at    1625  to  1675  deg.  fahr. 

Quenched   at    1450  deg.  fahr.   in  oil. 

Drawn  at  1000  deg.  fahr. 
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Chart  for  S.A.E.  Steel  2340 
Chemical  Composition   in  Percentage 
Carbon  0.35  — 0.45 

Manganese  0.50  — 0.80 

Phosphorus  0.04     max. 

Sulphur  0.045   max. 

Nickel  3.25  — 3.75 

Normalized  at  1625  to  1675  deg.  fahr. 

Quenched  at  1450  deg.  fahr.  in  oil. 

Drawn  at  1200  deg.  fahr. 
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Chart  for  S.A.E.  Steel  2340 
Chemical  Composition  in  Percentage 


Chart  for  S.A.E.  Steel  2340 

Chemical  Composition   in   Percentage 


Carbon 
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Normalized  at 
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Quenched  at  1450  deg.  fahr. 
Drawn  at  1000  deg.  fahr. 
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Chart  for  S.A.E.  Steel  3140 
Chemical  Composition   in   Percentage 


Carbon                                                                  0.35 

— 0.45 

Manganese                                                            ''  'M 

— o.so 

Phosphorus                                                                   0.04 

max. 

Sulphur                                                                           0.045 

max. 

1.00 

—1.50 

Chromium                                                                 0  i 

—0.75 

Normalized  at  1600  to  1700  deg.  fahr. 

Quenched  at   1500  deg.    fahr.    in   oil. 

Drawn  at  1000  deg.  fahr. 

Chart  for  S.A.E.  Steel  3140 
Chemical  Composition  in  Percentage 
Carbon  0.35  — 0.4!) 

nese  0.50  — 0.S0 

Phosphorus  0.04     max. 

Sulphur  0.045  max. 

ckel  l.oo  — 1.50 

i   in  omium  0.45  — 0.75 

Normalized  at  1600  to  1700  deg,  fahr. 
Quenched   at    1500   deg.    fahr.    in  oil. 
Drawn  at  1200  cleg.  fahr. 
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Chart  for  S.A.E.  Steel  3140 

Normalized  at  1600  to  1700  deg.  fahr. 
Quenched  at  1500  deg.  fahr.  in  water. 
Drawn  at  1000  deg.  fahr. 


Chart  for  S.A.E.  Steel  3140 

Normalized  at  1600  to  1700  deg.  fahr. 
Quenched  at  1500  deg.  fahr.  in  water. 
Drawn  at  1200  deg.  fahr. 
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Chart  for  S.A.E.  Steel  3240 
Chemical  Composition   in  Percentage 
Carbon  0.35 — 0.45 

Manganese  0.30 — 0.60 

Phosphorus  0.04  max. 

Sulphur  0.04   max. 

Nickel  1.50—2  00 

Chromium  0.90  — 1.25 

Normalized  at  1625  to  1675  deg.  fahr. 

Quenched  at   1500  deg.    fahr.    in  oil. 

Drawn  at  1000  deg.  fahr. 


Chart  for  S.A.E.  Steel  3240 

Chemical  Composition  in  Percentage 
Carbon  0.35 — 0.45 
Manganese  0.30 — o  60 
Phosphorus  0.04  max. 
Sulphur  0.04  max. 
Nickel  1.50—2.00 
Chromium  o.90 1  25 

Normalized  at  1625  to  1675  deg.  fahr. 

Quenched  at    1j00   deg.    fahr.    in  oil. 

Drawn  at  1200  deg.  fahr. 
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Chart  for  S.A.E.  Steel  3240 

Normalized  at  1625  to  1675  deg.  fahr. 
Quenched  at  1500  deg.  fahr.  in  water. 
Drawn  at  1000  deg.  fahr. 


Chart  for  S.A.E.  Steel  3240 

Normalized  at  1625  to  1675  deg.  fahr. 
Quenched  at  1500  deg.  fahr.  in  water. 
Drawn  at  1200  deg.  fahr. 
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Chart  for  S.A.E.  Steel  3340 
Chemical  Composition   is   Percentage 
Carbon                                                                                0         _n  45 
Manganese                                                               0.30 — 0.60 
Phosphorus                                                              0.04 
Sulphur                                                                              0.04 
Nickel                                                                            ::  25—3.75 
Chromium  1  25 1  75 

Normalized  at   1  600  t"  1  700  deg    Eahi . 

Quenched   at    1  150  deg.   Eahr.   In  oil. 

Drawn  at  1000  deg.  fahr. 


Chart  for  S.A.E.  Steel  3340 

Chemical  Composition   in   Percentage 
Carbon  0.35- 

Mang.-i  o  30- 

Phosphorus  n  M | 

Sulphur  004 

N  ickel  3  25- 

Chromium  125- 

Normalized  al    1600  to  1700  deg.  fahr 
Qui  nched   al    I  150  deg.   fahr.   in  oil. 
Drawn  at  1200  deg.  fahr. 
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Chart  for  S.A.E.  Steel  3340 

Normalized  at  1600  to  1700  deg.  fahr. 
Quenched  at  1450  deg.  fahr.  in  water. 
Drawn  at  1000  deg.  fahr. 


Chart  for  S.A.E.  Steel  3340 

Normalized  at  1600  to  1700  deg.  fahr. 
Quenched  at  1450  deg.  fahr.  in  water. 
Drawn  at  1200  deg.  fahr. 
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Chart  for  S.A.E.  Steel  3435 

Chemical  Composition  in  Percentage 


I  Jarbi  in 

Manganese 

Nickel 

Chromium 

Normalized  at  1600  to  1700 
Quenched  at  1450  deg.  fahr 
Drawn  at  1000  deg.  fahr. 
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Division  Personnel 
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Chart  for  S.A.E.  Steel  3435 

Chemical  Composition  in  Percentage 

Carbon  0.30 — 0.40 

Manganese  0.30 — 0.60 

Nickel  2.75—3.25 

Chromium  0  50 — 0.90 

Normalized  at  1600  to  1700  deg.  fahr. 

Quenched  at  1450   deg.   fahr.   in  oil. 

1  irawn  ;it   1  200  deg.  fahr. 
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W.  A.  McKay,  Chairman 
C.  A.  Michel,  Vice-Chairman 
A.  K.  Brumbaugh 
J.  T.  Caldwell 
G.  P.  Doll 


C.  E.  Godley 

C.  A.  B.  Halvorson,  Jr. 
J.  H.  Hunt 

A.  R.  Lewellen 
H.  H.  Magsick 
W.  J.  Outcalt 
L.  C.  Porter 

E.  S.  Preston 
C.  D.  Ryder 
A.  J.  Scaife 
J.  C.  Stearns 

F.  W.  Todd 
T.  I.  Walker 

E.  E.  Wood,  Jr. 

Ernest  Wooler 


Westinghouse  Lamp  Co. 
Guide  Motor  Lamp  Mfg.  Co. 
Autocar  Co. 
National  Lamp  Works 
Thomas    J.    Corcoran     Lamp 
Co. 

Edmunds   &  Jones   Corpora- 
tion 

General  Electric  Co. 
General      Motors      Research 

Corporation 
Chevrolet  Motor  Co. 
National  Lamp  Works 
General   Motors   Corporation 
Edison  Lamp  AVorks 
Chicago  Electric  Mfg.  Co. 
Cincinnati-Victor  Co. 
White  Motor  Co. 
Culver-Stearns  Mfg.  Co. 
Accessories  Mfg.   Co. 
Providence  Base  Works 
Miniature  Incandescent 

Lamp  Corporation 
Cleveland  Automobile  Co. 


Bases,  Sockets  and  Connectors 

{Proposed  Revision  of  S.  A.  E.  Standard) 

As  a  result  of  recent  developments  in  the  manufacture 
of  incandescent  lamp  bulbs,  the  Lighting  Division  recom- 
mends that  the  present  S.A.E.  Standard  for  Bases,  Sock- 
ets and  Connectors,  p.  B4  of  the  S.A.E.  Handbook,  be 
revised  by  increasing  the  distance  from  the  contact  end 
of  the  base,  not  including  the  solder,  to  the  open  end  of 
the  base  1/16  in.,  thus  making  the  limits  for  the  length 
of  base  0.742  to  0.758  in.  instead  of  0.679  to  0.695  in. 

To  prevent  the  ends  of  the  contacts  on  double-contact 
plugs  from  being  too  uneven,  it  is  recommended  that 
tolerances  of  plus  and  minus  0.005  in.  be  specified  for  the 
distance  the  contacts  extend  beyond  the  end  of  the  plug, 
which  is  1/64  in.  As  cap  breakage  has  been  experienced 
owing  to  the  lack  of  a  proper  shoulder  in  the  bore  at  the 
end  of  the  threads,  which  permits  the  plugs  to  screw  in 
beyond  the  threads  and  split  the  cap,  it  is  recommended 
also  that  the  bore  diameter  above  the  threads  for  single- 
contact  plug  caps  only  be  decreased  from  17/32  to  7/16  in. 

NOMENCLATURE   DIVISION   REPORT 

Division  Personnel 


Diameter  of  section  in  inches 


H.  L.  Pope,  Chairman 

W.  P.   Kennedy,   V ice-Chair- 
man 
J.  B.   Bartholomew 
W.  F.  Borgerd 
W.  S.  Bouton 
W.  J.  Brandon 
H.  R.  Cobleigh 

H.  M.  Crane 

W.  P.  Culver 

A.  B.  Cumner 

L.  S.  Keilholtz 

V.  E.  McMullen 

Leonard  Ochtman,  Jr. 

W.  T.  Thomas 
L.  C.  Voyles 
L.  M.  Woolson 


Wright  Aeronautical  Cor- 
poration 

Kennedy  Engineering  Cor- 
poration 

Avery  Co. 

International    Harvester    Co. 

Hendee  Mfg.  Co. 

Avery  Co. 

National  Automobile  Cham- 
ber of  Commerce 

Consulting  Engineer 

American  Auto  Parts  Co. 

Autocar  Co. 

Delco-Light  Co. 

Hercules  Corporation 

Joseph  VanBlerck  Engine 
Corporation 

Ithaca,  N.  Y. 

Nordyke  &  Marmon  Co. 

Packard  Motor  Car  Co. 
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Radiator  Nomenclature 
(Proposed  Revision  of  S.  A.  E.  Standard) 

The  Nomenclature  Division  recommends  that  Group  1 
of  Division  III  of  the  present  S.A.E.  Standard  for  Auto- 
mobile Nomenclature,  p.  Kl  of  the  S.A.E.  Handbook,  be 
revised  in  accordance  with  the  accompanying  nomencla- 
ture proposed  for  Group  2,  Radiator,  and  Group  3,  Radia- 
tor Core. 

The  radiator  nomenclature  and  definitions  of  the  four 
types  of  core  were  formulated  by  the  Radiator  Division 
after  considerable  study  and  as  a  result  of  several  meet- 
ings. The  report  was  referred  to  the  Nomenclature  Di- 
vision for  coordinating  with  the  existing  nomenclature  in 
conformity  with  the  regular  nomenclature  standardiza- 
tion procedure. 

DIVISION    III,    COOLING  SYSTEM 
Group  2 — Radiator 

Shell  Type 
Radiator  core  (see  Group  3) 
Radiator  upper  tank 
Radiator  filler-neck 
Radiator  inlet  fitting- 
Radiator  tie-rod  fitting 
Radiator  overflow  tube 
Radiator  lower  tank 
Radiator  outlet  fitting 
Radiator  drain-cock 
Radiator  anchor  stud  or  bolt 
Radiator  anchor  stud  or  bolt  plate 
Radiator  side  bolting-member 
Radiator  shell 
Radiator  supports 
Radiator  hinge-rod  fitting 
Radiator  hood-ledge  liner 

Cast  Type 
Radiator  core  (see  Group  3) 
Radiator  upper  tank 
Radiator  filler-cap 
Radiator  inlet  fitting 
Radiator  tie-i'od  fitting 
Radiator  overflow  tube 
Radiator  outlet  fitting 
Radiator  drain-cock 
Radiator  anchor  stud  or  bolt 
Radiator  anchor  stud  or  bolt  plate 
Radiator  sides 
Radiator  clamping  strips 
Radiator  header  gasket 
Radiator  inlet  gasket 
Radiator  outlet  gasket 
Radiator  hinge-rod  fitting 
Radiator  hood-ledge  liner 

Group  3 — Radiator  Core 

Individual  Fin  and  Tube  Core. — An  assembly  of  fluid 
tubes  of  any  cross-sectional  form  to  each  of  which  are 
attached  gills  or  fins  of  circular,  square  or  other  shape, 
each  tube  and  its  fin  or  fins  forming  a  separate  unit. 

Continuous  Fin  and  Tube  Core. — An  assembly  of 
fluid  tubes  of  any  cross-sectional  form,  the  tubes  being- 
joined  together  by  radiating  fins  or  plates  common  to 
all  the  tubes. 

Ribbon  Cellular  Core. — A  number  of  fluid  passages 
formed  by  joining  metal  ribbons  at  the  edges,  the  fluid 
passage  walls  usually  being  crimped  and  grouped  to 
form  a  cellular  structure.  Parts  of  the  cellular  struc- 
ture may  be  formed  by  flat  or  crimped  ribbon  which  is 
not  a  part  of  the  water  passage. 

Air  Thibe  Cellular  Core. — An  assembly  of  air  tubes 
nested  in  such  a  way  as  to  form  fluid  passages  between 
the  tubes,  the  passages  being  sealed  at  the  ends  of  the 
tubes.  In  this  type  the  fluid  may  flow  transversely  as 
well  as  vertically  around  the  tubes. 


PARTS  AND  FITTINGS  DIVISION  REPORT 


Division  Personnel 


W.  C.   Keys,  Chain 

C.  R.  Ailing 
Clarence  Carson 
H.  B.  Carman 
H.  S.  Jandus 
W.  J.  Outcalt 
F.  W.  Slack 
C.  W.  Spicer 

E.  W.  Weaver 

F.  G.  Whittington 


Gabriel  Snubber  Sales  & 
Service  Co. 

Underwriters'  Laboratories 

Dodge  Bros. 

Garman   Mfg.  Co. 

C.  G.  Spring  Co. 

General   Motors    Corporation 

Peerless  Motor  Car  Co. 

Spicer  Mfg.  Corporation 

Weaver  &  Kemble  Co. 

Stewart-Warner  Speedome- 
ter Co. 

Brake-Lining 

(Proposed  Revision  of  S.A.E.  Standard) 

The  Parts  and  Fittings  Division  recommends  that  the 
present  S.A.E.  Standard  for  Brake-Lining,  p.  C55  of  the 
S.A.E.  Handbook,  be  revised  by  the  addition  of  the 
1 1  x  4  and  the  5/16  x  5-in.  sizes  and  by  the  elimination 
of  the  following  sizes : 

&X2Y4,  Ax  2% 

%xl%  %x2% 

Y4,x2Vi  %x3 

%x2%  %x3VL 

Ax  2Vi  %x4 

Ax  2V2  %x4V2 

The  standard  revised  in  compliance  with  the  recom- 
mendation of  the  Division  is  given  in  Table  14. 

It  is  considered  that  the  18  sizes  of  brake  lining  in  the 
revised  standard  are  required  to  cover  the  necessary 
range  of  applications.  The  5  32  x  1%-in.  size  is  in- 
cluded as  it  is  used  extensively  for  motorcycles.  The 
standard  is,  of  course,  intended  for  adoption  in  future 
production  as  changes  in  design  permit. 

The  Subdivision,  of  which  Clarence  Carson,  of  Dodge 
Bros.,  is  chairman,  is  also  working  on  the  standardization 
of  brake-lining  tests,  much  time  and  money  having  been 
expended  in  the  development  of  several  testing-machines 
that  have  been  tried  out  by  the  brake-lining  manufac- 
turers and  the  Bureau  of  Standards.  The  work  has  not 
progressed  to  such  a  point,  however,  that  a  report  can 
be  made  at  this  time. 


TABLE  14 

— PROPOSED 

REVISED  STANDARD  FOR  BRAKE- 

LINING  SIZES 

Width, 

In. 

Thickness, 

In. 

±A 

& 

_3 

Iff 

Vi 

A 

1% 

* 

1*4 

* 

I1.. 

* 

* 

1% 

* 

* 

2 

* 

* 

* 

2Vi 

* 

2% 

* 

* 

3 

* 

* 

3V2 

* 

4 

* 

* 

5 

* 

Thickness 

+  0.000 

+  0.000 

+  0.000 

+  0.000 

Tolerances 

—0.020 

—0.020 

-    h 

— 

Fuel   and   Lubrication   Pipe   Fittings — Compression 

Type 
(Proposed  S.A.E.  Recommended  Practice) 

The  Parts  and  Fittings  Division  recommends  for  adop- 
tion as  S.A.E.  Recommended  Practice  the  accompanying 
compression-type  fuel  and  lubrication  pipe  fittings.  The 
dimensions  proposed  were  prepared  by  a  Subdivision  con- 
sisting of  W.  H.  Hollister,  of  the  Imperial  Brass  Co.,  and 
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threads  recommended  were  selected  many  years  ago  be- 
cause the  coarser  threads,  then  standard,  were  unsatis- 
factory when  used  in  applications  subject  to  severe  vibra- 
tion. Consequently  any  changes  made  in  the  pitches  at 
the  present  time  would  affect  the  entire  output  of  prac- 
tically all  of  the  compression-type  fitting  manufacturers 
as  the  dimensions  proposed  are  practically  standard  at 
the  present  time. 

Rod-End  Pins 
(Proposed  Revision  of  S.A.E.  Standard) 

Since  the  present  S.A.E.  Standard  for  Rod-End  Pins, 
p.  CIO  of  the  S.A.E.  Handbook,  was  adopted  by  the 
Society  in  January,  1915,  production  developments  have 
made  possible  the  manufacture  of  rod-end  pins  by  up- 
setting the  heads,  which  require  slightly  greater  diameter 
tolerances. 

The  Parts  and  Fittings  Division  therefore  recom- 
mends that  the  present  S.A.E.  Standard  for  Rod-End 
Pins  be  revised  to  specify  tolerances  of  minus  0.002  to 
minus  0.007  in.  for  nominal  diameters  3/16  to  7/16  in. 
inclusive  and  minus  0.004  to  minus  0.009  for  nominal 
diameters  from  H  to  1  in.  inclusive. 

Cotter-Pins 
(Proposed  Revision  of  S.A.E.  Standard) 

The  Parts  and  Fittings  Division  recommends  that  the 
present  S.A.E.  Standard  for  Cotter-Pins,  p  C7  of  the 
S.A.E.  Handbook,  be  revised  to  conform  to  the  dimen- 
sions-given in  Table  15.  The  present  standard  specifies 
that  cotter-pin  holes  shall  be  drilled  oversize  on  the 
basis  that  cotter-pins  are  manufactured  in  accordance 
with  the  nominal  cotter-pin  sizes.  It  has  become  general 
practice  to  produce  cotter-pins  smaller  than  the  nominal 
size,  however,  and  consequently  the  cotter-pin  holes 
should  be  drilled  to  size. 

The  Division  also  takes  this  opportunity  to  omit  all 
cotter-pin    diameters   expressed   in   sixty-fourths   of   an 


iAmerican  .Standard  (Briggs)  Pipe  Thread. 

W.  J.  Outcalt,  of  the  General  Motors  Corporation.  Al- 
though the  threads  specified  in  the  recommendation  are 
S.A.E.  Standard  only  for  the  %  and  3/16-in.  sizes,  the 


PROPOSED    STANDARD    COTTER-PIN    DIMENSIONS 

D — Nominal  Trade  Diameters,  In. 
&        Vs       A       fs        A        Vi        A 


TABLE    15- 

Length, 
In.        A 

(L) 

A  * 

.     A 

% 

%  *  * 

%  *  * 

7/g  *  *  * 

I  *  * 

1%  *               * 

1%  *  * 

1%  *  * 

1%  * 

1%  *  *               * 

1%  *  *               * 

o  *  *  * 

2]/  *  *  *  * 

91/  *  *  *  * 

2%  *  *  * 

0  *  *  * 

Actual  wire  diameter  limits,  in.: 

0.061  0.090  0.122  0.150  0.176  0.207  0.225  0.280 
0..058  0.086  0.118  0.146  0.172  0.202  0.220  0.275 
The    Washburn    and    Morn    steel    wire    gage    is    usually    used    for 

1  ing  cotter-pin   wire  sizes. 

inch  and  to  add  the  5/32,  3/16,  7/32,  V4  and  5/16-in. 
nominal  sizes.  In  submitting  this  recommendation,  the 
Division  contemplates  that  in  case  the  report  is  approved, 
all  other  S.A.E.  Standards  and  Recommended  Practices 
specifying  cotter-pins  will  be  brought  into  agreement 
with  this  proposed  revision. 
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TABLE   16 — PROPOSED  FELT   SPECIFICATIONS 


S.A.E 

Specification 

Trade 

Ash 

No. 

Classification 

Wool,  Per  Cent 

Cent,  Max. 

Fl 

Back  Check 

100 

1.00 

F2 

Back  Check 

100 

1.00 

F3 

Back  Check 

95-100 

1.25 

F10 

Firm  Pad 

100 

1.00 

Fll 

Firm  Pad 

100 

1.25 

F12 

Firm  Pad 

90-95 

1.25 

F13 

Firm  Pad 

80-85 

1.25 

F15 

Firm  Pad 

60-65 

1.50 

F26 

Soft  Pad 

50-55 

1.50 

F30 

Medium  Sheet 

100 

1.25 

F50 

Colored  Shoe  Upper 

100 

1.25 

F51 

Shoe  Upper 

70 

1.25 

F60 

Asbestos 

SO4 

5.00 

3  This  a 

trade  term  and  does  nol    refer  to  univi 

asbestos. 

'  50  pi  r 

rent 

reworked  wool  and  50  per  cent  wool  substitutes. 

'  Except 

gra> 

and  black. 

Thickness  Tolerance, 

Color 

Plus  or 

Minus,  Per  Cent 

White 

10 

Any  Color 

10 

Any  Color 

10 

White 

10 

Grey 

10 

Grey 

10 

Grev 

10 

Grey 

10 

Grey 

10 

White 

5 

All  Colors' 

10 

Grey  and  Black 

15 

Grey 

15 

Felt  Specifications 

(Proposed  S.  A.  E.  Recommended  Practice) 

In  the  face  of  the  wide  difference  of  opinion  as  to  the 
possibility  of  formulating  practical  specifications  for  felt, 
the  Parts  and  Fittings  Division  appointed  in  1920  a  Sub- 
division on  Felt  which  undertook  the  task  of  formulating 
felt  specifications  that  would  be  of  real  assistance  to 
engineers  and  purchasing  agents. 

A  preliminary  report  was  submitted  by  the  Subdivi- 
sion, of  which  H.  W.  Jarrow,  of  the  American  Felt  Co., 
was  chairman,  and  was  circularized  among  manufactur- 
ers and  users  for  comments,  which  were  used  as  the 
basis  in  formulating  the  felt  specifications.  These  were 
approved  after  being  modified  somewhat  by  the  Parts  and 
Fittings  Division,  and  are  submitted  herewith  for  ap- 
proval as  S.A.E.  Recommended  Practice. 

The  result  of  the  circular  letter  on  felt  specifications 
brought  out  the  fact  that  the  specifications  were  con- 
sidered to  be  of  real  value  to  the  engineering  fraternity 
in  that  they  establish  definite  specifications  for  a  product 
that  has  hitherto  been  purchased  by  sample  only. 

The  specifications  were  printed  in  the  May  issue  of 
The  Journal  under  the  heading  "Tentative  Standardiza- 
tion Work"  but  no  adverse  comments  were  received  from 
the  members  of  the  Society. 

The  Subdivision  made  an  effort  to  develop  some  satis- 
factory method  for  measuring  the  thickness  of  felt  but 
without  success.  The  purchaser  is  protected,  however,  as 
the  weight  of  the  felt  is  definitely  given  in  the  specifica- 
tion. 


To  determine  the  percentage  of  wool,  the  following 
method  abstracted  from  Sadtler's  Industrial  Organic 
Chemistry  should  be  used 

Boil  a  2-gram  sample  of  the  material  to  be 
tested  in  60  to  80  cc.  of  sodium-hydroxide  solu- 
tion of  1.02  specific  gravity  for  15  min.,  using  a 
reflux  condenser.  Wash  the  residue  with  dis- 
tilled water  until  the  sodium-hydroxide  and  the 
saponified  wool  are  removed,  then  press  out  the 
water,  dry  in  air  and  weigh. 

Per  Cent  Wool  =  100  (IF  —  1.05  w)  ~W 
where 

W  =  the  weight  of  the  original  sample 
w  =  the  weight  of  the  residue 
Since  hair  and  other  animal  fibers  similar  to 
wool  will  be  saponified  and  included  in  the  re- 
sulting   percentage,    a    microscopic    examination 
should  be  made  of  the  original  sample. 
All  of  the  above  grades  of  felt  shall  be  free  from 
starch,  glue  or  other  similar  materials. 

All  weights  shall  be  based  on  the  thickness  of  the 
felt  as  ordered  and  no  correction  in  weight  shall  be 
made  for  variations  in  the  thickness  of  the  material 
received. 

The  appearance,  hardness,  and  oil-absorption  qual- 
ities shall  be  in  accordance  with  a  sample  of  felt  ap- 
proved by  the  engineering  department  and  retained  as  a 
standard  by  the  purchasing  and  inspection  departments. 

General  Information. — Back  check  and  firm  pad  felts 
are  recommended  for  use  in  washers,  bushings,  oiling 
wicks,  door  bumpers  and  similar  parts. 

Soft  pad  felt  is  intended  for  chassis  strips.    Medium 


TABLE 

17 — THICKNESS    AND 

WEIGHT   OF    PROPOSED 

STANDARD 

FELTS 

S.A.E. 

Weight  of  Felt,  Lb.  per  Sq.  Yd.  per  36 

in.  Width  Allowable  Tolerance,  Plus  or  Minus  10  Per  Cent 

Specifi- 

Felt Thickness,  In. 

cation 

No 

y% 

16 

M 

16 

% 

V2 

H 

1 

VA 

2 

Fl 

2.00 

3.00 

3.95 

-,   10 

6.00 

8.20 

F2 

2.00 

3  00 

3.95 

5.10 

6.00 

8.20 

F3 

2.00 

3  00 

3.95 

5.10 

6.00 

8.20 

F10 

1.50 

1.75 

2.25 

2.75 

3.25 

4.25 

Fll 

1.50 

1.75 

2.25 

2.75 

3.25 

4.25 

F12 

1.50 

1.75 

2.25 

2.75 

3.25 

4.25 

F13 

1.50 

1.75 

2.25 

2.75 

3.25 

4.25 

F15 

1.50 

1.75 

2.25 

2.75 

3.25 

4.25 

F26 

1.10 

1.50 

1.90 

( 

F30 

5.00 

7.50 

10.00 

17 

50 

20 

00 

30.00 

40 

nn 

F5CX> 

F51e 

F60 

i.50 

2.25             3.00 

4 

50 

6 

00 

"Specification  No.  F50  shall  weigh  20  oz.  per  yd.   60. 

in.  wide   when   0.050    in 

thick ;    22   oz.   when    0. 

055   in.    thick-    24 

when   O.U60   in.   thick:   26   oz.  when   0.065  in.   thick;   28  os 

.  when    0.070   in.    thick 

30   oz.    when    0.075    in. 

thick ;    32    oz.    when 

0.080   in.   thick  and   34  oz.   when   0.085   in.   thick. 

"Specification  No.   PD1   shall  weigh   12   oz.  per  yd.      60 

in    wide   when    ]    '■'■-    in 

thick;    IS    oz.    when    3 

64    in.    thick:    24    oz. 

when  1/1 

5  in.  thick  a 

nd  30  oz.  wl 

len  5/64  in. 

thick. 
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sheet  felt  is  intended  for  use  where  a  felt  harder  than 
back  check  felt  is  required. 

Colored  shoe  upper  felt  is  intended  for  use  for  ball 
and  roller  bearing  oil-retainer  washers  and  for  use 
where  an  accurate,  thin,  smooth,  high-grade  felt  is 
desired. 

Shoe  upper  felt  is  intended  for  use  where  a  felt 
thinner  than  back  check  or  pad  felt  is  required  and 
where  the  higher  quality  of  colored  shoe  upper  felt  is 
not  required. 

Asbestos  felt  is  intended  for  such  applications  as  soft 
top  padding  or  cushions. 

License-Plates  and  Brackets 

(Proposed  Cancellation  of  S.A.E.  Standard) 

The  Parts  and  Fittings  Division  recommends  that  the 
present  S.A.E.  Standard  for  License-Plates  and  Brackets, 
p.  C56  of  the  S.A.E.  Handbook,  be  cancelled  as  it  has 
become  obsolete  through  development  in  license-plate  de- 
sign since  the  standard  was  approved  in  1916. 

The  Division  is  considering  the  advisability  of  recom- 
mending standard  dimensions  for  the  location  of  the  slot 
in  the  license-plate  bracket  which  will  pei-mit  the  great- 
est possible  variation  of  the  position  of  the  holes  in  the 
license-plates  in  line  with  the  specifications  incorporated 
in  the  Massachusetts  State  law. 

Taper  Fittings  with  Plain  or  Slotted  Nuts 

(Proposed  Extension  of  S.A.E.  Standard) 

As  the  Motorboat  Division  desired  to  extend  the  pres- 
ent standard  for  motorboat  couplings  to  include  the  sizes 
most  generally  used  in  present  practice,  the  Parts  and 
Fittings  Division  was  asked  to  supply  the  dimensions  for 
taper  fittings  for  the  1%,  1%  and  3%-in.  nominal  shaft- 
diameters,  which  are  not  included  in  the  present  S.A.E. 
Standard  for  Taper  Fittings  with  Plain  or  Slotted  Nuts. 

The  dimensions  given  in  the  accompanying  table  were 
submitted  by  C.  W.  Spicer,  who  formulated  the  original 
taper  and  spline-fitting  standards,  and  were  approved  by 
the  Division  and  transmitted  to  the  Motorboat  Division 
for  use  in  the  motorboat  coupling  standards.  The  Parts 
and  Fittings  Division  therefore  recommends  that  the 
dimensions  given  in  Table  18  be  adopted  as  an  extension 
of  the  present  S.A.E.  Standard  for  Taper  Fittings  with 
Plain  or  Slotted  Nuts,  p.  C14  of  the  S.A.E.  Handbook. 

TABLE   18 — DIMENSIONS  FOE  TAPER  FITTINGS  WITH   PLAIN 
OR  SLOTTED   NUTS 


Diam. 

Shaft  D» 

Diam.  of 
HoleDh 

L. 

L, 

Lh 

Lt 

D. 

Threads, 

per 
In. 

T, 

Max. 

Min. 

Max. 

Min. 

r. 

1.626 
1.876 
3.252 

1.624 
1.874 

3.248 

1.622 
1.872 
3.245 

1.620 
1.870 
3.242 

2H 

n 

-   - 

•2'  , 

ilA 

H 

H 

VA 

ik 

2 

18 
18 
16 

H 

! 
1 

H 

Width 
Across 
Flats 
of  Nut 

W 

H 

Square  Key 

C 

Diam. 

Max. 

Min. 

Max.        Min. 

Max. 

Min. 

1\ 

2ft 
2ft 

0.4375 
0.4375 
0.7500 

0.4365 
0.4365 
0.7485 

0.2242   ;  0.2217 
0.2242      0.2217 
0.3900      0.3S50 

0.4390 

0.4390 
0.7520 

0.4380 
0.4380 
0.7505 

For   reference    letters,    see   p.    C14    of   the   S.    A.    E. 
Handbook. 

TRUCK  DIVISION  REPORT 

Division  Personnel 

A.  J.  Scaife,  Chairman  White  Motor  Co. 

J.  R.  Coleman,  Vice-Chair- 
man 
A.  K.  Brumbaugh 


F.  W.  Davis 

H.  E.  Derr 

J.  C.  Haggart,  Jr. 

A.  W.  S.  Herrington 

M.  C.  Horine 

E.  A.  Kingsbury 
H.  B.  Knap 

J.  A.  Kraua 
W.  M.  Petty 

F.  A.  Whitten 


Consulting  Engineer 
International    Harvester    Co. 
Republic  Motor  Truck  Co. 
Quartermaster  Corps 
International  Motor  Co. 
Sanford  Motor  Truck  Co. 
Packard  Motor  Car  Co. 
Garford  Motor  Truck  Co. 
Service  Motor  Truck  Co. 
General  Motors  Truck  Co. 


Selden  Truck  Corporation 
Autocar  Co. 


Motor-Truck  Cabs 

(Proposed  S.A.E.  Recommended  Practice) 

In  1921  the  Truck  Division  was  asked  to  consider  the 
possibility  of  standardizing  motor-truck  cabs  as  it  was 
recognized  that  conditions  in  the  industry  made  it  im- 
possible for  cab  manufacturers  to  use  quantity-produc- 
tion methods,  the  general  practice  being  to  sell  the 
chassis  without  cabs,  these  being  obtained  by  the  chassis 
purchasers  at  additional  expense  and  loss  of  time.  As 
the  Truck  Division  had  recommended  standard  motor- 
truck body-installation  dimensions,  which  had  been 
adopted  by  the  Society,  it  was  considered  desirable  to 
continue  this  work  to  establish  the  necessary  dimensions 
for  obtaining  interchangeabilities  of  cabs. 

Information  was  therefore  obtained  from  the  motor- 
truck builders  as  to  their  cab-mounting  dimensions,  the 
consensus  of  opinion  of  the  companies  being  that  cab 
standardization  was  desirable.  It  was  recognized,  how- 
ever, that  no  recommendation  of  the  Division  should  limit 
truck  design  in  any  way. 

As  a  result  of  the  information  obtained,  a  tentative 
recommendation  was  submitted  for  general  comment  by 
the  Truck  Division  in  September,  1922.  As  the  com- 
ments received  indicated  further  revisions  were  desir- 
able, the  recommendation  was  further  revised  and  again 
submitted  for  comment  in  October  of  the  same  year.  At 
the  January  Society  Meeting  in  1923  the  Division  re- 
viewed the  comments  that  had  been  received  and  although 
it  was  recognized  that  the  recommendation  was  funda- 
mentally right,  it  was  considered  that  final  action  should 
not  be  taken  on  the  proposal  until  the  cab  manufacturers 
and  users  had  had  an  opportunity  to  discuss  the  recom- 
mendation at  an  open  meeting.  Such  a  meeting  was  held 
in  Detroit  in  March,  1923,  the  tentative  recommendation 
having  been  circularized  again  in  the  meantime,  and  the 
comments  being  discussed  in  detail  at  the  meeting. 

As  it  was  possible  to  obtain  definite  agreement  at  this 
meeting,  the  Truck  Division  recommends  for  adoption 
as  S.A.E.  Recommended  Practice  the  accompanying  cab 
dimensions  and  also  recommends  that  the  accompanying 
paragraphs  be  included  with  the  recommendation  as 
"General  Information  Only."  At  the  meeting  in  March 
the  original  recommendation  was  extended  to  include 
cabs  intended  for  "speed-wagons,"  as  it  was  felt  that 
practice  was  sufficiently  established  to  specify  definitely 
mounting  dimensions  for  such  cabs. 

Subsequent  to  the  last  meeting,  the  recommendation 
as  submitted  herewith  was  referred  to  motor-truck  and 
motor-truck  cab  manufacturers  for  final  comment.  The 
replies  received  were  favorable  to  the  present  recommen- 
dation and  the  Division  feels  confident  that  in  submitting 
the  accompanying  proposal  it  is  meeting  the  wishes  of  the 
entire  motor-truck  industry. 

GENERAL    INFORMATION 
The  filler-pipe  should  be  of  the  flush  type  and  located 

at  least  6  in.  from  the  center  of  the  fuel  tank. 

When  it  is  desired  to  provide  a  space  under  the  seat 

for   the   storage-battery   and   the   tool-boxes,   a   square 

fuel-tank  should  be  used. 
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■  Frvni  erf Dash 


-C ■ 


I  ir~ri  d.  I . 

'i  »  ==4^    iL  >-     „''j 
~-r_-L-^--^r  'tf_--.--.-i 


H* 


Truck 

i      lacity, 

Tons 

,1 

Max. 

(' 

D 

.Max. 

Min. 

1  !  _.  ami  Under 

2 

2S 

46 

13 

10 

I  '  _.  and  Over 

3J-. 

36 

46 

IV 

13J-. 

'  Dimension  B  is  from  the  too  of  the  chassis  frame 
to  the  top  of  the  high. -^i  flash  that  can  be  accom- 
moda  ted 

As  it  is  difficult  to  design  practical  cabs  when  ex- 
tremely wide  dashes  are  used,  the  maximum  dash-width 
should  be  44  in.  for  all  trucks  of  l1.  tons  capacity  or 
larger.  For  trucks  of  smaller  capacity,  the  maximum 
dash-width  should  be  37  in. 

STATIONARY-ENGINE  DIVISION  REPORT 
Division  Personnel 


L.  F.  Burger,  Chairman 

C.  B.  Segner,  Vice-Chairman 

H.  G.  Holmes 
V.  E.  McMullen 
T.  C.  Menges 

I.  J.  Nelson 
O.  A.  Powell 
L.  W.  Witry 


International   Harvester   Co. 
Domestic     Engine    &    Pump 

Co. 
Novo  Engine  Co. 
Hercules  Corporation 
Associated        Manufacturers 

Co. 
Nelson  Bros. 
Cushman  Motor  Works 
Waterloo     Gasoline     Engine 

Co. 


Stationary-Engine  Crankshafts 

(Proposed  Cancellation  of  S.A.E.  Recommended  Practice) 
In    April,    1921,   the   Stationary-Engine    Division    ap- 
proved a  series  of  crankshaft  and  crank-pin  diameters 


which  was  adopted  by  the  Society  in  July,  1921,  and 
printed  on  p.  A29  of  the  S.A.E.  Handbook.  As  a  result 
of  several  votes  cast  against  this  recommendation  by  the 
Society  members,  the  Council  requested  the  Division  to 
reconsider  it.  As  subsequent  consideration  indicated  that 
there  is  too  great  a  variation  of  engine  sizes  and  designs 
to  permit  practical  standardization  of  crankshafts  and 
crank-pin  diameters,  the  Stationary-Engine  Division 
recommends  that  the  original  recommendation  of  the 
Division  be  cancelled. 

Stationary-Engine  Belt-Speeds 

(Proposed  S.A.E.  Recommended  Practice) 

In  1921  the  Stationary-Engine  Division  recommended 
the  adoption  as  S.A.E.  Recommended  Practice  of  a  series 
of  stationary-engine  belt-speeds.  This  commendation 
was,  however,  criticized  adversely  by  members  of  the  So- 
ciety and  referred  back  to  the  Division  by  the  Standards 
Committee  for  further  study. 

This  subject  has  received  further  consideration  by  the 
members  of  the  Stationary-Engine  Division  as  the  result 
of  which  the  accompanying  table  of  belt  speeds  is  recom- 
mended for  adoption  as  S.A.E.  Recommended  Practice. 
It  is  felt  that  the  recommendation  will  provide  informa- 
tion to  engine  builders  as  well  as  power-driven  equip- 
ment manufacturers  which  should  be  used  in  designing 
new  apparatus  to  obtain  the  proper  operation  of  farm 
equipment. 


TABLE  19 — STATIONARY-ENGINE  BELT-SPEEDS 


Rated  Engine  Power, 
Hp. 

1% 

2 

3 

4 

5 

6 

7 

8 

9 
10 
12 
15 


Belt  Speed, 

Ft.  pec  Min. 

600 

750 

950 

1,125 

1,275 

1,400 

1,500 

1,600 

1,650 

1,700 

1,800 

1,900 

The  belt  speeds  for  portable  engines  of  10  hp.  and  larger 
shall   be   2600    ft.    per   min.,    tractor   belt-speed   standard. 

The  variation  in  belt  speeds  shall  not  exceed  5  per  cent 
above  or  below  those  specified. 


EVOLUTION 


\N  engineering  designer  above  all  people  should  proceed 
-fl.  along  the  path  of  progress  by  short  and  well  comprehended 
steps.  There  should  be  no  leaps  in  the  dark.  A  slight  change 
of  detail  in  a  mechanism  frequently  results  in  a  performance 
or  symptom  that  was  not  anticipated.  Such  a  change  may 
bring  a  result  out  of  all  proportion  to  the  amount  of  the 
alteration  made.  Obviously,  therefore,  if  a  number  of  new, 
though  comparatively  small,  changes  are  carried  out  simul- 
taneously, the  diagnosing  or  rectifying  of  more  than  one 
defect  or  trouble  at  a  time  may  well  prove  to  be  a  very  com- 
plex and  costly  process.  One  experiment  at  a  time  should 
be  an  invariable  rule. 

A  further  point  in  connection  with  design  is  the  apparent 
distaste  of  the  purchasing  public  for  goods  that  they  may 
consider  too  novel.  Objections  on  this  point  frequently  hold 
good  even  in  the  case  of  articles  that  have  been  proved  to  be 
of  greater  efficiency  and  even  of  less  cost  than  those  produced 
to  more  conventional  designs.  To  some  extent  this  viewpoint 
is  justified.  For  example,  practically  every  adult  residing  in 
a  civilized  country  comprehends,  at  least  in  some  measure, 
the  main  features  of  the  modern  motor-car.     As  untrained 


minds  often  find  considerable  difficulty  in  grasping  the  tech- 
nicalities of  new  mechanisms,  motor-car  designers  are  wise 
in  adhering  to  what  are  considered  orthodox  general  arrange- 
ments. 

The  all-important  matter  of  cost  also  enters  largely  into 
any  question  as  to  the  advisability  of  producing  entirely  new 
designs.  Apart  from  the  very  considerable  sums  that  must 
be  expended  on  special  tools,  jigs,  gages,  etc.,  it  is  necessary 
to  bear  in  mind  that  it  requires  some  time  for  machine  oper- 
ators, fitters  and  assemblers  to  become  thoroughly  accus- 
tomed to  new  work.  The  more  specialized  the  class  of  labor 
employed,  the  more  serious  does  this  consideration  become. 
In  other  phases  of  works  administration,  drastic  changes 
are  likely  to  bring  disastrous  results.  Many  such  instances 
come  to  mind.  Systems  require  very  careful  handling  both 
when  they  are  being  installed  and  when  changed.  Their 
apparent  complexity  when  viewed  for  the  first  time  as  a 
whole  is  due,  as  a  rule,  to  their  gradual  growth,  and  organ- 
izers, designers  and  others  should  take  a  lesson  from  nature 
and  recollect  that  "Rome  was  not  built  in  a  day." — Engim  •  r- 
ing  Production  (London). 
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Steel 


By  Dr.  John  A.  Mathews2 


BY  many,  the  capacity  for  hardening  in  water  has  been 
considered  as  the  distinguishing  characteristic  of  steel. 
By  others,  it  is  considered  that  the  preparation  of  this  form 
of  iron  by  a  melting  process  is  essential  to  distinguish  steel 
from  the  other  forms  of  iron,  the  result  of  melting  the  raw- 
materials  being  largely  to  free  them  from  the  slag  and  the  in- 
clusions that  are  characteristic  of  wrought  iron.  The  third 
quality  generally  considered  as  necessary  is  that  of  malle- 
ability. This  distinguishes  steel  from  cast  iron.  It  is  my 
opinion  that  the  two  really  essential  characteristics  are 
manufacture  by  melting  and  the  quality  of  malleability.  It 
seems  to  me  that  the  property  of  hardening  should  not  be 
considered  an  essential  of  the  definition.  There  was  a  dis- 
cussion a  few  years  ago  as  to  whether  the  name  ingot  iron 
was  the  proper  one  to  describe  a  well-known  American  prod- 
uct. This  should  be  called  ingot  steel.  It  is  extremely  low  in 
carbon  and  will  not  harden  in  the  ordinary  sense  of  the  word 
by  quenching  in  water.  Nevertheless  it  is  manufactured  by 
melting  in  the  open-hearth  furnace  and  is  malleable.  It  is 
free  from  slag  and  inclusions,  and  therefore  should  not  be 
called  iron,  thereby  likening  it  to  wrought  iron  that  has  not 
been  produced  by  a  melting  process,  is  not  free  from  slag  and 
inclusions,  but  is,  of  course,  malleable.  Hardening  is  a 
question  of  degree  and  the  degree  of  hardening  increases  di- 
rectly with  the  carbon-content.  While  a  steel  extremely 
low  in  carbon  does  not  harden  very  materially  as  measured 
by  the  scleroscope  and  Brinell  tests,  such  carbon  as  it  pos- 
sesses may  be  converted  into  the  martensitic  state  by  heating 
to  a  high  temperature  followed  by  a  quick  cooling.  It  may, 
therefore,  be  said  to  have  been  hardened,  even  though  the 
physical  hardness  may  not  be  materially  increased,  owing  to 
the  small  amount  of  carbon.  The  martensitic  form  char- 
acterizes hardened  steel,  but  the  small  amount  of  martensite 
is  contaminated  with  so  much  free  ferrite,  which  does  not 
harden,  that  the  final  product  will  be  physically  soft. 

In  my  opinion,  steel  as  we  now  know  it,  the  steel  of  com- 
merce, made  in  Bessemer,  open-hearth,  crucible  or  electric 
furnaces,  is  that  form  of  iron  which  has  been  produced  by 
melting  to  yield  a  finished  product  that  is  malleable.  The 
question  of  carbon-content  and  the  incidental  presence  of 
other  elements  is  not  vital  to  the  definition.  When  we  wish 
to  refer  to  steel  of  centuries  prior  to  the  invention  of  crucible 
cast-steel  we  may  still  use  the  term  "steel"  prefixed  by  "ce- 
mented," "blister,"  "shear"  or  "double  shear."  These  forms 
of  steel  have  continued  at  a  diminishing  rate  of  production 
down  to  the  present  time.  Steel,  as  we  know  it  today,  began 
with  the  invention  of  cast  steel  made  by  a  process  of  fusing, 
thereby  eliminating  slag  and  producing  a  practically  homo- 
geneous product  in  which  the  carbon  and  other  elements  were 
distributed  uniformly  throughout  the  product.  The  product 
was  also  malleable  and  therefore  within  the  definition  of  steel 
based  upon  fusion  and  malleability.  Steel  prior  to  this  time 
was  produced  without  fusion,  by  the  process  of  carbonizing 
wrought  iron. 

As  to  the  use  of  the  word  carbonize  and  carburize,  our 
metallurgists  in  general  prefer  the  vjord^carburize  to  indi- 
cate the  process  of  adding  carbon  to  low-carbon  iron  or  steel 
products.  I  am  inclined  to  use  the  word  carburize  in  connec- 
tion with  the  process  of  adding  carbon  to  the  molten  products 
of  open-hearth,  electric  or  Bessemer  furnaces.  Carbon  is 
added  to  molten  steel  in  the  form  of  anthracite  coal,  char- 
coal, ferromanganese  and  similar  substances.  Sometimes  the 
process  is  carried  out  in  the  furnaces  and  sometimes  in  the 
ladles.  The  process  of  adding  carbon  to  solid  steel,  as  in  the 
case-hardening  operations,  I  am  disposed  to  call  carbonizing. 

1  From  a  paper  presented  before  the  New  York  Chapter  of  the 
American  Society  for  Steel   Treating. 

-  M.S.A.E. — President.  Crucible  Steel  Co.  of  America,  Xew  York 
City. 


Therefore,  the  old  process  of  making  a  cemented  steel  would 
be  considered  a  carbonizing  process,  the  bars  of  wrought  iron 
being  packed  in  charcoal  and  subjected  to  heat  for  a  period 
of  7  to  12  days  in  furnaces  looking  more  or  less  like  pottery 
kilns.  The  same  word  would  apply  to  the  modern  practice  of 
case-hardening  small  finished  parts,  such  as  gears. 

It  has  been  recognized  for  nearly  150  years  that  carbon 
is  the  element  that  confers  on  iron  its  wide  variety  of  prop- 
erties. When,  in  definitions  of  steel,  carbon  is  included  as 
an  essential,  it  is  generally  stated  that  the  carbon-content 
may  vary  from  0.10  to  2.00  or  2.25  per  cent.  The  ordinary 
steel  of  commerce  is  well  within  these  ranges.  The  true 
upper  limit,  however,  is  the  limit  of  forgeability.  Plain  car- 
bon-steels containing  as  high  as  2.50  per  cent  of  carbon  can 
be  forged  with  difficulty.  The  principal  difficulty  in  forging 
the  extremely  high-carbon  steels  arises  from  the  tendency  of 
the  excess  cementite  to  break  down  into  ferrite  plus  free 
graphitic-carbon.  Certain  elements  tend  to  keep  the  carbon 
in  combination  and  certain  other  elements  tend  to  precipitate 
the  free  carbon  in  high-carbon  steels.  Manganese  and 
chromium  are  the  principal  elements  that  tend  to  keep  it 
in  combination,  while  silicon  and  nickel  tend  to  precipitate 
.  free  carbon.  In  the  carbonizing  of  steel  the  same  elements 
act  the  same  way;  high  chromium  and  manganese  seem  to 
facilitate  the  absorption  of  carbon,  while  silicon  and  nickel 
tend  to  retard  its  absorption. 

In  addition  to  the  iron  and  carbon  present  in  all  commer- 
cial steels,  there  are  four  other  elements  ordinarily  present 
whose  effects  must  be  considered.  They  are  manganese, 
phosphorus,  sulphur  and  silicon.  These  are  often  considered 
as  impurities,  since  it  is  almost  impossible  to  make  steel  free 
from  them.  The  first  two  elements,  however,  especially  man- 
ganese, must  be  considered  essential  and  beneficial,  while 
phosphorus  and  sulphur  are  nearly  always  undesirable. 
Copper  and  arsenic  are  usually  present  in  minute  quantities 
and,  in  the  amounts  ordinarily  present,  their  effects  are  neg- 
ligible. Aluminum  is  normally  present  not  for  the  reason 
that  it  cannot  be  eliminated,  but  because  it  is  added  to  the 
steel  during  casting  and  traces  of  it  may  be  found  in  the 
finished  product.  Ordinary  steel,  then,  by  whatever  process 
made,  may  contain  carbon  and  manganese  from  0.10  to  1.50 
per  cent;  silicon  from  a  trace  to  0.25  per  cent;  phosphorus 
and  sulphur  from  below  0.01  to  0.10  per  cent;  with  copper, 
aluminum  and  arsenic  in  negligible  quantities.  Steel  usually 
contains  hydrogen,  oxygen,  nitrogen  and  cyanides  in  minute 
quantities  that  are  not  readily  determined.  Nevertheless,  we 
must  assume  that  each  and  all  of  these  elements  exert  some 
influence  in  regard  to  the  final  quality  of  the  steel.  We  have 
much  to  learn  as  to  just  how  they  act  and  as  to  what  their 
influence  is,  particularly  in  regard  to  tool  steel.  It  so  often 
happens  that  two  samples  of  steel,  of  practically  identical 
analyses  as  far  as  the  ordinary  elements  are  determined, 
give  such  different  service  that  we  are  forced  to  the  conclu- 
sion that  other  factors  than  those  that  our  present  methods 
of  investigation  deal  with  control  the  ultimate  quality.  The 
mysterious  something  called  quality  is  frequently  called  by 
the  British  body.  Just  wThat  body  is,  I  have  never  seen  de- 
fined. 

The  term  alloy  steel  has  acquired  a  special  significance, 
meaning  any  steel  to  which,  in  addition  to  carbon  and  iron 
and  the  impurities  common  to  all  steel,  a  metal  or  metalloid 
has  been  added  to  change  or  improve  the  natural  properties. 
Chemically  pure  iron  may  be  classed  among  the  rare  metals. 

In  general,  it  may  be  said  that  the  influence  of  other  ele- 
ments upon  an  iron-carbon  alloy  is 

(1)    To  change  the  temperature  of  the  occurrence  of 
the  critical  points 


(Concluded  on  p.  609) 
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Nebraska  Tractor-Test  Analysis 


By  Oscar  W.  Sjogren1 


Chicago  Tractor.  Meeting  Papeh 


Illustrated  with  Charts 


A  COMPILATION  of  all.  results  of  the  tractor-testing 
work  at  the  University  of  Nebraska  is  presented 
by  the  author,  who  specifies  the  equipment  used  and 
discusses  the  subjects  of  the  proper  rating'  of  tractors, 
belt  speeds,  weight  distribution,  tractive  efficiency, 
wheel  slippage,  piston  displacement,  fuel  and  water 
consumption  in  considerable  detail  supplemented  by 
illustrations.  The  defects  of  tractors  are  divided  into 
the  three  main  groups  of  engine,  accessory  and  chassis, 
and  enumerated,  comment  being  made  thereon. 

Three  general  recommendations  for  remedying  these 
defects  are  stated  and  a  statistical  record  of  the  re- 
sults secured  during  the  three  seasons  when  the  tests 
were  conducted  is  included.  That  a  better  product  is 
one  of  the  direct  results  of  the  testing  program  is  in- 
dicated by  the  statistics  presented  in  Table  1. 

THIS  paper  states  the  results  of  an  extensive  but 
by  no  means  exhaustive  study  of  the  data  secured 
in  the  tractor-testing  work  at  the  University  of 
Nebraska.  These  data  are  so  inclusive  that  even  an 
extensive  study  of  them  cannot  exhaust  the  possible 
different  angles  of  attack.  The  data  given  are  a  com- 
pilation of  all  results.  All  comparisons  made  are 
based  on  actual  performance  records,  and  not  on  any 
personal  preferences.  The  Nebraska  tests  are  all  carried 
out  under  as  nearly  similar  conditions  of  operation  as 
it  is  possible  to  secure,  which  fact  makes  an  analysis 
of  the  results  of  more  than  ordinary  value.  The  figures 
for  the  1922  tests  are  not  included  in  this  study  except 
where  mentioned. 

All  belt  tests  were  made  on  a  Sprague  electric  dyna- 
mometer driven  by  belting  the  tractor  to  it  with  a  belt 
of  width  and  length  as  recommended  for  use  with  the 
tractor  in  ordinary  operation.  No  allowance  was  made 
for  belt  loss,  as  it  was  contended  that  it  is  the  power 
delivered  to  the  driven  machine  that  is  to  be  considered 
in  actual  operation.  The  drawbar  tests  were  run  on  a 
'  o-mile  track,  which  has  been  wrongly  termed  a  cinder- 
track.  It  is  true  that  cinders  were  used,  but  only  to 
the  extent  of  a  thickness  of  about  2  in.  mixed  into  the 
upper  8  in.  of  soil  to  improve  drainage  conditions. 

Rating  of  Tractors 

One  of  the  outstanding  discrepancies  in  the  tractor 
field  is  the  lack  of  standard  methods  of  rating,  in  the 
belt  and  at  the  drawbar.  For  purposes  of  comparison, 
the  table  of  rating  shown  in  Fig.  1  was  made  up,  in 
which  the  rated  power  is  taken  as  80  per  cent  of  the 
maximum  for  both  belt  and  drawbar.  This  shows  that 
only  15  out  of  76  tractors  met  this  requirement  on  the 
belt,  and  61  are  rated  above  this.  Seven  of  these  were 
rated  at  a  figure  that  they  could  not  reach.  On  the 
drawbar,  a  much  more  liberal  allowance  is  made  as  is 
indicated  by  the  ratings  in  Fig.  2.  Fifty-one  tractors 
came  up  to  or  exceeded  the  80-per  cent  rating,  and  22 
failed  to  reach  it.  Of  these,  two  were  rated  at  more 
than  they  could  actually  develop. 

As  measured  by  this  standard,  the  ratings  of  a  large 
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Fig.   1 — Classification  of  Tractors  According   to   the   Relation 
between  the  rated  and  the  maximum  belt  horsepower 

percentage  of  the  tractors  are  made  on  too  narrow  mar- 
gins; very  little  if  any  allowance  is  made  for  individual 
differences  in  machines,  or  for  possible  power  reductions 
as  the  tractor  becomes  worn.  In  several  cases,  tractors 
of  different  makes  using  the  same  kind  and  size  of 
engine  have  been  given  ratings  of  wide  variation.  Three 
cases  are  cited,  as  follows : 

(1)  Four  tractors  of  different  make  using  the  same 
engine  are  rated  from  30  hp.  at  900  r.p.m.  to  35 
hp.  at  850  r.p.m.,  an  increase  of  16  per  cent  in 
rating  with  a  5%  per  cent  drop  in  speed 

(2)  Two  tractors  of  different  make  using  the  same 
engine  are  rated  at  20  and  25  hp.,  respectively,  at 
the  same  number  of  revolutions  per  minute,  a  dif- 
ference of  25  per  cent 

(3)  Three  tractors  of  different  make  using-  the  same 
engine  are  rated  at  12  hp.  at  1000  r.p.m.;  10  hp. 
at  1000  r.p.m.;  and  10  hp.  at  1200  r.p.m. 
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1  M.S.A.E. — Professor  of  agricultural   engineering,  college  of  agri- 
culture, University  of  Nebraska,  Lincoln,  Neb. 
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pulleys.  Belt  speeds  of  1500,  2600,  3000,  3250  and  3500 
ft.  per  min.  have  been  designed  as  standard.  Fig.  3 
indicates  how  nearly  present  belt  speeds  conform  to 
these  standards.  The  heavy  single  lines  indicate  the 
figures  adopted  as  standard.  Here  it  seems  is  a  place 
for  great  improvement.  Why  have  so  many  different 
belt  speeds?  It  evidently  adds  confusion.  Possibly, 
wide  limits  are  desirable  when  a  standard  is  first  pro- 
posed, but  is  it  not  time  now  to  choose  one  or  two 
definite  belt  speeds  and  to  equip  all  machines  with  pulleys 
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Fig.  3 — Diagram  Showing  How  Closely  the  Belt  Speeds  of  the 

Tractors  Tested  Conform  to  the  Standard  Rates  of  1500,   2600, 

3000.   3250  and  3500   R.P.JI. 

These  cases  are  sufficient  to  indicate  a  condition  the 
existence  for  which  there  is  no  legitimate  reason.  A 
standard  method  of  rating,  conscientiously  observed, 
would   give   a   direct   comparison   of   tractors   from   the 
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Total  Weight  of  Tractor,  lb. 

Fin    4 — Relation  between  the  Weight  per  Drawbar  Horsepower 
and  the  Total  Weight  of  the  Wheeled  Type  Tractors 

power  standpoint.  This  would  tend  to  give  prospective 
users  greater  confidence  in  the  tractor  industry,  if  they 
can  be  made  to  see  and  realize  that  all  tractors  similarly 
rated  can  be  compared  from  the  basis  of  power  output. 

Belt  Speeds 
Efforts  have  been  made  during  late  years  to   secure 
greater  uniformity  in  the  surface  speed  of  tractor  belt- 
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Fig.    7 — Chart    Showing    the    Relation    between   the    Tractive 
Efficiency  of  Different  Types  of  Engine  Based  on  the  Maxi- 
mum  Horsepower  and  the  Total  Weight  of  the  Tractor 

that  will  give  these  speeds  at  the  rated  number  of  revo- 
lutions per  minute? 

Weight  Distribution 

Upon  first  thought,  one  might  easily  assume  that  the 
very  light  tractors  have  less  weight  per  drawbar  horse- 
power than  the  heavier  ones.  However,  the  figures  show 
clearly  that  this  is  not  true.  As  given  in  Fig.  4,  they 
indicate  that  the  tractors  having  a  total  weight  of  about 
4500  lb.  have  less  weight  per  drawbar  horsepower  than 
either   the  lighter  or  the   heavier   ones.     This   relation 

80 


Mo 

35 


60 


50 


40 


Four-Cuhndrrj 
4      & 


'V 


Two-Qlmder  %nzonhf 


500 


FIG.   5- 


1000     1500     2000     2500    3000    3500  AboveJSOO 
Total  Engine  Weightjb. 
-Relation  between  the  Engine  Weight  per  Drawbar 
i  i   1  sepower  and  the  total  engine  weight 


0      2000     4000      6000      8000     10000    12,000  14,000 
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Fig.    6 — Chart    Showing    the    Relation    between    the    Tractive 

Efficiency  of  Different  Types  of  Engine  and  the  Total  Weight 

Based  on  the  Rated  Horsepower 

should  be  borne  in  mind  later  when  making  other  com- 
parisons. As  is  evident  in  Fig.  5,  the  general  trend 
of  the  relation  of  total  engine-weight  and  engine  weight 
per  brake  horsepower  indicates  that  the  weight  per 
horsepower  increases  as  the  total  engine-weight  in- 
creases. The  three  tractors  represented  in  the  lowest 
figure  have  a  total  average  tractor-weight  of  4060  lb. 

Tractive  Efficiency 
The  term  tractive  efficiency  is  applied  to  the  ratio,  or 
the   percentage,    of   the   brake  horsepower   delivered   to 
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the  drawbar;  it  is  E=  (Drawbar  Horsepower  Brake 
Horsepower)  x  100.  Fig.  6  indicates  the  relation  ex- 
isting between  total  tractor-weight  and  tractive  effi- 
ciency for  the  different  types  of  engine.  Here  the  4500- 
II).  tractor  is  again  to  the  front  as  it  is  in  weight  dis- 
tribution, in  that  it  has  the  highest  efficiency  in  its  class, 
except  in  the  case  of  the  tractor  with  a  four-cylinder 
vertical  engine.  The  other  high  point  in  this  curve 
for  a  7500-lb.   tractor  is  obtained  from  the  records  of 
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pIG    s — Relation  between  the  Tractive  Efficiency  and  the 

"Weight  per   Drawbar   Horsepower    for   Different   Types   of 

Tractor 

only  two  machines ;  it  cannot  be  considered  as  conclusive 
as  the  point  for  the  4500-lb.  weight,  which  is  obtained 
from  the  records  of  seven  machines.  The  points  on  the 
curve   for   the   four-cylinder   horizontal   engine   contain, 


100      200        300       400         500       600       100      800 
Weight  on  Driving  Wheels  per  Drawbar  Horsepower;  lb. 

Fig.    9 — Relation    between    the    Tractive    Efficiency    and    the 
Weight   on   the   Driving   Wheels   per  Drawbar   Horsepower 

with  one  exception,  the  records  of  only  one  machine. 
Likewise,  the  curve  for  two-cylinder  horizontal  engines 
cannot  be  considered  as  an  average.  However,  the  gen- 
eral trend  is  noted  to  be  toward  a  reduction  in  the 
tractive  efficiency  with  an  increase  in  the  total  weight 
of  tractor  beyond  the  4500-lb.  weight.  There  seems  to 
be  also  a  tendency  toward  a  decreased  efficiency  with 
tractors  lighter  than  about  4000  lb.  Fig.  7  indicates  that 
the  tractive  efficiency  based  on  the  maximum  tests  runs 
in  much  the  same  general  trend  as  on  the  rated  tests. 
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With  the  wheel  tractor,  the  efficiency  tends  to  become 
lower  as  the  total  weight  per  drawbar  horsepower  in- 
creases, as  shown  in  Fig.  8.  The  crawler  type  shows 
higher  efficiency  than   the  wheel  type,   but  the   number 
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11 — Relation   of  the  Tractive  Efficiency  and  the  Weight 
Drawbar  Horsepower   for  Different  Types   of   Final   Drive 


of  records  available  of  this  type  makes  it  difficult  to 
state  correctly  the  general  relation  of  the  two  factors 
considered.  As  indicated  in  Fig.  9,  the  general  ten- 
dency is  for  the  tractive  efficiency  to  vary  in  an  inverse 
ratio  to  the  weight  on  the  drivers  per  drawbar  horse- 
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Fig.   12 — Tractive  Efficiency  as   Related  to  the  Total  Weight 

of  the   Tractor    Classified   According   to  the-  Number  of   Gear 

Reductions 


Vol.  XII 


590 


June.  1923 


No.  6 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


30      40       50        60        70        80 
Tractive  Efficiency  percent 


90        100 


Fig 
the 


13 — The   Relation'   between    the   Tractive   Efficiency   and 
Maximum   Wheel   Slippage   with   Different   Ttpes   of   Lug 


power.  The  figures  for  the  maximum  load  are  the  most 
significant,  as  they  are  based  on  the  maximum  tests 
and  indicate  more  nearly  the  relation  than  does  the 
rated  curve.  The  highest  and  the  lowest  efficiencies  in 
each  weight  class  are  indicated  by  the  high  and  the  low 
curves.  The  figures  on  these  curves  give  the  total  weight 
of  the  tractor  for  each  point.  It  is  thus  seen  that  the 
heavier  tractors  have  the  highest  efficiency  and  the  light 
tractors  have  the  lowest.  When  considering  the  total 
weight  of  the  tractor,  however,  this  relation  does  not 
hold.  In  Fig.  10,  the  efficiency  is  seen  to  reach  its  ap- 
parent maximum  for  tractors'  weighing  about  5000  lb., 
dropping  slightly  for  the  heavier  machines. 

A  study  of  the  relation  of  the  tractive  efficiency  and 
the  weight  per  drawbar  horsepower,  the  results  of  which 
are  shown  in  Fig.  11,  indicates  that  the  lightest-weight 
tractors  are  not  so  efficient  as  those  of  medium  weight, 
except  in  the  case  of  the  live-axle-driven  machines.  The 
advantages  of  the  live-axle-driven  tractor  are  apparent 
only  in  the  lightest  weights.  "Live  axle"  is  the  term 
used  when  the  axle  is  keyed  or  fastened  rigidly  to  the 
drive-wheels  and  is  driven  from  a  differential.  The  slight 
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advantage  of  the  gear  drive  over  the  live-axle  drive  shown 
in  these  curves  may  be  due  to  the  greater  number  of 
machines  in  the  gear-drive  class  on  which  data  are 
available. 

Some  discussion  has  been  heard  in  various  tractor 
meetings  about  the  probable  effect  of  the  number  of 
gear  reductions  on  the  tractive  efficiency.  A  study  of 
the  data  reveals  average  conditions,  as  indicated  in  Fig. 
12,  that  no  one  number  of  gear  reductions  has  the  ad- 
vantage with  respect  to  tractive  efficiency. 

Wheel  Slippage 

One  of  the  factors  in  tractor  operation  that  seems  to 
give  considerable  trouble  is  that  of  slippage  of  the  drive- 
wheels.  The  power  available  at  the  drawbar  is  limited 
by  one  of  two  factors:  (a)  inability  of  the  drive-wheels 
to  maintain  a  grip  on  the  ground  firmly  enough  to  pre- 
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Fig.  14 — Wheel  SCippage  as  Related  to  the  Total  Weight  or  the 
Tractor  Classified  According  to  the  Type  of  Final  Drive 


Fig.    15 — In    General   the   Wheel   Slippage   Tends   To   Decrease 
Slightly  as   the  Weight  of  the   Tractor   per   Drawbar   Horse- 
power Increases 

vent  slippage  with  heavy  loads,  or  (b)  insufficient  en- 
gine power  evidenced  by  stalling  of  the  engine  with 
heavy  loads.  Considerable  effort  and  thought  have  been 
given  by  tractor  designers  in  attempts  to  balance  these 
two  factors.  All  slippage  data  are  taken  as  being  at 
the  point  of  a  lug.     • 

A  consideration  of  the  effect  of  different  types  of 
lug  on  wheel  slippage  for  various  values  of  tractive 
efficiency  is  shown  in  Fig.  13.  The  lug  equipment  show- 
ing the  best  results  in  these  tests  will  not  necessarily 
show  the  best  results  under  conditions  differing  from 
those  existing  on  the  testing  track  where  these  results 
were  obtained.  The  tendency  of  the  angle  lug  was  to 
pulverize  the  surface  of  the  track,  after  traveling  over 
it  several  times,  to  such  an  extent  that  a  good  grip 
could  not  be  secured.  This  condition  would  not  arise 
where  the  tractor  breaks  a  new  path  continuously  as 
in  farm  work.  The  spade  lugs  gave  the  best  results 
on  the  track,  due  largely  to  the  fact  that  they  would 
penetrate  the  ground  to  a  sufficient  depth  to  give  a 
good  grip  and  therefore  would  not  cut  or  pulverize  the 
surface.  The  malleable-bar  lugs  were  used  on  the  largest 
tractors  which,  in  themselves,  were  heavy  enough  to 
cause  the  wheels  to  grip  the  ground.  It  is  doubtful  if 
this  type  of  lug  would  give  any  better  results  on  the 
light  tractor  than  did  the  angle  lugs.  The  crawler-type 
tractors  show  a  very  low  percentage  of  slippage,  as 
would  be  expected. 

Fig.  14  shows  that  as  the  total  tractor-weight  in- 
creases the  percentage  of  slip  of  the  drive-wheels  de- 
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Fig.  16 — Driving  Wheel  Slippage  as  Related  to  the  Weight  per 
Inch  of  Width  of  the  Driving-Wheel  Rims 

creases  slightly.  The  better  showing  made  by  the  dead- 
axle  type  probably  is  due  to  two  conditions:  the  larger 
number  of  machines  of  this  type  from  which  data  could 
be  obtained,  and  the  fact  that  the  heavier  machines 
which,  because  of  their  weight,  tend  to  have  a  lower 
percentage  of  wheel  slippage,  were  also  of  this  type. 
Fig.  15  indicates  in  a  general  way  the  tendency  of  wheel 
slippage  to  decrease  slightly  as  the  tractor  -weight  per 
drawbar   horsepower    increases.      This   tendency   to    de- 

150 


about  the  figure  of  13,000  cu.  in.  per  min.  per  hp.  The 
data  show  a  great  variation  in  this  factor  among  the 
tractors  tested.  Fig.  17  indicates  that  the  large  ma- 
jority of  tractors  have  a  piston  displacement  ranging 
from  a  little  above  11,000  cu.  in.  to  slightly  more  than 
13,000  cu.  in.  per  min.  per  hp. 

How  the  piston  displacement  varies  with  the  type  of 
engine  and  the  engine  speed  is  shown  in  Fig.  18.  The 
evidence  here  is  to  the  effect  that  the  designers  of  the 
four-cylinder  vertical  engines  have  come  closer  to  a 
standard  design  of  performance  of  engine  than  have  the 
designers    of    horizontal    engines.      Upon    a    closer    ex- 
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crease  is  more  marked  in  Fig.  15  than  in  Fig.  14.  Very 
many  factors  enter  into  the  problem  of  wheel  slippage, 
and  many  studies  have  been  made  of  various  combina- 
tions of  the  data,  bringing  into  consideration  the  dia- 
meter of  the  drive-wheels,  the  speed  of  travel,  the  draw- 
bar pull  and  the  horsepower.  No  general  tendency  of 
the  effect  of  these  factors  could  be  noted.  Fig.  16  in- 
dicates the  factor  that  gave  the  most  consistent  results. 
If  all  operating  and  soil  conditions  could  be  kept  con- 
stant, no  doubt  some  rules  or  some  formula  would  be 
discovered  that  would  aid  materially  in  the  design  of 
tractors  to  overcome  the  tendency  of  the  drive-wheels 
to  slip  under  a  heavy  load. 

Wide  differences  of  opinion  exist  among  tractor  men 
as  to  the  advantages  and  disadvantages  of  rating  trac- 
tors on  a  piston-displacement  basis.  The  discussion  by 
those  favoring  this  method  of  rating  seems  to  center 
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animation  of  the  original  data,  however,  it  is  found  that 
the  highest  as  well  as  the  lowest  figures  for  piston  dis- 
placement are  found  in  this  class,  the  former  being 
16,740  cu.  in.  and  the  latter  9150  cu.  in.  The  favorable 
showing  in  Fig.  18  is  therefore  due  to  the  greater  num- 
ber of  machines  in  this  group,  rather  than  to  any  uni- 
formity of  design  or  performance. 

In  the  matter  of  the  relation  of  the  piston  displace- 
ment to  the  diameter  of  cylinders  and  the  engine  speed, 
the  indications  are  that  the  large-diameter  cylinders 
run  at  lower  speeds  but  do  not  necessarily  have  a  lower 
piston-displacement  than  those  of  small  diameter.  The 
medium-diameter  cylinders,  those  of  from  5  to  6  in., 
seem  to  run  the  lowest  as  a  group  in  piston  displace- 
ment and  at  speeds  from  600  to  800  r.p.m.  The  lowest 
piston-displacement  mentioned  above  was  made  with  a 
piston  diameter  of  4  1/8  in.  at  1200  r.p.m. 
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The  high  and  the  low  limits  between  which  piston 
displacement  varies  are  given  in  Fig.  19.  They  show 
a  great  variation  in  this  factor  and  constitute  evidence 
that  engine   design   is   not   nearly  standardized  as   yet. 
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The  curves  indicate  that  the  optimum  speeds,  as  based 
on  piston  displacement,  lie  between  600  and  1000  r.p.m. 

Fuel  and  Water  Consumption 

Lowering  of  the  fuel  consumption  per  horsepower- 
hour  is  one  of  the  main  aims  of  many  tractor  builders. 
That  there  is  a  great  variation  in  the  amount  of  fuel 

1.15 


1500  Above  1500 


100       900      1100      1300 

Engine  Speed,  r.p.m 

Fig.  22 — Fuel  Consumption  as  Related  to  the  Engine  Speed 
Based  on  the  Rated  Loads 


used  per  horsepower-hour  is  indicated  by  the  test  records. 
The  original  data  disclose  that  the  lowest  fuel-con- 
sumption was  0.63  lb.  per  hp-hr.,  on  the  rated  brake- 
load  and  0.67  lb.  on  the  maximum  brake-load,  the  same 
tractor  making  both  records.  On  the  rated  drawbar-test, 
this  same  tractor  used  1.04  lb.  per  drawbar  hp-hr.  On 
this  test  it  was  equaled  by  one  and  excelled  by  two  other 
tractors.  The  two  low  machines  used  0.98  and  0.99  lb. 
per  drawbar  hp-hr.,  respectively.  The  highest  fuel-con- 
sumption on  the  rated  brake-test  was  1.40  lb.  per  b. 
hp-hr.  and,  on  the  drawbar,  the  highest  consumption 
was  2.76  lb.  per  drawbar  hp-hr.  It  is  thus  seen  that 
there  is  a  great  variation  in  the  amount  of  fuel  required 
per  horsepower-hour  for  the  various  tractors,  a  variation 
of  138  per  cent  from  lowest  to  highest  on  the  belt  test, 
and  181  per  cent  from  lowest  to  highest  on  the  draw- 
bar. 

Fig.  20  shows  the  fuel  consumption  for  different  types 
of  engine  on  the  various  loads,  and  that  no  particular 
type  of  engine  has  the  advantage  throughout  all  the 
tests.  All  are  fairly  close  together  on  the  maximum 
belt-test,  which  is  the  most  significant  test  so  far  as 
figures  relating  to  performance  are  concerned.  As  would 
be  expected,  the  fuel  consumption  tends  to  increase  with 
an  increase  in  the  piston  displacement.  In  Fig.  21,  we 
have  an  average  fuel-consumption  for  each  group  of 
tractors  based  on  the  piston  displacement.  Inasmuch 
as  the  tendency  is  to  decrease  the  fuel  consumption, 
only  the  average  and  the  low  curves  are  given. 

The  data  showing  the  relation  of  the  fuel  consump- 
tion to  the  engine  speed  give  peculiar  results  as  shown 
in  Fig.  22.  Here  it  is  seen  that  the  lowest  records  are 
obtained  at  speeds  between  600  and  1100  r.p.m.  The 
data  reveal  that  the  lowest  fuel-consumption  is  secured 
with  engines  having  a  diameter  of  cylinder  of  between 
5  and  6  in. 

Referring  to  Fig.  23,  the  relation  of  the  tractor  weight 
to  the  fuel  consumption  is  somewhat  surprising,  especially 
in  the  horizontal-cylinder  engine,  in  that  it  tends  down- 
ward as  the  weight  increases.  This  holds  true  until 
an  approximate  weight  of  7000  lb.  is  reached,  after 
which  the  curve  assumes  an  upward  tendency.  In  the 
case  of  vertical-cylinder  engines,  there  is  a  slight  upward 
tendency  in  the  curve  until  the  above  weight  is  reached 
and  then  the  curve  drops  very  markedly.  However,  the 
number  of  tractors  used  beyond  that  point  is  small  as 
compared  to  those  used  at  the  other  weights,  which  fact 
may  materially  influence  the  results. 

Fig.  24  indicates  that  the  I-type  engine  will  give 
better  fuel-economy  than  the  L-head  engine  on  all 
operating  loads.  This  same  advantage  is  noted  in  Fig. 
25,  where  only  four-cylinder  vertical  engines  are  con- 
sidered. Some  interesting  comparisons  of  the  fuel  con- 
sumption at  various  loads  are  given  in  Fig.  26.  The 
rated  brake-load  gives  a  better  economy  than  either 
the  maximum  or  half  loads.  The  relation  is  also  brought 
out  that  the  fuel  requirement  on  drawbar  work  is  almost 
double  that  required  on  belt  work  per  horsepower-hour. 

The  water  consumption  per  hour  for  the  different 
tractors  showed  a  wide  variation,  running  from  no  water 
used  during  the  2-hr.  rated-horsepower  test  with  the 
air  temperature  at  84  deg.  fahr.  to  40  gal.  for  the  same 
test  with  the  air  temperature  at  88.5  deg.  fahr.  On 
the  drawbar  test,  the  amount  of  water  required  varied 
from  no  water  used  with  air  temperature  at  87  deg. 
fahr.  to  17.8  gal.  per  hr.  at  the  same  air-temperature. 
This  wide  difference  in  the  amount  of  water  used  in- 
dicates that  in  some  cases  the  cooling  system  has  not 
been  given  the  attention  that  it  really  deserves. 
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Defects  of  Tractors 

This  discussion  of  the  defects  that  have  shown-up  in 

our  tests  is  intended  to  be  critical  only  in  a  constructive 

sense;   the   defects   are   mentioned    in   the    hope   that   a 

closer  study  of  the  requirements  will  be  made  and  more 
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Some  of  the  push-rods  had  to  be  adjusted  several  times. 
The  necessity  of  adjusting  push-rods  should  not  of  course 
be  classed  as  a  defect  in  the  regular  sense,  as  such  ad- 
justment is  an  ordinary  proceeding;  but  the  number  of 
cases  of  this  during  the  time  of  the  testing  is  striking. 
In  many  of  these  cases  the  power  output  was  increased 
materially.  Frequently  the  indications  were  that  the 
valves  had  not  been  fitted  properly  at  the  factory.  Tim- 
ing of  the  valves  was  changed  in  two  cases. 
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rigid  inspection  required  of  all  parts  that  go  to  make  up 
the  tractor,  so  that  the  final  result  will  be  a  more  highly 
improved  product. 

The  minimum  time  on  test  for  any  tractor  was  30  hr. 
of  operation ;  and  the  maximum,  78  hr.  All  the  defects 
mentioned  have  shown-up  within  these  time  limits  and 
indicate  that  the  tractor  user  must  be  not  only  an  opera- 
tor but  a  mechanic  from  the  very  first.  The  defects  have 
been  divided  into  three  main  groups,  those  dealing  with 
the  engine,  the  accessories  and  the  chassis;  the  figures 
refer  to  the  number  of  tractors  in  each  case. 

Engines 

In   regard  to  the   engine  and   in  addition  to   several 

minor  defects,  we  note  from  our  records  the  following 

main  items: 

Defective  Cylinder-Blocks  Replaced  3 

Cylinder-Heads  Replaced  1 

Gaskets  Burned-Out  3 

Cylinders  Scored  2 
The  main  defects  of  the  valves  were  as  follows: 

Valves  Replaced  2 

Stems  Ground  2 

Valves  Ground  4 

Springs  Broken  1 

Push-Rods  Adjusted  13 
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Fig.  25 — Relation  between  the  Fuel  Consumption  and  the  Maxi- 
mum   Horsepower   of  the  Tractors   Classified   on   the  Basis   of 
Valve  Location  and  Kind  of  Fuel 

Belt  pulleys  of  the  attachment  type  gave  the  most 
trouble,  probably  due  to  the  short  shaft  and  the  fact 
that  only  one  bearing  was  used.  Lack  of  proper  clear- 
ance between  the  pulley  and  the  drive-wheel  was  en- 
countered. This  is  especially  undesirable  when  the  trac- 
tor is  used  on  wet  ground;  the  soil  fills-in  on  the  drive- 
wheel  to  such  a  thickness  that  it  rubs  on  the  belt  pulley 
and  stalls  the  engine.  The  cranking  of  the  engine  while 
in  the  belt  can  readily  be  facilitated  in  some  cases. 


2.00 


0.60 

100     200       300      400       500       600       100      800 

Total  Weiahtper  Drawbar  Horsepower, lb. 

Fig.  26 — The  Fuel  Consumption  at  Different  Loads  as  Related 
to  the  Weight  per  Maximum   Drawbar  Horsepower 


Vol.  XII 


June,  1923 


No.  6 


594 


THE  JOURXAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


CHANGES  MADE  IN  ENGINES  SUBMITTED  FOR  TEST 

Crankshaft 

Bearings  Refitted  1 

Bearings  Tightened  1 
necting-Rods 

Bearings  Adjusted  2 

Bearings  Burned-Out  1 

New  Grease-Cups  2 

New  Grease-Cup  Caps  2 

Pistons  Sets 

Rings  Butted  3 

New  Sets  of  Pistons  3 

Pistons  Turned-Down  2 

Refitting  Rings  1 

Oiling  System 

Pumps  Repaired  2 

Pressure  Gage  Not  Indicating  1 

Enlarged  Suction-Pipe  1 

Broken  Pipes  3 
Crankcase  Floats  Indicating  Wrong  Level 

Belt  Pulley 

Clutch  Removed  1 

Drive-Chain  and  Sprocket  Broken  1 

Whole  Assembly  Replaced  1 

Replaced  Lagging  1 

Broken  Pulley  1 


Accessories 

Cooling  Systems — Most  of  the  difficulty  with  cooling 
systems  seemed  to  be  in  the  matter  of  fans  and  fan 
drives.  In  21  cases  the  fan-belt  was  the  chief  offender, 
requiring  frequent  tightening,  replacing  or  relacing.  In 
two  cases  the  fans  were  replaced  with  larger  ones.  The 
same  thing  was  true  in  the  case  of  the  radiators.  Other 
difficulties  related  to  the  fan  bearings,  the  pump  pack- 
ing, the  water  lines,  and  the  valves.  In  some  cases  the 
cylinder-heads  became  very  hot,  even  though  the  cool- 
ing water  did  not  exceed  a  temperature  of  200  deg.  fahr. 
This  may  have  indicated  restricted  circulation  or  that  the 
water  space  was  too  small  in  the  cylinder-head. 

Clutch — Adjustment  of  clutches  was  necessary  in  20 
cases.  Other  difficulties  were:  clutch  stuck,  broken  shoe, 
broken  link,  completely  wrecked,  collar  bolts  broken, 
throwout-arm  loose  and  pin  lost. 

Fuel  System — In  seven  cases,  the  carbureter  was  re- 
placed with  one  of  a  different  size  or  make  and  in  several 
other  instances  changes  in  the  carbureter  that  were  made 
improved  the  operation  of  the  engine  materially.  Alto- 
gether, 50  changes  on  fuel  systems  are  recorded;  several 
of  these  may  have  been  on  the  same  machine. 
Some  of  the  changes  and  jobs  aside  from  those  already 
mentioned  were:  installation  of  bypasses  and  shrouds 
that  permitted  the  regulation  of  the  proportions  of  hot  or 
cold  air,  thus  regulating  the  temperature  of  the  fuel  mix- 
ture ;  nozzle  size  increased ;  air  valve ;  the  adding  of  a 
fine  adjustment  to  the  water-feed;  leaks,  and  breaks  in 
the  fuel  lines. 

Air-Cleaners — In  some  cases  the  power  output  of  the 
engine  was  increased  materially  by  disconnecting  the  air- 
cleaner,  indicating,  in  most  of  these  instances,  that  the 
cleaner  was  too  small.  Another  important  factor  brought 
out  in  the  matter  of  the  air-cleaners  using  water  was  the 
desirability  of  having  them  designed  so  that  water  can 
be  added  while  the  engine  is  under  load.  This  is  espe- 
cially important  when  working  in  the  belt. 

Governors — The  purpose  of  a  governor  on  an  engine  is 
to  prevent  any  appreciable  variation  in  the  engine  speed. 
In  many  cases  the  governor  is  a  governor  in  name  only. 
That  a  governor  can  be  built  which  really  governs  is 
shown  by  the  many  cases  where  close  regulation  is  se- 


cured under  a  great  variety  of  conditions.  To  be  effec- 
tive, a  governor  should  not  only  control  the  speed  of  the 
engine  throughout  a  load  range  from  no  load  to  full  load, 
but  should  also  allow  the  engine  to  develop  its  full  power 
at  rated  speed  when  necessary.  The  most  frequent  dif- 
ficulty encountered  with  governors,  aside  from  ineffective- 
ness, was  in  the  matter  of  springs ;  these  were  replaced 
in  five  cases.  Other  difficulties  were  wrong  assembly  and 
the  replacement  of  parts. 

Ignition — The  most  frequent  difficulty  encountered 
with  ignition  systems  was  in  the  matter  of  timing.  This 
was  changed  in  nine  instances ;  magnetos  were  replaced 
in  two  instances.  Other  difficulties  were:  spark-coils  re- 
placed, the  replacement  of  the  breaker-points,  the  adjust- 
ment of  breaker-points,  loose  couplings  and  impulse 
starters. 

Chassis 

Difficulties  with  the  chassis  were  relatively  few,  and 
can  be  classed  as  (a)  lack  of  proper  lubrication;  (b) 
poor  steering-gears;  and  (c)  weak  construction  evidenced 
by  broken  bolts,  twisted  frames  and  broken  gears. 

The  weight  distribution  or  method  of  attaching  the 
load  is  sometimes  such  as  to  take  nearly  all  of  the  weight 
off  the  front  wheels,  making  guiding  very  difficult ;  or, 
on  the  other  hand,  so  much  weight  is  thrown  on  the  front 
end  as  to  make  the  steering  apparatus  very  difficult  to 
work,  unduly  tiring  the  operator. 

Of  the  large  number  of  tractors  submitted  for  test, 
two  entire  tractors  were  replaced,  one  because  of  a  defec- 
tive engine  and  one  because  of  a  twisted  frame. 

More  attention  should  be  given,  in  the  design  and  con- 
struction of  tractors,  to  the  comfort  of  the  operator. 
This  refers  especially  to  seat  design  and  arrangement. 
The  operator  should  be  able  to  sit  so  that  he  has  a  good 
view  of  the  field  ahead  of  him.  The  seat  should  be  in 
such  a  position  that  the  operator  will  not  be  directly  in 
the  path  of  the  hot  air  from  the  fan  blast  nor  be  required 
to  sit  close  to  exhaust  pipes  or  other  highly  heated  ma- 
terial. The  machine  should  be  designed  so  that  it  is 
readily  accessible  in  all  parts  for  inspection,  adjustment 
and  repair. 

If  I  were  asked  to  make  recommendations  as  to  how 
these  defects  can  largely  be  remedied,  I  would  consider 
the  following  in  the  order  of  their  importance: 

(1)  More  rigid  tryouts  in  the  field  under  various  con- 
ditions, by  men  other  than  the  designer,  before  the 
tractor  is  finally  approved  for  production 

(2)  A  choice  of  accessories  based  on  a  thorough  study 
of  them  as  related  to  the  particular  machine  in 
question 

(3)  More  rigid  inspections  of  parts,  as  well  as  of  the 
finished  machine 

When  I  asked  our  engineer  what  he  considered  a  great 
fault  of  the  tractors  he  said:  "They  make  a  good  tractor 
and  then  spoil  it  by  using  unsuitable  accessories." 

Results  of  the  Tests 

The  following  is  a  brief  statistical  record  of  the  results 
secured  during  the  three  seasons  the  tests  mentioned 
have  been  conducted: 

Requests  for  Tests  141 

Appeared  for  Test  89 

Made  Test  without  Changes  in  Tractor  51 

Made  Test  with  Changes  in  Tractor  35 

Withdrew  from  Test  3 

Changes  Made 
Did  Not  Make  Original  Rating  12 

Changed  the  Number  of  Revolutions  per  Minute  6 

Changed  Equipment  17 

(Concluded  on  p.  609) 


Vol.   XII 


June,  1923 


No.  6 


Research  Topics  and  Suggestions 

THE  Research  Department  plans  to  present  under  this  heading  each  month  a  topic  that  is  pertinent  to  the 
general  field  of  automotive  research,  and  is  either  of  special  interest  to  some  group  of  the  Society  member- 
ship or  related  to  some  particularly  urgent  problem  of  the  industry.  Since  the  object  of  the  department  is  to  act 
as  a  clearing-house  for  res/arch  information,  we  slvall  be  pleased  to  receive  the  comments  of  members  regarding 
the  topics  so  presented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 

TIRES— OLD  AND  NEW 


WHEN  a  new  development  changes  some  basic  condition 
on  which  an  industry  or  a  product  has  been  developed, 
the  new  possibilities  in  the  way  of  further  development  made 
possible  by  the  new  conditions  are  often  very  slowly  realized. 
When  a  given  process  has  been  carried  on  in  a  fixed  way 
for  a  long  time  it  is  not  easy  to  remember  all  the  reasons 
why  the  process  is  as  it  is  and  how  new  conditions  can  pei-- 
mit  of  improvements  or  what  changes  they  demand. 

One  of  the  most  rigidly  fixed  conditions  that  have  de- 
termined the  progress  of  design  in  passenger  vehicles  is  the 
standard  pneumatic  tire.  Without  the  Otto-cycle  engine  and 
the  pneumatic  tire  or  their  equivalent,  as  yet  undiscovered, 
the  automotive  industry  in  its  present  form  would  not  exist. 
The  only  other  single  element  that  remotely  approaches 
either  in  importance  is  the  electric  starting-system.  While 
tires  have  developed  in  reliability  and  general  performance 
perhaps  as  much  as  have  engines  in  the  past  20  years,  there 
has  been  no  marked  change  in  the  action  of  the  tire  as  a 
mechanical  cushion  for  the  vehicle.  If  a  set  of  the  tires  and 
wheels  of  20  years  ago  could  be  placed  on  almost  any  car  of 
present-day  design  the  average  person  probably  would  not 
notice  the  differences  in  the  mechanical  behavior  of  the 
vehicle. 

Whatever  are  the  reasons  why  tires  have  been  made  for 
20  years  with  about  the  same  tire  diameter  for  a  given  load, 
about  the  same  wheel-base  diameter,  about  the  same  in- 
flation-pressure and  even  roughly  the  same  flexibility  of  the 
carcass,  the  fact  that  this  has  been  the  custom  necessarily 
has  been  one  of  great  importance  in  determining  the  design 
of  many  elements  in  chassis  and  body  assemblies.  In  fact, 
hardly  any  important  part  of  the  vehicle  has  been  unaf- 
fected by  the  mechanical  conditions  imposed  by  the  degree 
of  vibration  that  the  tires  permit  to  reach  the  other  parts  of 
the  vehicle. 

The  prospect  that  the  industry  may  introduce,  or  be  intro- 
duced to,  a  type  of  tire  differing  radically  in  most  of  its 
mechanical  characteristics  from  the  present  type  opens  a 
very  interesting  field  of  speculation  as  to  what  may  be  ex- 
pected in  the  future.  Some  of  the  features  of  design  that 
are  most  directly  dependent  on  tire  characteristics  can  be 
predicted,  however,  without  much  speculation.  The  possi- 
bility or  probability  that  the  general  adoption  of  some  form 
of  tire  giving  a  degree  of  cushioning  that  is  distinctly  more 
effective  than  that  of  the  present  type  will  make  possible 
important  modifications  of  design  in  the  direction  of  lower 
cost  and  longer  service,  as  well  as  greater  comfort,  invites  a 
careful  study  of  the  different  possibilities  by  automotive  en- 
gineers. We  shall  attempt  here  merely  to  suggest  a  few  of 
the  more  obvious  features  in  which  such  a  new  type  of  tire 
may  open  up  possibilities  for  advances  in  car  design. 

The  outstanding  feature  of  any  prospective  tire  develop- 
ment is  a  reduction  in  the  average  and  the  maximum  ac- 
celerations, not  only  vertical  but  perhaps  also  longitudinal 
and  transverse,  that  can  be  imparted  to  the  chassis  by  the 
reactions  of  the  road.  The  reduction  of  impact  should  be 
more  marked  for  the  small  irregularities  of  road  surface 
than  for  the  large  ones,  that  is,  for  block  pavements  than 
for  road  "corrugations."  This  seems  obvious  without  further 
comment.  The  following  suggestions  are  based  on  a  com- 
parison between  the  standard  and  the  prospective  type  of 
tire  in  this  respect. 


Axles  and  Wheels 

Since  the  reduction  of  the  ratio  of  the  unsprung  weight 
to  the  total  weight  has  always  been  recognized  as  a  desid- 
eratum, it  is  safe  to  assume  that  the  weights  and  the  sizes 
of  front  and  rear  axles  have  approached  a  minimum  prac- 
ticable limit  for  economic  production.  Even  more  than  most 
parts  of  the  vehicle,  the  axle  sizes  have  been  the  result  of 
practical  experience  rather  than  of  theory  and  computation 
and  this  experience  has  been  obtained  with  the  standard 
types  of  pneumatic  tire. 

Since  the  more  severe  stresses  to  which  an  axle  housing  or 
a  front  axle  is  subjected  arise  from  impacts  or  accelerations 
imparted  to  it  through  the  tires,  a  reduction  in  the  maximum 
stresses  thus  produced  or  in  the  number  of  times  the  stress 
exceeds  the  safe  limit  for  repeated  stress  will  necessitate 
less  strength  and  less  weight  in  the  axles.  We  would  pre- 
dict, therefore,  that  for  a  given  degree  of  reliability  the  axles 
for  use  with  more  flexible  tires  could  be  made  lighter,  but 
how  much  lighter  probably  only  either  experience  or  a  sys- 
tematic research  on  axle  accelerations  can  determine.  For 
this  reason,  and  also  because  the  transverse  shocks  are 
cushioned  to  a  greater  extent,  the  strength  of  the  wheels 
can  probably  be  reduced.  But  as  the  change  in  the  tire  size 
requires  a  different  rim-size  and  perhaps  involves  a  different 
tire-weight,  one  can  hardly  predict  anything  about  wheel 
weights. 

It  is  not  clear  just  what  factors  have  determined  the  pres- 
ent practice  as  regards  wheel  diameters,  but  probably  body 
height,  road  clearance  and  other  considerations  have  had 
as  much  to  do  with  this  as  tire  characteristics;  hence  it  may 
be  doubted  whether  modifications  in  the  tires  alone  will  cause 
any  radical  changes  in  wheel  diameter. 

Springs 

Much  has  been  written  on  the  subject  of  springs,  mainly 
from  the  point  of  view  of  cushioning  the  frame  against  the 
vertical  displacements  due  to  road  irregularities.  Not  much 
attention  seems  to  have  been  given  to  the  question  of  cush- 
ioning the  fore-and-aft  or  the  transverse  shocks,  nor  to  the 
elimination  of  the  minor  vibrations  that  are  due  to  resonance 
effects  in  the  springs  themselves.  Effects  of  the  latter  sort 
are  undoubtedly  of  much  more  importance  as  regards  the 
comfort  of  the  passengers  and  the  vibration  effects  on  the 
vehicle  than  has  been  generally  recognized.  They  are  per- 
haps responsible  for  most  of  the  minor  vibrations  that  are 
chargeable  to  the  road,  yet  we  know  of  nothing  in  print  that 
deals  directly  with  this  subject. 

Whatever  is  the  nature  of  the  spring  reactions  that  are 
responsible  for  these  effects,  they  are  influenced  mainly  by 
the  impacts  of  the  wheels  on  the  road  as  evidenced  by  the 
marked  effect  of  tire  inflation.  It  is  to  be  supposed,  there- 
fore, that  the  reduction  or  the  practical  elimination  of  these 
secondary  spring-actions  would  be  the  main  result  of  the 
substitution  of  softer  tires. 

It  is  evident  that  there  are  two  qualities  of  springs  that 
might  be  subject  to  change  to  better  adapt  them  to  the  new 
tires.  These  are  the  damping  and  the  initial  deflection.  In 
fact,  these  are  the  only  differences  between  them  as  regards 
their  simple  vertical  reactions.  Torsional  rigidity,  method 
of  shackling  and  the  like,  of  course  affect  the  rolling  and  the 
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pitching  periods  and  the  horizontal  rigidity  of  the  suspension. 
For  practical  reasons  of  clearance  and  capacity  for  vari- 
able load,  the  initial  deflection  is  perhaps  limited  to  about 
the  present  practice,  except  for  some  radical  departure  such 
as  adjustable  spring-tensions.  However,  the  optimum  amount 
of  friction  or  damping  effect  of  the  springs  or  of  shock  ab- 
sorbers that  supplement  this  effect  may  be  dependent  on  the 
tires.  The  use  of  tires  that  give  to  the  axle  upward  accelera- 
tions on  impact  with  the  ground,  which  are  comparable  with 
the  downward  accelerations  produced  by  the  springs  and  not 
many  times  greater  than  the  downward  accelerations,  may 
require  an  entirely  different  amount  of  damping  of  the  spring 
action. 

Frame   Stiffness  and   Body   Structure 

The  extent  to  which  the  dimensions  of  the  frame  members 
are  fixed  by  the  excess  loads  placed  upon  them  by  spring 
reactions  is  probably  not  well  known.  If  these  reactions  are 
an  important  factor  in  fixing  the  stiffness  of  the  frames, 
however,  important  changes  in  the  frame  dimensions  and 
design  might  ultimately  result  from  the  adoption  of  the  new 
style  of  tire. 


The  immense  amount  of  effort  that  has  been  put  into  the 
design  of  bodies,  particularly  closed  bodies,  to  keep  them 
quiet  and  intact  under  the  punishment  of  vibration,  suggests 
that  the  body  designers  might  find  some  of  their  worst 
troubles  lessened  or  lost  if  the  tires  would  take  over  a  much 
larger  share  of  the  problem  of  cushioning  road-shocks. 

Weight  in  General 

If  it  should  come  about  that  the  unsprung  weight  can  be 
reduced  by  virtue  of  a  softer  tire-action,  and  particularly  if 
the  stiffness  of  the  frame  and  the  body  work  can  be  reduced 
for  the  same  reason,  there  appears  to  be  a  possibility  of  much 
reduced  car-weights,  together  with  greater  comfort  of  the 
passengers.  We  are  fully  aware  that  the  foregoing  random 
discussion  contains  no  definite  facts  whatever.  Its  object  is 
not  to  present  facts  but  to  suggest  that  the  progress  of  pas- 
senger-car development  during  the  next  few  years,  particu- 
larly if  a  new  and  softer  style  of  tire  is  generally  adopted, 
can  perhaps  be  greatly  hastened  by  a  systematic  investiga- 
tion of  the  several  features  of  design,  some  of  which  are  sug- 
gested above,  that  may  be  radically  influenced  by  changes 
in  the  mechanical  behavior  of  the  tire  equipment. 


SPREAD  IN  PRODUCERS' AND  CONSUMERS'  PRICES 


THE  public,  in  this  country  at  least,  has  grown  to  expect 
such  a  variety  of  goods  and  services  that  more  people 
are  engaged  in  the  secondary  processes  than  are  engaged 
in  primary  production.  To  be  exact,  of  41,614,248  people 
engaged  in  gainful  occupations  in  this  country,  29,570,867, 
or  about  71  per  cent,  are  engaged  in  manufacturing,  trans- 
portation, distribution  and  allied  activities.  In  view  of  these 
figures,  why  regard  it  as  extraordinary  that  the  primary 
producer  gets  less  than  one-half?  The  fact  is  that  we  are 
accustomed  to  a  narrow  meaning  of  the  term  "production." 
The  act  of  transportation  from  one  section  of  the  country 
to  another,  or  of  delivering  from  the  grocery  store  to  the 
kitchen,  is  part  of  the  process  of  producing  the  commodities 
where  they  are  wanted,  and  every  act  of  grading  or  pre- 
paring them  for  market  is  part  of  the  process  of  producing 
them  as  they  are  wanted  by  consumers  who  are  located  at 
more  or  less  distant  points. 

There  is  a  common  theory  that  a  great  number  of  super- 
fluous people  have  interposed  themselves  between  the  pro- 
ducers and  the  consumers,  but  common  observation  sh'  aid 
teach  that  the  buyers  are  always  studying  how  to  get  „o  the 
original  sources  and  procure  their  supplies  as  cheaply  as 
possible.  The  idea  that  goods  may  be  handled  over  and  over 
indefinitely,  with  each  holder  exacting  a  profit  without  ren- 
dering any  service,  is  too  simple  to  be  believed  by  anybody 
who  has  had  much  business  experience. 

The  Joint   Congressional   Commission   of   Agricultural   In- 


quiry finds  that  the  development  of  more  expensive  methods 
and  service  in  distribution  is  in  obedience  to  the  wants  of 
the  public,  and  that  it  is  useless  to  decry  such  methods  if 
the  public  insists  upon  having  them.  The  Commission  sug- 
gests that  one  obvious  point  where  a  start  can  be  made 
is  the  elimination  of  countless  thousands  of  varieties,  kinds, 
styles  and  sizes.  The  stocks  of  goods  offered  consumers  have 
become  multiplied  beyond  all  reason,  necessitating  the  carry- 
ing of  much  larger  stocks  than  are  necessary  on  the  part  of 
dealers,  thus  tying  up  much  material  and  credit,  all  of 
which  has  ultimately  to  be  borne  by  the  consumer.  Never- 
theless, a  dealer  who  has  the  variety  makes  an  appeal  that 
is  persuasive  with  the  average  buyer. 

The  growth  of  cities  is  another  factor  in  higher  costs  to 
their  inhabitants.  The  congestion  of  traffic  and  the  physical 
difficulties  that  attach  to  city  delivery  are  increased  as  popu- 
lation grows. 

The  Commission  attributes  much  of  the  spread  to  the  poor 
market  facilities  for  perishables  that  exist  in  many  Ameri- 
can cities.  The  report  states  that  it  is  the  belief  of  the 
Commission  that  the  lack  of  properly  established  joint  ter- 
minal markets  is  responsible  for  many  of  the  extravagant 
costs  in  the  distribution  of  agricultural  products  and  that 
steps  should  be  taken  by  municipalities,  transportation  com- 
panies and  marketing  agencies  to  create  facilities  for  the 
efficient  handling  and  the  conservation  of  foodstuffs. — Na- 
tional City  Bank. 


AUTOMOTIVE  VEHICLE  INSURANCE 


THERE  are  20,000  motorbuses  in  operation;  600  cities 
have  organized  motorbus  lines.  There  are  60,000  garages 
in  the  country;  55,000  repair-shops;  50,000  passenger-car  and 
motor-truck  dealers.  Six  billion  people  are  carried  annually 
by  motor  cars,  and  over  1,000,000,000  tons  hauled  annually 
by  truck. 

In   rating   cars   from   the    insurance   standpoint   they   are 
divided  roughly  into 

(1)  Private  passenger 

(2)  Commercial 

(3)  Public,  those   used   for  transportation    of   passen- 
gers for  a  consideration 

(4)  Garages 

(5)  Automobile  dealers 

(6)  Manufacturers 

A  private  passenger-automobile  is  any  gasoline  or  steam 
car  of  the  private-passenger  type  used  for  pleasure  or  busi- 


ness purposes.  A  commercial  automobile  is  any  machine  of 
the  truck  or  delivery  type.  This  includes  a  number  of  odd 
classes  such  as  ambulances,  fire-department  automobiles,  in- 
dustrial trucks  and  tractors.  Public  automobiles  include 
any  machine  used  for  carrying  passengers  for  a  con- 
sideration. 

The  average  liability  claim  today  costs  about  $300,  exclu- 
sive of  loading  expenses.  The  average  property-damage 
claim  is  about  $35  or  $40.  The  average  collision  loss  is  about 
$75.  Large  personal-injury  verdicts  are  common  and  war- 
rant selling  limits  on  policies  that  are  larger  than  $5,000  and 
$10,000. 

Automobile  risks  having  10  or  more  machines  under  one 
ownership  and  operating  management  can  have  a  special 
rate  that  is  known  as  an  experience  rate  made,  provided  the 
owner  has  been  insured  for  2  or  more  years  and  provided 
a  premium  has  been  received  on  at  least  10  machines  for  21 
consecutive  months. — O.  M.  Doyle,  Standard  Accident  In- 
surance Co. 
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The  General-Purpose  Farm  Tractor 


By  C.  M.  Eason1 


Chicago  Tractor  Meeting  Paper 


Illustrated  with  Photographs  and  Drawings 


THE  author  divides  the  history  of  the  application  of 
mechanical  power  to  farm  work  into  three  periods, 
reviews  each  one  and  comments  upon  the  various 
phases  of  progressiva  development  that  influence  the 
type  of  tractor  most  desirable  for  satisfying  present 
needs.  The  requirements  of  farm  work  are  outlined, 
and  the  different  types  of  tractor  built  and  being  con- 
structed to  meet  these  demands  are  reviewed,  discus- 
sion of  large  versus  small  tractors,  type  of  drive,  power 
needed,  control,  methods  of  operation  and  the  factors 
constituting  general-purpose  service  being  included. 

So  far  as  adopting  the  tractor  for  farm  usage  is 
concerned,  the  author  believes  that  the  present  lim- 
itation of  such  utilization  lies  with  the  tractor  industry 
and  with  tractor  engineers,  rather  than  with  the 
farmer. 

THE  history  of  the  application  of  mechanical  power 
to  farm  work  can  be  divided  into  three  major 
periods.  The  first,  from  about  1880  to  1910,  covers 
the  practical  use  of  the  steam  engine  for  the  operation 
of  both  grain  separators  and  heavy  plowing.  The  second 
period,  from  about  1900  to  1915,  covers  the  development 
and  evolution  of  the  heavier  type  of  gasoline  or  kerosene 
engine  used  essentially  the  same  as  the  steam  traction- 
engine.  The  third  period  begins  about  1913,  and  the  first 
phase  of  this  ended  in  September,  1920.  We  are  still 
in  this  particular  period,  which  can  be  designated  as  that 
covering  the  light  gasoline-driven  tractor. 

The  first  record  that  we  have  of  a  tractor  or  road  en- 
gine is  covered  by  a  United  States  patent  issued  in 
February,  1817.  This  was  nearly  10  years  before  Steven- 
son ran  the  first  locomotive  and  railroad  train  in  Eng- 
land, and  more  than  10  years  before  the  DeWitt  Clinton 
ran  first  in  this  Country.  Many  other  patents  between 
1817  and  1863  covered  various  schemes  for  road  engines, 
steam  coaches  and  the  like,  none  of  which  amounted  to 
anything  commercially.  The  earliest  record  of  a  steam 
tractor  having  plows  attached  to  it  is  in  a  patent  issued 
in  1856.  It  was  not,  however,  until  the  Country  had  be- 
gun to  recover  from  the  effects  of  the  Civil  War,  that  is, 
in  the  1870s,  that  any  practical  application  of  steam 
power  was  made  to  farming  operations. 

This  first  application  consisted  of  utilizing  a  portable 
steam  engine,  such  as  was  being  used  at  that  time  for 
operating  small  sawmills.  The  engine  was  belted  to  a 
grain  separator  or  threshing  machine  which,  at  that  time, 
was  being  operated  principally  with  horse  tread-mills  or 
horse  sweep-powers.  J.  B.  Bartholomew,  of  the  Avery 
Co.,  says  that  these  portable  threshing-machine  engines 
were  fairly  common  in  central  Illinois  in  1879,  and  that  a 
considerable  demand  developed  among  the  users  for  a 
machine  that  would  be  self-propelling.  The  following 
year,  1880,  several  of  these  self-propelled  tractors  were 
brought  out.  The  first  ones  consisted  of  a  suitable  gear- 
ing for  the  rear  wheels,  and  a  belt  drive  from  the  engine 
flywheel  to  the  countershaft  of  this  gearing.  A  tongue 
was  connected  in  front,  and  a  team  of  horses  was  used  to 
guide  the  rig.     That  year  marked  the  use  of  the  first 


Fig.  1- 


-The  Original  Wysong  &  Eason  Tractor  Pulling  Six 
14-In.   Plows  in  Buffalo  Grass  Sod 


100  self-propelled  steam-engines  in  the  United  States, 
and  is  therefore  taken  as  the  beginning  of  the  steam- 
engine  era  of  power  farming. 

The  invention  and  perfecting  of  a  steering-gear,  a 
patent  for  which  was  issued  in  1880,  and  later  the  intro- 
duction of  a  clutch  and  gear  train  between  the  engine  and 
the  driving  wheels  together  with  a  number  of  detail  pat- 
ents relating  to  compensating  gears,  mountings  and  the 
like,  marked  the  early  stages  in  the  evolution  of  the  steam 
traction-engine.  The  main  idea  of  these  early  designers 
was  to  develop  a  threshing  engine  that  would  be  able  to 
propel  itself  and  pull  a  separator  along  with  it  from  one 
farm  to  another.  The  manufacturers,  however,  had  not 
much  more  than  perfected  the  steam  engine  so  that  it 
would  do  this  satisfactorily  when  the  owners  in  several 
parts  of  the  Country  began  hooking  plows  on  behind  the 
efr^  e  and  attempting  to  do  plowing  when  they  were  not 
engaged  in  threshing.  Some  of  these  earlier  attempts 
merely  made  use  of  the  horse-drawn  walking-plow,  and 
required  one  man  for  each  plow  in  addition  to  two  men 
to  run  the  engine.  From  this  beginning  it  was  only  a 
step  to  hooking  up  horse-drawn  sulky-plows  behind  the 


Fig.  2- 


M.S.A.E. — Vice-president,   Samson  Tractor  Co.,  Janesville.  Wis. 


-The  Bull  Tractor  at  the  1916  National  Tractor 
Demonstration 
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Fig.   3 — The  Case  Tractor  Rated  at  12  to  20  Hp. 

steam  engine  and,  about  1898,  the  first  special  engine- 
drawn  gang-plows  were  built. 

About  1890  to  1892,  it  was  a  marvel  to  see  a  steam  en- 
gine plow;  and  it  was  then  that  I  saw  the  first  steam 
plowing-rig  in  southwest  Kansas;  but,  by  1902,  there 
were  30  steam  plowing  outfits  in  Meade  County,  Kan. 
Many  of  these  were  the  largest,  heaviest  compound  steam 
tractors  ever  built,  and  most  of  them  pulled  plows  made 
up  of  an  especially  heavy  three-bottom  unit,  hitched  be- 
hind a  long  beam  that  was  attached  to  the  engine  by  log 
chains  and  steel  cables.  Two  men  for  the  engine  itself 
and  usually  two  or  three  plow-tenders  were  required  to 
keep  one  of  these  outfits  going.  Besides  this,  it  required 
a  man  and  team  to  haul  coal  and  one  or  two  teams  with 
tank  wagons  to  haul  water.  I  know  this  definitely  be- 
cause I  once  had  a  job  on  a  tank  wagon  trying  to 
haul  water  enough  to  a  Reeves  compound  32-hp.  engine 
that  was  pulling  12  plow-bottoms.  It  also  required  the 
services  of  another  man,  team  and  plow  to  keep  the 
corners  plowed  out.  These  big  steam  rigs  worked  very 
well  and  showed  a  profit  on  their  large-scale  operation 
so  long  as  they  had  virgin  sod  to  work  on;  but,  after  the 
ground  had  been  turned  up  and  in  wheat  for  two  seasons, 
they  were  not  so  satisfactory  for  the  second  plowing,  al- 
though the  use  of  steam  tractors  continued  for  several 
years  after  the  time  of  which  I  speak,  and  they  are  in 
use  in  some  sections  even  at  present. 

The  production  of  steam  traction-engines  reached  its 
maximum  about  1910,  and  has  since  declined  because  the 
field  formerly  covered  by  these  rigs  was  taken  over  by  the 
heavier  and  larger  sizes  of  gasoline  and  kerosene-burn- 


Fig.  4 — The  1923  Model  Wallis  Tractor 


ing  tractors.  From  a  maximum  production  of  14,000  in 
1910,  steam  traction-engine  production  has  dropped  until 
there  are  probably  not  more  than  500  to  600  made  each 
year  at  present. 

Internal-Combustion-Engine  Application 

The  limitations  of  the  steam  tractor  for  plowing  work 
became  apparent  almost  as  soon  as  it  was  started,  and 
many  inventors  turned  their  minds  toward  adapting  the 
internal-combustion-engine  to  this  class  of  service.  Some 
machines  of  this  type,  making  use  of  a  steam-tractor  run- 
ning-gear and  a  stationary  type  of  gasoline  or  kerosene 
engine,  were  built  in  1900.  It  was  not  until  about  1907 
that  the  first  100  successful  gasoline-driven  tractors  were 
actually  in  use  in  this  Country.  From  1908  to  1915  the 
development  of  the  heavy  gasoline  tractor  was  extremely 
rapid,  and  some  spectacular  successes  and  failures  are 
on  record  covering  this  period.  The  first  national  trac- 
tor demonstration  held  in  the  United  States  was  at  Fre- 
mont, Neb.,  in  1912.  At  this  demonstration  the  gasoline- 
driven  tractor  predominated.  There  were  a  few  steamers 
on  exhibition,  but  it  was  plainly  to  be  seen  that  the  chief 
interests  centered  on  the  gasoline  and  the  kerosene- 
engine  job.  By  1913,  however,  the  large-tractor  boom 
had  reached  its  maximum  proportion,  and  1914  marked 
the  beginning  of  the  end  of  this  era  of  development.  It 
also  marked  'the  beginning  of  the  third  era  that  of  the 
small  gasoline-driven  tractor. 

Light  Tractor 

The  ideas  underlying  these  different  eras  had  their  in- 
ception long  before  the  machines  were  accepted  by  the 
public  and,  in  the  same  way,  the  light-tractor  idea  had 
been  working  for  many  years  before  it  actually  was 
commercialized.  In  1903,  after  my  experience  in  hauling 
water  and  swabbing  flues  for  the  steam-tractor  rigs,  I 
concluded  that  what  we  wanted  was  not  a  big  clumsy 
outfit  for  custom  threshing  and  plowing,  but  a  little, 
light,  cheap,  versatile  tractor  that  every  farmer  could 
own  individually  and  do  what  he  pleased  with.  Ansel  S. 
Wysong  was  the  chief  instigator  in  developing  these 
schemes..  We  came  to  the  conclusion  more  or  less  jointly 
that  the  tractor  was  our  one  certain  road  to  fame  and 
fortune.  We  had  not  only  worked  on  the  steam  outfit, 
but  were  assiduous  readers  of  technical  periodicals  and 
persistent  gatherers  of  catalogs  and  printed  information 
put  out  by  the  early  motor-car  builders.  We  therefore 
felt  qualified  to  design  a  farm  tractor. 

We  decided  that  we  wanted  a  machine  weighing  not 
more  than  2  tons,  that  would  pull  three  14-in.  plow-bot- 
toms and  that  could  be  sold  profitably  for  $750.  Our 
first  effort  embodied  the  brilliant  idea  of  dispensing  with 
one  rear  wheel,  and  the  consequent  cost  and  complication 
of  a  differential  gearing.  We  worked  out  a  simple  spur- 
gear  and  chain  drive  to  connect-up  our  one  drive-wheel 
with  a  two-cylinder  two-cycle  vertical-engine,  purchased 
from  the  Cushman  Engine  Co.,  at  Lincoln,  Neb.  Our 
first  tests  with  this  machine  occurred  in  October,  1904, 
in  a  potato  field  near  Topeka,  Kan.  We  were  out  in  the 
field  for  2  days,  and  then  decided  that  one  drive-wheel 
was  not  sufficient;  consequently,  we  made  the  job  over. 
Using  the  same  engine,  we  built  an  additional  rear  wheel, 
got  a  differential  and  some  more  chain  and  provided  a 
single  steering-wheel  in  front,  mounted  on  a  turnable 
arrangement.  We  finished  the  job  that  winter  and,  by 
the  spring  of  1905,  had  it  down  in  our  southwest  Kansas 
home  for  a  practical  tryout  on  a  farm.  We  had  deter- 
mined previously,  by  using  a  home-made  dynamometer, 
that  only  300  to  400  lb.  drawbar  pull  was  needed  for  one 
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14-in.  plow  at  the  depths  ordinarily  plowed  in  south- 
west Kansas:  that  is  3  or  4  in.  We  figured  it  was  mere 
boys'  work  to  determine  that  a  15-hp.  engine  was  much 
more  powerful  than  would  be  needed  to  propel  a  4000-lb. 
tractor  and  draw  three  14-in.  plows  behind  it.  However, 
when  we  got  this  machine  out  in  the  field,  the  best  we 
could  do  was  draw  two  plows,  and  those  not  any  too  well. 
We  did,  however,  plow  about  40  acres  that  spring  and 
double-disced  120  acres,  seeding  it  to  barley  in  a  third 
operation.  At  harvest  time  we  purchased  a  6-ft.  binder 
and,  by  using  two  operators,  cut  the  entire  120  acres  of 
barley  with  a  reasonable  degree  of  satisfaction;  but  only 


Fig.  5 — The  Twin  City  12-20  HP.  Tractor 

by  much  night  work  to  keep  the  machine  in  running 
order.  We  later  put  on  a  two-cylinder  apposed  four 
cycle  engine,  made  by  the  Brennen  Engines  Co.  This 
had  about  20  hp.  and  pulled  three  plows  very  satisfac- 
torily. At  one  time  just  for  a  stunt  we  pulled  six  14-in. 
plows  with  this  rig,  as  shown  in  Fig.  1. 

When  we  tried  to  organize  a  company  for  the  construc- 
tion of  the  tractor,  we  found  that  we  could  not  interest 


Fig.  6 — The  McCormick-Deehing   15-30  Hr.  Tractor 

anyone  in  our  project  unless  we  agreed  to  make  a  "real" 
tractor  that  would  pull  10  or  12  plows;  consequently,  we 
agreed  to  make  one.  But  we  failed  after  two  years  of 
heartbreaking  work,  simply  because  we  did  not  have 
technical  knowledge  enough  to  carry  our  designs  through 
to  a  final  conclusion. 

The  first  machine  to  be  put  on  the  market  in  any  sig- 
nificant quantities  was  the  Bull  tractor,  which  was  started 
in  a  small  way  about  1912,  but  was  really  not  heard  of 


FiQ.   7 — The  Avery   15-30   Hp.  Tractor 

until  it  took  the  Country  by  storm  in  1915.  Several  thou- 
sand of  these  tractors  were  built  in  the  original  model, 
illustrated  in  Fig.  2. 

The  commercial  success  of  the  Bull  tractor  had  a  tre- 
mendous influence  on  the  tractor  industry  and,  by  1916, 
there  were  165  different  companies  in  this  Country  at- 
tempting to  duplicate  its  success  with  the  small  tractor. 
In  my  paper  on  the  Farm  Tractor,1'  presented  before  the 
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Fir.,  is — The  Holt  T-35  Tractor 

Society  in  1916,  I  gave  a  resume  of  the  tractors  then  on 
the  market.  It  is  interesting  to  note  that,  of  the  32  ma- 
chines that  I  selected  to  illustrate  this  presentation,  only 
three  are  on  the  market  today,  unchanged  from  their 
original  form,  except  for  detail  refinement  and  improve- 
ment. These  are  the  Rumely,  the  Avery  and  the  Ault- 
man-Taylor,  all  of  the  large  type  laid  down  originally  to 
take  the  place  of  the  steam  threshing-engine.  Four  or 
five  others  of  the  machines  presented  at  that  time  are 
very  nearly  the  same  now  as  then ;  these  are  the  Lauson, 
Waterloo  Boy,  Avery  8-16,  Gray  wide-drum  drive,  and 
Holt  45  caterpillar.  Changes  from  the  originals  of  these 
models  are  sufficient  to  call  them  new  machines,  but  they 


>  See  Transactions,  vol.   11,   part   2,   p.    363. 


Fig.   9 — The  Avery   Track  Runner  Tractor 
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Fu;.    in — Cultivating   Corn   with   a   Power  Cultivator  Having  a 
Triangular   Arrangement  of   the    Whehls 

are  practically  the  same  design  as  formerly.     All  of  the 
other  machines  shown  7  years  ago  are  extinct. 

In  the  place  of  the  heterogeneous  constructions  of 
1916,  there  has  arisen  during  the  past  few  years,  and 
more  particularly  in  the  last  three  years,  a  very  decided 
acceptance  of  the  two-rear-wheel  drive,  four-wheel  type 
of  tractor  as  exemplified  by  the  Foi-dson,  Wallis,  Minne- 
apolis, the  new  I.H.C.  15-30  and  the  Avery  15-30.  The 
caterpillar  type  of  tractor  has  also  come  to  be  accepted 
as  meeting  the  requirements  for  a  special  machine,  par- 
ticularly on  commercial  work  such  as  road  building  and 
the  like.  The  modern  line  of  Holt  machines,  the  10-ton, 
5-ton  and  T-35  models,  brought  out  since  the  war  the 
new  Avery  Track  Runner  and  the  latest  Bates  Crawler 
Drive  are  representative  of  this  type  of  machine.  Figs. 
3  to  9  inclusive  show  this  evolution. 

Power  Cultivators 

It  is  rather  difficult  to  say  whether  the  general  accep- 
tance of  the  conventional  tractor  is  due  to  the  fact  that 
this  is  inherently  the  best  type  of  tractor  for  farm  use, 
or  whether  the  spectacular  commercial  success  of  the 
Fordson  tractor  has  not  served  to  crystallize  the  type 
more  than  any  other  one  factor.  Whatever  the  reason, 
the  light  tractor  that  shows  clearly  the  effects  of  auto- 
motive engineering  does  predominate,  and  has  been  ac- 
cepted as  standard  and  conventional  by  the  farming 
public.  Everyone,  however,  with  the  possible  exception 
of  Mr.  Ford,  is  ready  to  admit  that  the  conventional  type 
of  tractor  has  its  limitations  and  that  all  the  farm  work 
on  all  the  farms  all  over  the  United  States  cannot  by 
any  means  be  accomplished  by  the  four-wheel,  rear- 
wheel-drive  type  of  tractor  as  made  at  present.  That  it 
performs  its  functions  effectively  and  efficiently,  within 
the  limitations  of  its  type,  cannot  be  questioned.  As  a 
drawbar  power-machine  for  plowing  and  discing,  these 
tractors  are  very  successful  and  within  the  limit  of  their 
engine  capacity  they  are  very  satisfactory  for  belt  work. 
There  is  a  decided  tendency  toward  individually  owned 
small  grain  separators,  ensilage  cutters,  wood  saws  and 
the  like,  and  these  lighter  tractors  of  the  two  and  three- 
plow  capacity  take  care  of  this  kind  of  machinery  in  good 
shape.  On  the  diversified  farms,  where  row  crops  as 
well  as  small  grains  are  raised,  there  are  actually  more 
hours  of  work  per  year  to  be  done  in  cultivating  and  in 
the  numerous  odd  jobs  now  taken  care  of  by  horses,  than 

See  Department  of  Agriculture  Bulletin  No.   il':h'..  City  of  Wash- 
ington. 


there  are  hours  of  work  at  plowing,  discing  or  belt  work. 
This  condition  is  summed  up  very  neatly  by  the  United 
States  Department  of  Agriculture"  as  follows : 

The  construction  of  most  four-wheel  and  crawler- 
type  tractors  is  such  that  they  are  not  satisfactory  for 
cultivating  corn.  When  such  a  machine  is  bought,  the 
number  of  horses  that  will  be  necessary  to  retain  is 
the  maximum  required  for  the  cultivation  of  corn  and 
for  other  work  coming  at  the  same  time.  .  .  .  If  the  corn 
is  to  be  cultivated  with  horses,  it  will  usually  be  neces- 
sary to  retain  at  least  one  horse  for  each  20  acres  of 
corn. 

These  facts,  which  are  fairly  well  recognized  by  most 
tractor  builders,  have  led  to  the  development  of  a  con- 
siderable variety  of  motor  cultivators  intended  to  sup- 
plement rather  than  replace  the  conventional  tractor  on 
the  corn-belt  farms.     Everyone  familiar  with  the  indus- 
try knows  the  relative  importance  of  row  crops  to  the 
small  grain  crops  of  the  Country,  and  is  therefore  keenly 
alive  to  the  necessity  of  developing  machines  that  wiil 
take  care  of  the  work  that  must  be  done  effectively  and 
efficiently.     Building  a  power  cultivator  is  as  different 
from  building  a  light  tractor  as  a  light  tractor  is  dif- 
ferent from  a  heavy  tractor.    The  problems  to  be  solved 
in  the  power  cultivator  may  appear  easy  at  first  glance 
but,  after  one  gets  into  the  subject,  there  seem  to  be 
many    limitations    of    an    entirely    unsuspected    nature. 
Tractor  engineers  have  had  the  problem  in  mind  for  a 
long  time,  but  it  was  not  until  about  1917  that  power 
cultivators,  as  such,   were  offered  to  the  public  by  re- 
sponsible manufacturers.    Some  of  these  earlier  machines 
are   typified   by   the    Avery,    Bailor,    Emerson-Branting- 
ham,  Rock  Island  and  Parrett  cultivators.     All  of  these 
were  three-wheel  machines ;  that  is,  they  had  their  wheels 
disposed  in  a  triangle,  with  one  wheel  between  the  center 
corn  rows  and  set  ahead  of  the  driving  wheels,  which 
were  between  the  outside  corn  rows.     They  all  carried 
two-row   cultivators,    and   were   recommended  for   culti- 
vating only.   Fig.  10  shows  this  type  of  power  cultivator. 
For  some  years  prior  to  1918,  William  Springer  was 
working  on  the  problem   of  power  cultivation   and   de- 
veloped a  machine  that  he  called  the  Jim  Dandy.     This 
was  a  four-wheel-drive  affair  with  a  very  short  wheel- 
base  and  a  very  wide  tread,  relatively.     It  was  steered 
the  same  as  a  Muley-type  caterpillar;  that  is,  by  chang- 
ing the  speed  of  either  set   of   wheels,   by  declutching 
and  applying  a  brake  to  the  side  around  which  it  was 
desired  to  turn.     Mr.  Springer  used  a  belt  drive  on  his 
original  machine  because  this  gave  him  a  very  simple 
forward  and  reverse  control  and  the  belts  also  served 
in  the  place  of  clutches  by  using  a  belt  tightener  or  idler 
to  apply  tension.     In  the  original  machine  built  by  Mr. 
Springer,  there  was  no  intention  of  carrying  the  develop- 
ment beyond  a  simple  light  cheap  power-cultivator,  for 
utilizing  a  two-row  cultivator  and  a  corn-planter  attach- 
ment, the  latter  arrangement  being  illustrated  in  Fig.  11. 
The    idea    was    purchased    from    Mr.    Springer    by    the 
General  Motors  Corporation  in  1918,  and  some  further 
development  work  was  done  on  the  job  with  the  idea 
of  making   it   a   universal   or  general-purpose   machine. 
It  was  christened  the  Samson  Iron  Horse  and  some  1500 
or   1600  of  the  machines   were  built   according  to  the 
revised  design  and  distributed  to  farmers.    It  was  found, 
however,  that  there  were  certain  mechanical  limitations 
to  the  design  and  some  inherent  difficulties  with  the  belt 
drive  which,   for  a  general-purpose  machine,   made   the 
scheme    undesirable ;    consequently,    it    was    abandoned. 
Another   machine   that   belongs    in   the   two-row-culti- 
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vator  class  is  the  Toro.  In  this  machine,  the  driving 
wheels  are  set  ahead  of  the  cultivator  shovels  and  piv- 
oted, with  a  universal-joint  drive  so  that  they  can  be 
steered.  The  drive-wheels  are  set  two  rows  wide,  and 
the  third  point  of  support  is  behind,  between  the  center 
rows.  For  straight  going  down  the  corn  rows,  the 
trailing  wheels  are  locked  in  position  and  all  steering  is 
done  by  the  leading  drive-wheels.  When  the  end  is 
reached  the  trailer  wheels  are  unlocked,  are  allowed  to 
swing  free  and  a  differential  brake  is  applied  to  the  in- 
side drive-wheel;  whereupon,  the  whole  rig  turns  around 
one  wheel  and  is  ready  to  come  back  in  the  adjacent  corn 
row.  It  is  claimed  that  there  is  a  considerable  advan- 
tage in  the  additional  flexibility  of  the  unit  when  built 
in  this  manner  and.  further,  that  there  are  many  other 
operations  that  can  be  done  successfully  with  this  type  of 
machine  around  the  farm.  In  addition  to  handling  cul- 
tivator shovels  of  all  sorts,  and  there  is  an  infinite  variety 
of  these  to  be  taken  care  of,  this  machine  is  arranged  to 
operate  a  middle  buster  or  corn  lister  and,  due  to  the 
spacing  and  arrangement  of  the  wheels,  it  takes  care  of 
this  operation  very  satisfactorily.  A  two-row  corn- 
planter  attachment  has  been  applied  to  the  machine  and 
also  a  mowing-machine  cutter-bar.  With  these  different 
attachments,  the  Toro  cultivator  merges  into  the  general- 
purpose  type  of  tractor.  Two  views  giving  some  idea 
of  the  versatility  of  this  machine  are  reproduced  in 
Fig.  12. 

In  summing  up  this  subject  of  the  conventional  type 
of  tractor  supplemented  by  a  motor  cultivator,  it  would 
seem  that  the  combination  is  thoroughly  justified  for 
corn-belt  farms  of  more  than  160  acres,  and  is  one  that 
will  be  maintained  for  many  years  to  come.  Table  1  sub- 
mitted through  the  courtesy  of  the  Avery  Co.,  shows 
what  can  be  done  on  a  large  corn-belt  farm,  oper- 
ating on  the  recommended  three-year  rotation  basis,  with 
120  acres  of  corn  and  60  acres  of  oats  for  each  year's 
crop.  The  time  is  figured  on  the  basis  of  a  three-plow 
tractor  for  plowing  and  discing,  and  a  two-row  cultivator 
for  planting,  harrowing  and  cultivating  corn.  The  time 
required  for  the  different  operations  and  the  date  at 
which  these  operations  must  be  carried  out  to  be  most 
effective  in  central  Illinois  are  stated  in  Table  1. 

Table  1  gives  a  total  of  61  days  for  one  man,  spread 
over  a  period  of  3  months  and  10  days,  and  brings  both 
the  oats  and  corn  up  to  the  time  of  harvest.  If  this 
method,  which  is  entirely  possible,  is  contrasted  with 
that  usually  employed  for  the  same  acreage,  using  men 
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Fig.   i  i— a  Two-Row  Cultivator  and  Corn-Planter  Combination 

and  horses  for  all  of  this  work,  it  will  be  seen  readily 
that  there  are  both  an  advantage  and  a  profit  in  doing 
the  work  with  the  tractor  and  the  cultivator.  To  dupli- 
cate this  using  horses,  instead  of  tractors,  would  require 
three  or  four  men  to  accomplish  the  same  amount  of 
work  as  one  man  can  do  with  the  motorized  equipment. 


TABLE     1 — THREE-PLOW     TRACTOR     AND     TWO-ROW     CULTI- 
VATOR  WORK   REQUIRED   ON    A    160-ACRE   CENTRAL   ILLINOIS 
FARM 

Time 
Required, 

Kind  of  Operation  Days 

Double-disc  60  aei'es,  four-row         3 
Drill-in  60  acres  of  oats  3 

Plow  120  acres  for  corn  12 

Double-disc  and  harrow  the 
plowed  ground  in  one  op- 
eration 5 


Date 

April  1  to  7 
April  1  to  7 
April  17  to  30 
April  24  to  30 
or 
May  1  to  7 


Total  time,  three-plow  tractor       23 


May  8  to  14         Plant   corn,    using   motor-cul- 
or  tivator  and  corn-planter  at- 

May  15  to  21  tachment 

May  25  to  31        Harrow  after  planting,  using 
motor-cultivator     and     peg- 
tooth  harrow  covering  four 
rows 
June  1  to  Julv  10 — Cultivation  : 
First 
Second 
Third 
Fourth 

Total  time,  motor-cultivator 


8 
7 
6 
6 

38 


Fig.  12 — Two  Views  Showing  the  Versatility  of  One  Type  of    Two-Row    Cultivator 
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Fio    1?. — A  Tractor  Equipped  with  a  Corn  Binder 

Since  the  corn,  hog  and  cattle  combination  has  proved  to 
be  a  more  profitable  method  of  farming  than  to  specialize 
on.  grain  alone,  the  three-plow  tractor  and  the  motor 
cultivator  on  farms  large  enough  to  support  the  invest- 
ment is  a  labor-saving  combination,  and  already  has 
proved  profitable  to  farmers  who  have  been  doing  their 
work  in  this  manner. 

General-Purpose  Machinery 

There  is  some  question  as  to  whether  farms  of  less 
than  160  acres  can  be  made  profitable,  but  the  fact  re- 
mains that  more  than  one-half  of  all  the  farms  in  this 
Country  are  in  quarter-section  sizes  cr  less.  While 
many  of  these  quarter-section  farms  could,  because  of 
favorable  location  and  gcod  management,  support  the 
investment  in  a  three-plow  tractor  and  two-row  culti- 
vator, it  is  doubtful  if  this  much  equipment  would  prove 
profitable  throughout  the  Country  as  a  w'no'.e.  There  is, 
therefore,  a  considerable  volume  of  business  to  be  had 
for  a  machine  that  will  farm  the  smaller  units,  averag- 
ing 100  acres  per  farm,  profitably. 

Recognizing  this  potential  market,  many  attempts 
have  been  made  to  combine  in  one  machine  the  ability 
to  both  plow  and  cultivate  and  do  as  many  other  of  the 
farm  operations  as  may  be  possible,  with  one  power- 
plant.  A  tractor  designed  along  this  line  is  usually  called 
a  general-purpose  tractor.  Tne  machines  in  this  class 
that  have  already  been  put  on  the  market  can  be  divided 
into  three  general  classes,  with  some  minor  variat-ons. 
First,  the  two-wheel  front-drive,  of  which  the  Hoke,  Mo- 
line  and  Allis-Chalmers  are  representative.  Second,  the 
crawler  type,  such  as  the  Bates,  Bean  Spray  Pump  and 
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Fia   H — The  Fl'.nk  Cultiflow  That  Was  Exhibited  at  the  1917 
Tr  utoh  Demonstration 


Cleveland.  Third,  the  four-wheel  straddle  type  with  a 
high  center  clearance,  such  as  the  LaCrosse  Model  M, 
the  Parrett  Cultor  and  the  Rock  Island  plow  tractors. 

The  Hoke  tractor  was  one  of  the  earliest  attempts  to 
combine  in  one  tractor  the  ability  to  handle  all  farm 
implements  pulled  by  two  or  three  horses.  The  first  of 
these  were  built  privately  in  1912  and  1913.  This  tractor 
is  now  known  as  the  Indiana  and  is  shown  in  Fig.  13  at 
work  binding  corn.  The  following  is  quoted  from  a  letter 
received  March  13,  1923,  from  the  Indiana  Silo  &  Trac- 
tor Co. 

This  tractor  is  constructed  on  the  theory  that  a  trac- 
tor to  be  an  economical  proposition  must  more  thor- 
oughly replace  horses  than  does  the  ordinary  four- 
wheel  type.  It  is  possible  with  this  construction  to 
handle  every  crou  operation  on  a  corn-belt  farm,  or 
even  on  a  cotton-belt  farm,  without  the  use  of  horses. 
.  .  .'.We  wish  to  call  attention  also  to  the  fact  that  the 
tractor  is  used  with  the  ordinary  farm  implement  which 
the  farmer  has  been  using  with  horses,  so  that  no  extra 
farm  equipment  is  neces-ary  with  this  tractor,  except 
a  plow.  We  have  cuitomers  opeiating  160-acre  farms 
completely  with  this  tractor  and  a  single  team  of 
horses,  the  horses  being  used  for  whatever  wagon  work 
is  necessary,  but  not  on  the  crop  operation.  We  have 
about  1600  of  these  tractors  in  the  field. 

There  is  some  question  as  to  whether  Mr.  Hoke  or 
T.  B.  Funk  was  the  first  to  experiment  with  the  two- 
wheel  front-drive  type  of  machine.  Both  men,  working 
independently,  arrived  at  about  the  same  conclusion. 
Mr.  Funk's  experience  is  rather  interesting.  His  first 
tractor  was  built  of  a  pair  of  mowing-machine  wheels 
and  the  engine  from  his  motorcycle.  He  provided  the 
job  with  a  pair  of  plow  handles,  the  idea  being  that  a 
man  could  walk  along  behind  and  guide  the  machine  and 
the  cultivator  shovels  or  plow.  So  far  as  is  known,  this 
particular  machine  antedates  all  of  the  so-called  garden- 
tractors,  a  considerable  number  of  which  are  now  on  the 
market.     Mr.  Funk  says: 

The  first  mach:ne  was  built  down  at  Yukon,  Ok!a., 
and  was  made  up  of  a  motorcycle  engine  and  some 
mowing  machine  wheels  and  a  little  bicycle  chain 
and  some  sprockets.  The  object  was  to  determine 
whether  the  thing  would  work  and  if  not,  why.  No 
data  were  available  relative  to  drawbar  require- 
ments, the  horsepower  needed  or  anything  else,  for 
that  matter.  The  cobbled-up  job  seemed  to  "point  the 
way,"  so  *  *  *  I  came  up  to  Indianapolis  and  laid 
down  a  paper  job  with  a  motorcycle  engine  but  with 
the  worm  drive  and  a  regular  transmission  system  all 
enclosed  Th:s  job  proved  to  be  too  light  to  do  much 
work.  However,  it  was  easily  steered  and  by  that  I 
mean  comparatively  easy,  but  it  was  not  string  enough. 
When  we  made  it  more  powerful  and  put  in  enough 
weight  to  utilize  the  power  it  became  too  heavy  to 
steer  manually.  The  natural  thing  to  do  then  was  to 
change  the  steering,  and  in  this  development  it  soon 
became  appai-ent  that  the  operator  might  as  well  ride 
as  not,  so  we  put  him  on  the  implement  because  there 
was  no  room  for  him  any  other  place. 

The  second  machine  was  an  air-cooled  engine,  the 
third  a  single  water-cooled  cylinder  and  the  fourth  a 
twin  V  engine.  The  fifth,  which  was  the  Cultiplow 
shown  in  Fig.  14,  was  a  two-cylinder  opposed  en- 
gine, and  the  sixth  the  four-cylinder  job  as  it  is  now 
made  by  the  Moline  Plow  Co. 

The  Allis-Chalmers  Mfg.  Co.  also  makes  a  two-wheel 
front-drive  tractor,  illustrated  in  Fig.  15.  Its  machine, 
however,  is  considerably  lighter  than  the  Moline  tractor 
and  differs  from  it  principally  in  details  of  construction. 
An  experiment  that  J.  F.  Max  Patitz  of  the  Allis-Chalm- 
ers Co.   tried   is   rather   interesting.      This   consisted   of 
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taking  two  of  the  regular  jobs,  hitching  them  together 
back  to  back,  as  shown  in  Fig.  16,  and  driving  them  in  one 
direction  as  a  single  unit.  In  this  manner  it  was  possible 
to  get  a  machine  that  one  man  could  operate  and  that  was 
capable  of  pulling  a  three-bottom  plow  under  ordinary 
conditions;  otherwise,  it  would  take  two  men  and  two 
single-bottom  16-in.  plows.  There  is  possibly  an  idea  in 
this  experiment  that  is  capable  of  further  development. 
There  is  no  particular  difficulty  in  getting  two  separate 
engines  to  operate  together  and,  if  one  started  out  with 
the  idea  of  making  a  two-engine  four-wheel-drive  tractor 
capable  of  being  broken-up  into  two  units,  each  of  which 
could  be  used  for  cultivating,  the  result  might  be  a  very 
satisfactory  solution  of  the  farm-power  problem.  It 
would  at  least  follow  along  the  line  of  present  practice 
with  horses,  where  five  or  six  horses  are  used  on  a  two- 
bottom  plow  and  only  two  horses  on  a  single-row  culti- 
vator. 

Cultivation  Obstacles 

S.  L.  Allen  &  Co.,  Inc.,  of  Philadelphia,  also  did  much 
work  with  the  two-wheel  front-drive  type  of  tractor,  de- 
signed for  cultivating  and  plowing.     Although  their  ex- 
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perience  resulted  in  their  deciding  to  give  up  the  idea, 
so  far  as  they  themselves  are  concerned,  their  conclusion 
as  outlined  in  a  letter  from  C.  J.  Allen,  is  of  interest. 

Our  original  idea  in  build'ing  a  tractor  was  to  design 
and  manufacture  one  that  would  primarily  be  a  culti- 
vator, not  too  large  nor  too  small,  nor  too  cheap,  and 
handle  the  large  row  crops,  such  as  corn,  potatoes, 
beans,  beets,  etc.  After  analyzing  the  situation  the 
two-wheel  type  seemed  to  have  the  best  possibilities  as 
a  cultivator  unit  and  at  the  same  time  the  advantages 
of  being  adapted  to  plowing,  discing,  fitting,  seeding, 
harvesting,  hauling,  etc.  From  the  endless  number  of 
jobs  such  a  machine  could  accomplish,  it  appeared  to 
us  it  would  make  an  ideal  one-man  general-purpose 
tractor  and  take  care  of  all  the  woik  on  small  farms 
from  25  to  75  acres;  and,  in  addition,  be  right  for  light 
work  on  any  large  farm  for  the  same  purposes.  With 
the  wheels  adjustable  to  36,  40  and  44  in.  to  give  as 
much  plant  clearance  as  any  light-weight  tractor  of 
2600  lb.  with  wheels  44  in.  in  diameter  and  a  7-in.  face, 
a  reasonable  turning  radius,  a  Le  Roi  engine  and  Hyatt 
bearings  throughout,  combined  with  a  single  and 
double-row  cultivator,  the  job  looked  very  easy.  In 
addition  to  these  features  the  market  for  this  type  was 
large  and  the  cultivating  not  unlike  that  of  the  past. 

Our  tractor,  which  is  illustrated  in  Fig.  17,  was  de- 
veloped with  the  assistance  of  the  Hyatt  Roller  Bear- 
ing and  the  McVicker  Engineering  companies  in  a 
very  neat  and  complete  form  and  apparently  was  capa- 
ble of   accomplishing  everything  on   the   farm.      Plow- 


Fio.   lti — A  Duplex  Tractor  Made   Up  of  Two  of  the  Units 
Shown  in  Fig.   15 

ing  proved  easy  under  favorable  conditions;  in  sandy 
soil  not  so  good;  in  hard  clay  there  was  scarcely  enough 
power,  and  on  slight  grades  or  poor  traction  a  faHure. 

The  plow  was  not  all  that  could  be  desired.  It  was 
difficult  to  hitch  up  properly  and  dangerous  for  the 
operator's  feet  when  it  lifted  out  of  the  furrow,  and  it 
required  a  number  of  depth  adjustments  throughout 
the  field.  If  the  wheels  of  the  plow  were  larger  and 
had  wide  tires  the  discs  and  harrows  could  be  attached 
to  the  rear  of  the  plow  and  the  ground  fitted  for  seed- 
ing without  makmg  any  change.  The  present  weight 
of  the  plow  and  the  operator,  combined  with  the  thrust 
of  the  tractor  beam,  made  the  above  hitch  impractica- 
ble. Removing  the  plow  and  replacing  the  rear  car- 
riage on  the  tractor  is  hard  work  and  requires  two  men 
to  do  the  work  satisfactorily.  If  all  the  plowing,  fit- 
ting and  seeding  could  be  done  without  any  change  of 
the  plow  considerable  time  could  be  saved  while  putting 
in  the  crops.  In  some  cases,  of  course,  it  might  be 
necessary  to  put  the  cultivator  on  before  all  the  ground 
was  seeded.  If  plowing  was  all  finished  the  cultivator 
would  answer  as  a  carriage  for  discing  and  preparing 
the  seed  bed,  as  the  tool  bars  could  be  removed  if  in 
the  way. 

Our  principle  of  two-row  cultivation  has  always  been 
to  straddle  and  cultivate  thoroughly  the  center  row  and 
finish  half  of  the  -row  on  either  s:de.  This  is  practical 
when  two  and  four  rows  are  planted  at  a  time  and  has 
the  advantage  that  it  can  be  used  as  a  one  or  two-row 
cultivator  by  removing  the  outside  teeth,  which  is  very 
helpful  in  early  cultivations.  The  same  principle  was 
followed  out  in  the  power  cultivator,  with  the  exception 
that  the  pivot  wheels  were  omitted.  This  added  com- 
plications, as  it  was  necessary  to  float  the  tool  bar  from 
side  to  side  at  least  6  in.  and  at  the  same  time  be 
able  to  expand  and  contract  the  outside  tool  bars.  This 
increased  the  expense  and  was  not  entirely  sat:sfactory, 
as  it  was  not  so  easy  to  accomplish  when  the  tractor 
was  in  motion  and  the  teeth  were  in  the  ground.     The 


Fig.   17- 


-A  Two-Row   Front-Drive  Tractor  and   a   Two-Row 
Cultivator 


Production  of  This  Machine,  Which  Was  Developed  as  a  One-Mar. 
General-Purpose  Tractor  To  Handle  All  of  the  Work  on  Farms 
Ranging  from   25   to   To   Acres  in   Size.   Has  Since  Been   Abandoned 
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single-row  cultivator  would  not  require  the  expander 
levers.  It  would  therefore  be  cheaper  and  we  think 
that  it  is  the  best  cultivator  for  the  average  small 
farmer. 

The  special  four-row  beet  machine,  suitable  for  rows 
spaced  from  20  to  24  in.  apart,  proved  to  be  the  best 
combination.  Two  awes  per  hour  were  satisfactorily 
cultivated  when  traveling  at  3  or  3%  m.p.h.  The  steer- 
ing was  easy  and  accurate,  even  when  the  hoes  were 
set  as  narrow  as  4  or  5  in.  apart;  in  fact,  the  higher  the 
speed  the  easier  the  guiding  of  the  tractor  and  the 
cultivator.  This  accuracy  was  only  secured  after  off- 
-ttting  the  seat  and  placing  a  pointer  over  the  row. 
This  arrangement  gave  an  extended  view  of  the  row 
and  watching  the  pointer  gave  the  operator  the  exact 
location  of  the  tractor. 

Cultivating  corn  and  potatoes  was  much  more  diffi- 
cult. Deeper  cultivation  made  the  gangs  harder  to  steer 
and  the  heavier  drawbar  pull  made  the  tractor  more 
headstrong.  When  the  crop  is  small  it  is  necessary  to 
watch  under  the  machine,  and  more  accurate  work 
could  be  accomplished  by  offsetting  the  seat  and  apply- 
ing a  marker  under  the  tractor  to  point  at  the  row. 
Under  the  most  favorable  conditions  the  driver  had  a 
busy  time  to  do  good  cultivating.  In  the  later  cultiva- 
tions the  guiding  proved  easier,  as  the  teeth  were  set 
wider  apart. 

The  steering  gear  of  the  tractor  should  have  little 
lost  motion,  so  that  the  wheels  can  be  held  and  driven 
like  an  automobile.  Half  a  turn  of  the  steering-wheel 
should  be  sufficient  for  guiding  the  machine  down  the 
row. 

Faults  or  features  that  might  be  improved  upon  are 
as  follows:  This  type  of  tractor  is  necessarily  built 
high  to  get  enough  clearance.  This  makes  the  machine 
too  high  to  see  over,  not  high  enough  to  see  under  and 
too  wide  to  see  around. 

At  best  the  tractor  is  hard  to  drive  straight  and 
keep  over  the  row,  and  this  is  the  secret  of  all  good 
cultivating.  Drive  the  tractor  right  and  the  cultivating 
will  take  care  of  itself.  There  are  three  chances  to  one 
of  getting  off  the  row  when  operating  a  tractor,  one 
chance  to  the  right,  one  to  the  left,  and  the  third  from 
side-slipping  on  hillsides  or  overloads.  The  moment 
one  wheel  slips  more  than  the  other  this  steers  the 
machine  out  of  the  row.  The  last  point,  together  with 
a  little  lost  motion  in  the  steering  arrangement,  seems 
to  make  the  two-wheel  tractor  somewhat  of  a  "wan- 
derer," and  as  it  has  no  horse  sense  to  help  out,  the 
moment  the  thoughts  of  the  operator  wander  the  trac- 
tor does  likewise. 

Turning  with  this  type  of  machine  is  rather  slow 
and  hard  work  if  the  right  cultivating  ratio  is  used  on 
the  steering-gear.  To  overcome  this  we  designed  a 
two-speed  steering-gear,  one  for  cultivating  and  the 
other  for  turning.  This  appears  to  us  to  be  a  necessary 
feature.  Small  farms  seldom  have  headlands  large 
enough  to  turn  without  backing.  The  customary  way 
of  skipping  a  few  sets  of  rows,  as  is  done  with  a  team, 
should  be  followed  by  the  tractor  driver. 

Fields  with  low  land  or  wet  spots  also  cause  trouble. 
Sand  is  no  place  for  a  two-wheel  tractor;  neither  are 
slight  grades,  which  the  farmer  counts  as  level  ground. 
The  width  of  the  wheel  setting  has  considerable  to  do 
with  the  drawbar  pull  delivery.  If  possible  the  rear 
carriage  should  be  eliminated  and  the  cultivator  used 
for  this  purpose,  thus  avoiding  extra  changes. 

The  term  "one-man"  tractor  is  a  misnomer,  as  it  is 
not  practicable  for  one  man  to  change  implements 
weighing  400  to  700  lb.  The  sales  argument  that  all 
the  machinery  now  on  the  farm  can  be  readily  and 
satisfactorily  attached  to  the  tractor  does  not  agree 
with  our  experience.  Two-wheel  tractors  should  bal- 
ance when  the  beam  has  nothing  attached,  or  a  slight 
overweight  in  front  will  do  no  harm. 

To  size  up  the  situation  from  our  standpoint  it  would 


seem  that  there  is  room  for  great  improvement  on  this 
type  of  machine,  and  although  the  field  is  large  and 
the  machine  can  be  applied  to  numerous  jobs,  we  think 
there  are  other  types  of  tractors  that  are  better  from 
the  cultivating  standpoint.  The  development  to  date 
seems  to  prove  that  the  single-purpose  tractor  culti- 
vator has  made  the  best  progress  so  far.  There  is  still 
a  difference  of  opinion  regarding  these  machines,  as 
some  have  a  steering  caster  wheel  in  front  and  rear 
drive,  while  others  have  the  front  steering  drive  with 
a  caster  wheel  in  rear. 

It  would  seem  that  the  general-purpose  tractor  is  de- 
cidedly on  the  wane  and  that  the  tractor  which  is  made 
up  for  one  or  two  kinds  of  work  will  be  more  satis- 
factory and  have  a  better  sale  than  a  machine  that  is 
supposed  to  do  everything  on  the  farm  with  all  the 
old  machinery  that  may  be  at  hand,  but  not  do  any  of  it 
well.  It  seems  to  us  that  the  horse  will  always  have 
a  place  on  the  majority  of  farms,  although  there  are 
some  types  of  farms  that  can  be  completely  motorized 
to  advantage.  The  fact  that  the  farmer  tries  to  do  the 
most  difficult  operation  on  the  farm  with  a  tractor  is 
the  cause  of  a  number  of  tractor  failures.  What  the 
farmer  should  do  is  to  plan  his  farming  so  that  the 
tractor  gets  the  job  for  which  it  is  best  adapted  and 
saves  the  most,  and  let  the  horse  take  care  of  the  odd 
and  more  difficult  ones. 

Crawler  Type  General-Purpose  Tractors 

One  of  the  early  attempts  to  break  away  entirely  from 
the  conventional  tractor  and  to  combine  in  one  high- 
power  machine,  the  ability  to  handle  all  of  the  horse- 
drawn  implements  was  made  by  the  designers  of  the 
Bates  Steel  Mule  that  was  placed  on  the  market  first  in 
1915,  H.  H.  Bates  says  that  they  started  with  the  idea 
of  building  a  machine  that  could  be  used  for  every  essen- 
tial operation  on  the  average  160-acre  farm.  This,  of 
course,  included  plowing,  planting  and  cultivating  corn, 
as  well  as  seed-bed  preparation  and  harvesting  of  small 
grains  and  a  sufficient  amount  of  power  for  belt  work, 
small  grain  separators,  silo  fillers,  feed  mills  and  the 
like.  The  idea  was  to  produce  a  machine  that  could  be 
used  every  time  power  was  required,  every  day  in  the 
year.  In  the  3  or  4  years  that  this  machine  was  on  the 
market,  several  thousand  were  sold  and  a  large  percent- 
age of  them  are  still  in  use  at  present.  I  have  always 
considered  that  this  machine  had  some  very  strong 
fundamental  advantages  but,  like  everything  of  the  sort, 
it  also  had  its  limitation.  A  view  of  one  of  these  tractors 
breaking  prairie  sod  is  shown  in  Fig.  18. 

As  to  this,  I  quote  from  a  letter  recently  received  from 
Mr.  Bates,  as  follows: 

Being  like  a  three-legged  milk-stool,  it  would  get  a 
streak  and  lie  down  on  its  side  now  and  then,  when- 
ever the  ground  was  too  rough.  However,  I  do  not 
believe  it  is  any  more  bulky  than  the  Fordson  tractor, 
which  has  a  tendency  to  roll  back  on  its  ears  whenever 
it  feels  a  little  temperamental.  It  was  a  little  awkward 
to  turn  around  in  the  cornfield  but,  at  that,  it  did  not 
knock  down  any  more  corn  than  horses  ordinarily  do. 
As  a  matter  of  fact,  where  the  land  was  nearly  level, 
this  tractor  could  do  more  work  with  one  man  than  any- 
thing that  we  have  ever  seen.  There  was  one  big 
drawback,  and  that  was  the  fact  that  it  looked  so 
different  from  the  usual  run  of  tractors.  The  farmer 
had  to  have  a  strong  imagination  and  a  will  of  iron 
to  buy  it  in  spite  of  his  neighbor's  opinion.  Other 
tractor  salesmen  would  come  around  and  talk  to  him 
and  after  about  10  of  them,  following  one  after  the 
other,  pointed  out  to  the  farmer  the  difference  between 
the  conventional  tractor  and  the  one  that  we  were 
trying  to  sell  him,  he  had  to  be  the  kind  of  a  fellow 
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Fig.    IS — The   Bates   Steel   Mule  Tractor  Breaking   Prairie   Sod 
This   Tractor    Was    First    Placed    on    the    Market    m    1915    and    Its 

Production  ("cased  in  191S 

who,   watching   a    regiment  go    down   the    street,   saw 
everybody  out  of  step  except  his  own  son  Jim. 

Other  Tractor  Types 

The  Bean  Trackpull,  which  also  made  use  of  a  single 
crawler,  was  built  about  the  same  time  as  the  Bates 
Steel  Mule.  The  design  was  originated  by  Alfred  John- 
son, whose  tractor  experience  goes  back  to  the  earliest 
days  of  the  industry,  having  designed  the  Toe-Hold  that 
was  built  originally  by  the  Joshua  Hendy  Iron  Works  in 
California  and,  in  the  early  days  of  the  Rumely  boom, 
purchased  by  the  latter  company.  Mr.  Johnson's  little 
single  crawler  job  was  built  by  the  Bean  Spray  Pump  Co. 
of  San  Jose,  Cal.  The  latest  model  was  shown  at  Wichita 
in  1919.    Instead  of  having  the  steering-wheels  ahead  as 


PIG.    19 — The   1917   Model  of   a   Single-Crawler  Type  Tractor  in 
Which  the  Entire  Powerplant  Was  Turned  in  Steering 

in  the  Bates  Steel  Mule,  this  job  turned  the  entire  power- 
plant  somewhat  the  same  as  the  Moline  or  other  front- 
wheel-drive  machines.  One  of  these  machines  is  illus- 
trated in  Fig.  19. 

At  about  the  same  time  that  the  Bates  and  the  Bean 
tractors  were  brought  out,  some  experimental  work  was 
done  on  a  little  tractor  that,  it  was  believed,  would  com- 
bine some  of  the  advantages  of  the  Moline  and  of  the 
crawler  drive  in  one  machine.  The  job  was  made  30  in. 
wide  overall  and  was  intended  to  go  between  the  corn  rows, 
using  a  standard  two-row  horse-drawn  type  of  cultivator 
to  be  operated  from  the  seat  of  the  implement  the  same 
as  when  using  horses.  Having  an  endless  track,  the 
machine  was  stable  fore  and  aft,  and  the  implement  was 


subjected  to  no  reaction  on  account  of  down-thrust  on 
the  rear  end.  The  channel  bars  extending  to  the  rear 
were  a  sort  of  rudder,  since  the  entire  powerplant  had 
to  be  swung  around  a  pivot  for  directional  control ;  they 
also  served  to  carry  the  steering-wheel  and  the  clutch  and 
the  gearshift  levers,  as  shown  in  Fig.  20.  The  tractor 
was  driven  by  a  S7/s  x  41/i-in.  four-cylinder  vertical-en- 
gine, and  weighed  complete  just  under  2000  lb.  without 
water,  oil  or  gas.  Dynamometer  tests  showed  a  satisfac- 
tory sustained  drawbar  pull  of  1700  lb.  in  ordinary  stub- 
ble-field plowing,  that  is,  where  the  ground  was  in  nor- 
mal condition  for  plowing  and  not  slippery  on  the  sur- 
face.   It  would  pull  a  regular  two-bottom  14-in.  plow  and, 


Fig.    20 — An    Experimental    Tractor    in    Which    the    Operator 

Rode   above  the   Implement   on    a   Channel-Bar   Extension    and 

Controlled  the   Powerplant  through   Two  Long  Levers   and  a 

Handwheel 

under  an  actual  plowing  test,  showed  a  remarkable  gaso- 
line economy.  As  a  cultivating  proposition,  however,  it 
was  too  much  of  a  strain  on  the  operator  to  watch  the 
machine  and  the  corn  simultaneously.  It  was  possible  to 
cultivate  with  the  rig,  and  much  actual  work  was  done 
with  it  but,  had  these  ever  been  built,  I  am  afraid  they 
would  have  proved  to  be  man-killers  in  the  field,  because 
there  was  not  latitude  enough  for  the  front  end.  On 
paper,  a  clearance  of  6  in.  on  each  side  appears  ample  but 
in  the  field,  especially  after  the  corn  grows  up  a  little, 
there  seems  to  be  no  room  between  the  corn  rows  for  a 
machine  30-in.  wide.    The  job  had  another  limitation,  due 


Fig.    21 — A    Combination   of    Tractor    and    Two-Row    Cultivator 

That  Is  Controlled  through  Three  Lines,  Two  for  Steering  and 

One  for  Operating  the  Clutch 
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to  the  narrow  width:  it  would  lie  down  if  the  operator 

m;  minded  and  let  the  tractor  get  into  a  furrow 

on  one  side.     Being  light,  it  was  not  much  of  a  trick  to 

!  it  and  probably,  after  an  operator  got  accustomed  to 
the  machine,  this  would  not  happen  very  often.  This  job 
was  purely  experimental     and  work  on  it  was  dropped 

917  on  account  of  the  war.  I  mention  it  principally 
because  it  shows  what  is  possible  along  this  particular 

The  Cleveland  Tractor  Co.,  in  addition  to  its  first  three- 
plow  model,  has  brought  out  a  smaller  machine  compara- 
tively recently  and  has  designed  a  number  of  special 
implements  to"  be  fitted  to  this  tractor  for  cultivating  and 
other  special  jobs.  My  opinion  is  that,  in  putting  the 
cultivator  shovels  ahead  of  the  tractor,  the  Cleveland 
people  have  placed  them  in  the  most  advantageous  posi- 
tion for  this  type  of  machine,  and  that  it  is  possible  to 
carry  out  a  satisfactory  development  along  these  lines.  I 
have  noticed,  however,  within  the  past  several  months, 
that  a  new  development  has  been  announced.  This  con- 
s  of  the  small  Cletrac  with  the  American  Seeding 
Machine  Co.'s  two-row  cultivator  hooked-on  behind;  the 
tractor  is  arranged  with  a  pair  of  lines  for  controlling 
the  steering  and  a  third  line  provided  for  operating  the 
clutch.  Evidently  this  scheme  has  been  thoroughly  tried 
out  and  future  developments  along  this  line  will  be  fol- 
lowed with  considerable  interest.  It  perhaps  indicates  a 
tendency  toward  using  lines  for  tractor  control,  leaving 
the   operator  on   the  seat   of  the    implement   instead   of 


-far 


F  ,.     24_The   Parrett    Experimental   Four-Wheel  Line-Control 
Tractor  Pulling   a   Mowing  Machine 

variety  of  work  that  can  be  handled  by  this  machine  is 
brought  out  in  Fig.  22. 

L.  W.  Melcher,  who  was  chiefly  responsible  for 
the  design,  has  written  as  follows  regarding  his  experi- 
ence with  the  machine: 

During  the  early  development  of  farm  tractors  not 
much  attention  was  given  to  the  diversified  uses  to 
which  they  might  be  put.  They  were  constructed  pri- 
marily to  pull  plows  and  tillage  implements  of  the 
larger  sizes,  with  little  consideration  given  to  the  pos- 


FlG     02 Another   Line-Control   Type   of   Tractor   Performing   a  Variety  of  Operations 
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riding  on  the  tractor.     A  view  of  this  combination   is 
given  in  Fig.  21. 

Utilization  of  Existing  Farm  Equipment 
The  LaCross  Model-M  tractor,  shown  first,  I  believe,  at 
Wichita,  in  1919,  is  another  of  the  strictly  general-pur- 
pose type  of  tractor  that  have  been  designed  to  do  all  of 
the  farm  work  and  to  utilize  existing  horse-drawn  equip- 
ment. The  mechanical  details  of  this  machine  are  prob- 
ably very  well  known,  the  engine  being  a  two-cylinder 
horizontal  type  with  a  ball-bearing  crankshaft,  and  an 
internal   spur-friction   type    of    drive.      An    idea    of    the 
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sibilities  for  a  greater  field  of  usefulness.  The  writer 
attempted  to  analyze  the  possibilities  of  a  more  gen- 
eral-purpose machine,  and  the  research  work  which  we 
did  resulted  in  the  following  ideas: 

First,  that  a  general-purpose  tractor  must  be  adapt- 
able to  all  of  the  work  which  has  to  be  done  on  a  farm. 
Through  the  cooperation  of  the  farmers  and  the  im- 
plement manufacturers  over  a  great  number  of  years, 
it  has  been  possible  to  perfect  a  line  of  implements 
which  are  satisfactory  for  the  tilling,  cultivating  and 
harvesting  of  the  various  crops  which  are  being  pro- 
duced by  the  American  farmer.  We  started  out  with 
the  theory,  and  still  believe  that  we  were  right,  that  a 
tractor  should  be  built  to  operate  the  present  tools, 
rather  than  attempt  to  build  a  tractor  first  and  then 
the  tools  around  it.  We  hoped  by  this  method  of  con- 
struction to  profit  by  the  many  years  of  development 
which  have  gone  into  farm  tools.  It  did  not  appear 
reasonable  to  us  that  a  producer  of  a  new  type  of  im- 
plement would  be  able  to  develop  it  to  as  high  a  degree 
of  perfection  as  the  line  of  tools  which  had  already 
been  developed.  There  is  no  question  that  such  an  im- 
proved line  could  be  developed,  but  it  would  take  a 
great  many  years  of  practical  use  to  prove  that  this 
new  line  would  be  an  advantage  over  the  existing  type. 
Further,  it  would  require  the  purchase,  by  the  farmer, 
of  an  entire  new  line  of  tools  developed  for  use  with  a 
tractor.  It  would  necessitate  an  initial  investment  for 
a  great  quantity  of  additional  equipment.  We  there- 
fore concluded  that  the  best  policy  would  be  to  construct 
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simply  a  mechanical  team  of  horses,  which  would  re- 
place the  animals  now  in  use  in  every  way  possible. 
but  which  would  operate  at  a  greater  speed  and  with 
more  economical  results. 

The  size  of  the  traitor  should  be  comparable  with 
that  of  the  implements  which  are  now  in  use.  Our 
investigations  led  us  to  believe  that  the  average  farm 
which  could  successfully  use  this  type  of  tractor  is,  at 
present,  using  .">  horses  constantly.  The  farmer  may 
carry  a  reserve  number  but  he  would  not  use  at  any 
time  more  than  5  horses;  therefore,  our  mechanical 
horsepower  should  be  capable  of  operating  the  various 
implements  which  come  within  this  range. 

The  control  of  the  tractor  necessitated  considerable 
thought.  When  one  considers  the  various  positions 
which  the  operators  of  present-day  implements  have  to 
assume,  it  is  obvious  that  the  connection  between  the 
operator  and  the  tractor  must  be  extremely  flexible. 
For  instance,  the  operator  might  be  upon  the  top  of  a 
load  of  hay  or  on  a  harrow  cart  or  on  a  binder  seat,  or 
any  one  of  a  dozen  other  places  where  the  operator 
must,  ride  on  the  implement  to  operate  the  various  ad- 
justing and  control  levers.  Often,  his  position  must  be 
changed  constantly;  for  instance,  in  pulling  a  load  of 
hay  with  a  hay  loader.  He  is,  to  start  with,  on  the 
rack  and,  after  he  has  completed  his  loading,  he  is  at 
least  7  or  8  ft.  higher  than  his  original  position.  The 
operator  must  be  at  all  sorts  of  angles  and  distances 
from  the  tractor;  it  must  be  possible  to  shift  quickly 
from  one  implement  to  the  other,  and  the  control  must 
be  positive  in  action  at  all  times.  We  decided  that  the 
lines  similar  to  those  used  with  horses  offered  us  the 
best  solution  to  this  problem. 

The  next  problem  was  the  construction  of  the  con- 
trol unit  on  the  tractor  itself,  which  would  answer  all 
the  purposes  required  and,  at  the  same  time,  be  sensi- 
tive in  operation.  There  were  many  ways  of  accom- 
plishing this  by  using  three  or  more  lines  but,  realiz- 
ing that  the  farmer  was  accustomed  to  only  two  lines, 
we  limited  ourselves  to  this  number.  Further,  it  was 
necessary  to  develop  the  control  so  that  the  lines  would 
be  used  exactly  the  same  as  when  driving  horses.  As 
a  proof  that  we  accomplished  this  very  successfully,  we 
often  offered  the  control  to  men  who  had  not  previously 
seen  the  machine,  asking  them  simply  to  start  out  as  if 
they  were  handling  horses.  In  all  cases,  they  started 
and  steered  the  tractor  satisfactorily. 

In  the  LaCross  Model-M  tractor  we  used  a  distinc- 
tive design  of  friction  transmission.  I  wish  to  say, 
however,  that,  with  the  line  control  which  we  devel- 
oped, it  is  not  absolutely  necesary  to  use  a  friction 
transmission.  But  we  were  thoroughly  sold  on  the 
possibilities  of  this  type,  because  it  was  easy  to  con- 
trol with  the  lines.  Due  to  the  limited  distance  to 
which  the  lines  could  be  pulled,  it  was  necessary  to 
arrange  the  friction  drive  in  such  a  manner  that  the 
contact  pressure  was  regulated  proportionately  to  the 
power  transmitted.  We  accomplished  this  by  inter- 
connecting our  drawbar  and  control  device  so  that,  in 
starting  a  load  for  example,  when  a  100-per  cent  addi- 
tional pressure  is  required  on  the  friction  drive,  we 
obtain  this  additional  pressure  through  the  resistance 
at  the  drawbar.  As  soon  as  the  load  was  under  motion, 
the  amount  of  power  required  to  pull  the  load  was  re- 
duced and  the  friction  pressure  was  also  reduced  pro- 
portionately, this  feature  being  automatic  at  all  times. 
Adequate  clearance  of  the  tractor  for  cultivation  of  row 
crops  is  essential;  in  this  machine,  we  had  a  minimum 
of  31  in.  For  short  turning  at  the  end  of  rows,  we 
utilized  a  differential  brake  which  was  interconnected 
to  the  steering  device.  The  angularity  of  the  front 
wheels  controlled  the  differential  brake,  applying  it  in 
such  a  manner  as  to  give  the  required  control  for  short 
turning.  After  constructing  some  800  of  these  ma- 
chines and  placing  them  in  various  sections  of  the 
country,  I  can  sincerely  say  that  I  believe  a  machine 
of  this  type  will  give  the  American   farmer  what  he 
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desires  in  the  way  of  an  economical  power  unit,  which 
can  be  attached  readily  to  all  of  the  tools  which  he 
now  uses. 

Comment  on  Mr.  Melcher's  communication  is  perhaps 
superfluous  although  it  may  be  pertinent  to  say  that  the 
American  farmers  have  an  investment  of  more  than 
$3,500,000,000  in  farm  implements  and  machinery;  there- 
fore, there  probably  is  something  in  Mr.  Melcher's  con- 
tention that  the  tractor  should  be  made  to  utilize  existing 
horse-drawn  tools. 

Recent  General-Purpose  Types 

At  the  1922  Tractor  Show  in  Minneapolis,  Dent  Par- 
rett  exhibited  his  little  general-purpose  tractor  that  he 
called  the  Cultor.  Mr.  Parrett's  two-row  cultivator  has 
been  mentioned  previously,  a  limited  number  of  them 
having  been  built  in  1916.  The  two-row  cultivator  was 
discontinued  and  Mr.  Parrett  started  to  develop  a  light 
two-front-wheel-drive  tractor,  more  or  less  along  the  lines 
followed  in  the  Indiana  and  the  Allis-Chalmers  tractors. 
He  figured  that  it  might  be  possible  to  make  this  much 
lighter  and  cheaper  than  anyone  had  done  before;  there- 
fore, he  utilized  a  small  two-cylinder  air-cooled  engine  of 
aboiii  9  cr  10  hp.  and  built  a  machine  that  weighed  ap- 


Fig.   26 — Cultivating   Young   Corn   with   a   General-Purpose 
Tractor 

This  Tractor  Is   Intended  for  Use   with  a  Number   of  Specially  De- 
signed Tools  That   Are  Capable  of   Direct  Attachment  and   Has  an 
Extension    Steering-Device 
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proximately  1000  lb.  This  two-front-wheel-drive  job  was 
used  experimentally  for  two  full  seasons  in  the  field,  as 
shown  in  Fig.  23. 

Mr.  Parrett  states  that  their  experience  was  that,  so 
long  as  their  own  operators  were  with  the  machine,  it 
did  the  work  in  a  highly  satisfactory  manner.  Its  most 
serious  limitation  was  that  some  care  and  discretion  had 
to  be  used  in  getting  the  job  hitched-up  to  the  standard 
horse-drawn  implement.  In  working  out  their  hitches 
for  this  machine,  it  was  the  intention  always  to  utilize 
the  reguiar  tongue  of  the  horse-drawn  implement  when 
possible.  To  anyone  who  thoroughly  understood  how  to 
make  the  hitches,  it  was  a  very  easy  matter  to  change 
over  from  one  machine  to  another.  The  average  time 
was  10  min.  and  it  was  often  able  to  do  it  much  more 
quickly.  However,  Mr.  Parrett  says  that  when  they  left 
this  machine  in  the  hands  of  the  farmer,  he  almost  in- 
variably got  into  trouble  with  his  hitches.  After  spend- 
ing much  time  along  this  line,  Mr.  Parrett  became  con- 
vinced that  specially  built  implements  for  the  rear  end 
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Fig.   27 — Diagram   Showing   the  Production  of  Automobiles  and 
Steam   and   Gas   Tractors 

would  be  required  to  make  the  two-front-wheel-drive  type 
successful  so  that  there  could  be  no  possibility  of  going 
wrong  when  shifting  from  one  implement  to  another. 
Mr.  Parrett  felt  that  this  was  not  possible  for  the  type 
of  machine  that  he  was  trying  to  evolve,  because  one  of 
the  first  things  he  set  himself  to  do  was  to  make  a  tractor 
that  could  be  used  with  the  existing  farm  implements. 
He  finally  conceived  the  notion  of  extending  the  frame- 
work forward,  putting  on  two  front  wheels  and  hooking 
these  up  with  the  simplest  kind  of  a  line-drive  for  steer- 
ing. These  lines  were  arranged  so  that,  when  both  of  them 
were  pulled  back,  the  clutch  would  be  released  and  latched 
out.  A  slight  jerk  on  the  lines  and  dropping  them  for- 
ward would  engage  the  clutch;  then,  a  right  or  left-hand 
pull  would  steer  the  front  wheels  in  the  usual  manner. 
They  did  not  attempt  to  complicate  the  line  drive  by  in- 
cluding gearshifting.  Mr.  Parrett  states  that  it  is  so 
seldom  necessary  to  back-up  in  the  field  that  the  operator 
can  get  off  and  go  to  the  tractor  if  he  wants  to  shift  into 
reverse.  However,  if  desired,  a  third  line  can  be  at- 
tached to  the  gearshift  lever  and  the  control  of  the  for- 
ward and  the  reverse  speed  be  carried  back  to  the  im- 
plement, wagon  or  whatever  is  being  operated,  as  shown 
in  Fig.  24. 

In  its  present  form,  the  Cultor  has  been  used  two 
seasons  in  the  field  and,  with  the  small  two-cylinder  air- 
cooled  engine,  has  been  found  to  be  very  satisfactory  for 


'See  Automotim    i    ri  Feb    22.  1923.  p    ::•;<> 


any  of  the  jobs  ordinarily  done  around  the  farm  with  a 
team  of  horses.  The  machine  weighs  only  1200  lb.  and 
will  pull  a  mowing  machine,  a  binder,  a  hay  rake,  a  single- 
row  cultivator,  or,  under  favorable  conditions,  a  sulky 
plow,  that  ordinarily  would  require  three  horses.  A 
view  of  this  machine  is  given  in  Fig.  25. 

Another  machine  of  the  general-purpose  type,  having 
a  high  center  clearance  and  a  rear-wheel  drive,  has  been 
on  the  market  for  the  past  2  years ;  it  is  made  by  the 
Rock  Island  Plow  Co.  It  is  my  understanding  that  this 
machine  is  the'  outcome  of  the  company's  experience  with 
a  double-row  power-cultivator.  The  present  job,  how- 
ever, is  carried  considerably  beyond  the  single-row 
power-cultivator  stage  and,  while  not  a  great  quantity 
of  these  have  been  sold,  the  experience  to  date  is  very 
encouraging  and  the  Rock  Island  company  believes  it 
has  a  machine  that  will  actually  do  everything  that  is  to 
be  done  on  the  smaller  farm  up  to  100  acres  in  extent. 

Being  an  implement  manufacturer,  this  company  has 
worked  out  a  number  of  directly  attachable  tools  to  be 
used  in  connection  with  this  tractor,  one  of  which  is 
illustrated  in  Fig.  26.  It  has  also  developed  an  extension 
steering-device  for  use  with  a  binder  and  similar  tools. 
Having  a  friction  drive,  it  can  control  clutching  and  de- 
clutching for  both  forward  and  reverse  with  a  rope  run- 
ning over  a  pulley  on  the  tractor  frame  and  attached  to 
the  friction-drive  lever.  The  initial  engagement  of  the 
friction  is  accomplished  by  pulling  one  rope  after  which 
the  pressure  is  maintained  proportionate  to  the  draw- 
bar pull  by  the  helical  gears  on  the  friction  disc  shaft. 
So  far  as  I  know,  this  machine  is  the  latest  development 
of  the  general-purpose  idea  to  be  placed  on  the  market 
and  its  further  progress  will  undoubtedly  be  watched 
with  considerable  interest. 

For  the  past  5  or  6  years,  the  International  Harvester 
Co.  has  done  an  enormous  amount  of  work  in  its  experi- 
mental department,  looking  toward  the  solution  of  the 
general-purpose-tractor  idea.  Some  of  the  ideas  along 
this  line  were  presented  to  the  Society  two  years  ago,  at 
the  Tractor  Show  at  Columbus,  Ohio.  No  resume  of  the 
subject  would  be  complete  without  taking  the  Interna- 
tional Harvester  Co.'s  experimental  work  into  consider- 
ation. 

A  final  point  to  make  in  regard  to  the  tractor  industry 
concerns  the  speed  with  which  the  development  has  taken 
place.  The  development  of  our  railway"  systems,  the  evolu- 
tion of  the  grain  binder,  the  perfection  and  utilization 
of  the  telegraph  and  the  telephone  and  the  enormous  de- 
velopment of  our  various  manufactures  are  all  spoken  of 
as  the  marvelous  achievements  of  the  past  century.  The 
motor  car,  the  radio  and,  to  a  certain  extent,  the  air- 
plane are  already  considered  the  outstanding  marvels  of 
new  development  in  the  present  century.  I  sincerely  be- 
lieve that,  within  the  next  decade,  the  development  of  the 
farm  tractor  and  the  motorization  of  American  farming 
will  prove  to  be  a  more  spectacular  development  than  any 
of  the  other  things  mentioned.  We  who  have  been  work- 
ing on  the  tractor  problems  are  perhaps  somewhat  in  the 
position  of  the  man  who  could  not  see  the  forest  because 
of  the  trees.  It  is  perhaps  a  little  difficult  to  stand  to 
one  side  and  get  a  proper  perspective  of  what  has  already 
taken  place  in  the  industry.  We  realize  more  or  less  dis- 
tinctly that  the  changes  in  ideas,  the  development  of  new 
types  and  the  discarding  of  them  have  been,  kaleidoscopic, 
to  say  the  least,  I  wonder  how  many  of  us  have  realized 
how  extremely  rapidly  these  changes  have  taken  place 
and  how  the  idea  of  power  farming  has  spread  from  one 
end  of  the  Country  to  the  other. 

A  chart*  was  published  recently  that  shows  the  growth 
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of  the  automobile  industry  since  1903.  I  have  found  con- 
siderable enlightenment  in  plotting  on  this  chart  such 
statistics  as  are  available  in  regard  to  the  growth  of 
the  tractor  industry.  From  1915  to  1919,  the  farm-tractor 
business  in  this  Country  was  multiplied  by  10;  that  is, 
from  a  production  of  about  15,000  to  one  of  150,000  per 
year.  The  time  that  corresponds  more  nearly  to  this  in 
the  development  of  the  motor  car  was  the  period  from 
1905  to  1909.  During  this  time,  the  production  figures 
change  from  20,000  to  100,000,  only  one-half  the  rate  of 
development  shown  by  the  tractor  industry.  This  chart 
showing  the  production  of  automobiles  and  steam  and  gas 
tractors  is  reproduced  in  Fig.  27. 


Anyone  can  project  the  tractor  curve  for  the  next  10 
to  20  years,  but  I  am  willing  to  go  on  record  that,  given 
a  tractor  with  which  it  is  possible  to  do  all  of  the  work 
that  must  be  done  on  the  farm,  a  production  of  over 
1,000,000  tractors  per  year  would  result.  Further,  I  be- 
lieve it  will  be  possible  to  reach  this  figure  in  less  than 
10  years  if  the  tractor  industry  will  take  the  information 
already  available  and  evolve,  within  the  next  year  or  so, 
a  type  of  machine  with  which  this  specification  can  be 
met.  I  believe  the  limitation  lies  with  the  tractor  industry 
and  particularly  with  tractor  engineers,  and  not  with  the 
farmer,  so  far  as  adopting  tractors  for  general  work  on 
the  farm  is  concerned. 


STEEL 

(Concluded  from  p.  586) 


(2)  To  modify  the  condition  in  which  the  carbon 
occurs 

(3)  To  remove  occluded  gaseous  impurities 

(4)  To  combine  chemically  with  the  iron  or  the  car- 
bon, or  both 

(5)  Either  combined  or  free  to  form  isomorphous 
solutions  with  the  iron  or  to  separate  into  dis- 
tinct microscopic  particles 

The  exact  manner  in  which  the  added  elements  influence 
the  iron-carbon  system  so  as  to  produce  new  and  useful  prop- 
erties in  steel  is  not  yet  perfectly  understood.  Roberts- 
Austen  and  Spring  found  that  one  metal  ditfuses  into  another 
like  salt  into  water.  In  general,  solubility  increases  with  the 
temperature.  Metals  and  alloys  will  flow  under  pressure. 
Alloys  may  or  may  not  react  when  brought  into  intimate  as- 
sociation by  fusion  or  pressure.  Molecular  mobility  increases 
with  the  temperature.  Upon  the  cooling  of  molten  alloys, 
phenomena  suggestive  of  freezing  salt-solutions  are  observed. 
The  depression  of  the  freezing-point  of  a  metal  when  another 
is  added  to  it  follows  the  laws  of  Coppet  and  Raoult  for  dilute 
solutions,  and  generally  the  phase  rule  of  Gibb  applies  almost 
as  well  to  the  explanation  of  conditions  of  equilibrium  in  al- 
loys as  to  similar  problems  in  regard  to  liquid  solutions. 

We  may  almost  say  that  the  age  of  steel  in  the   United 


(States  began  with  the  development  of  the  basic  open-hearth 
process  about  1888.  Bessemer  steel  had  been  produced  much 
earlier,  while  blast  furnaces  and  foundries  had  been  in  ex- 
istence in  the  Country  from  the  early  colonial  days.  We 
must  still  recognize  that  the  making  of  steel  is  not  an  exact 
science.  It  is  rather  an  art,  to  which  scientific  methods  may 
be  applied;  in  its  fundamental  operations  it  remains  a  hand- 
craft industry,  aided  and  guided  by  scientific  control-methods. 
Young  metallurgists  are  apt  to  become  impatient  because  the 
steel-makers  cannot  manufacture  their  product  100-per  cent 
perfect.  This  is  the  ideal  for  which  conscientious  manufac- 
turers strive  but  which  can  never  be  perfectly  attained. 

If  it  is  commendable  to  make  two  blades  of  grass  grow 
where  one  grew  before,  how  much  more  worthwhile  is  it  to 
make  1  lb.  of  steel  go  where  2  went  before,  by  improving  the 
quality  and  the  treatment  and  adopting  a  metal  particularly 
suited  to  the  requirements.  Here  we  have  real  conservation 
in  raw  materials.  The  higher  grades  of  ore  are  not  believed 
to  be  inexhaustible  and  in  making  1  lb.  of  steel  we  not  only 
use  one-half  as  much  ore  but  also  one-half  as  much  fuel  and 
refractory  material  as  in  making  2  lb.  Furthermore,  if  the 
steel  becomes  a  moving  part  of  a  machine,  an  automobile  or 
an  airplane,  there  will  be  a  saving  in  motive  power  during 
the  life  of  the  machine.  Sometimes  such  a  thing  does  not 
lead  so  much  to  conservation  as  to  an  extension  of  use. 


NEBRASKA  TRACTOR-TEST  ANALYSIS 

(Concluded  from  p.  594) 


Of  the  17  that  changed  equipment,  3  also  changed  their 
rating.  One  of  the  three  machines  that  withdrew  was 
returned  later  for  test.  During  this  period  47  tractors 
have  been  eliminated  from  the  Nebraska  field  because  of 
their  failure  to  complete  tests  or  to  appear  for  test  after 
having  made  application. 

Tractor  builders  have  benefited  in  no  small  way  from 
the  reports  of  the  Nebraska  tractor  tests  which  have 
furnished  a  mass  of  data  never  before  available  for  an- 
alysis and  study  by  designers.  That  a  better  product  is 
one  of  the  direct  results  of  the  testing  program  is  indi- 
cated by  the  statistics  in  Table  1. 


TABLE    1 — STATISTICS   OF   NEBRASKA    TRACTOR   TESTS 

1920       1921       1922 

Percentage  of  Tractors  Complet- 
ing the  Tests  and  Fulfilling  All 
Original  Claims 

Percentage  of  Tractors  Complet- 
ing- the  Tests  Which  Could  Not 
Develop  the  Power  Claimed  un- 
der the  Original  Specifications 

Average  Percentage  of  Increase  of 
Fuel  Economy  of  Kerosene 
Tractors,  Using  Four-Cylinder 
Vertical  Engines,  Tested  in 
1922  over  Machines  of  the  Same 
Class  Tested  in  1920  29.2 


15.4       40.0       80.0 


41.5       26.7       20.0 
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PROFITABLE  CROPS  FROM  PEAT  BOGS 


Tractor  Types  for   Reclaiming  Waste   Land   Studied   at 

Minneapolis  Section  Meeting 

That  '6,000,000  to  7,000.000  acres  of  peat  land,  at  present 
sheer  waste,  can  with  proper  treatment  be  made  to  yield 
better  crops  of  many  ordinary  farm  products  than  can  be 
grown  on  other  land,  was  the  astonishing  statement  made 
by  J.  L.  Larson  at  the  May  2  meeting  of  the  Minneapolis 
Section.  Mr.  Larson,  who  is  a  member  of  the  faculty  of  the 
agricultural  engineering  division  of  the  University  of  Min- 
nesota, and  G.  R.  B.  Elliott,  also  of  the  University,  have 
made  a  series  of  most  interesting  experiments  in  the  types 
of  tractor,  plow  and  other  farm  equipment  needed  to  reclaim 
waste  land  of  the  peat-bog  variety. 


Tractor  Equipped  for  Marsh   Plowing  with  deep  Skid-Rings  on 

the   Front  Wheels    and  Wide    Extensions  with  Widely    Spaced 

AX';i.k   Lugs  and  Spade  Teeth  on  the  Driving  Wheels 

In  the  spring  of  1922,  a  tract  of  land  under  the  control 
of  the  Minnesota  Agricultural  Experiment  Station  was  being 
put  under  cultivation  for  drainage  experimental  purposes. 
Information  regarding  the  equipment  necessary  for  peat- 
land  farming  is  both  meager  and  conflicting,  especially  with 
regard  to  the  preliminary  operation  of  breaking  and  pre- 
paring the  first  seedbed.  The  opportunity  was  therefore 
taken  to  obtain  accurate  information  on  the  equipment  re- 
quired for  the  heavier  operations  and  the  best  method  of 
applying  that  equipment. 

Description  of  Tract  and  the  Equipment 

The  tract  selected  was  several  acres  of  "tamarack  swamp" 
drained  with  tile  the  previous  fall.  Peat  on  the  tract  was 
from  5  to  7  ft.  deep  and  had  carried  so  heavy  a  growth 
of  trees,  principally  tamaracks,  birch,  elm  and  maple,  that 
it  was  estimated  that  50  cords  of  stumps  to  the  acre  were 
removed  in  the  clearing.  The  holes  left  by  the  removal  of 
these  stumps  and  the  soft  spots  left  by  the  back-filling  of 
the  drains  were  a  very  considerable  factor  in  all  the  cultural 
operations,  more  particularly  in  the  first  plowing.  It  was 
considered  that  the  job  was  a  fairly  difficult  one,  but  thor- 
oughly representative  of  the  actual  conditions  that  would 
have  to  be  met  by  the  farmer  in  breaking  up  timbered  peat 
land.  During  the  progress  of  the  experiment,  the  water 
level  was  maintained  about  3  ft.  below  the  surface  of  the 


peat  at  the  lower  end  and  4  ft.  at  the  upper  end.  At  the 
upper  end  of  the  tract  the  soil  was  fairly  firm  with  con- 
siderable sod,  while  at  the  lower  end  the  peat  was  very  soft 
and  much  torn  and  pitted  by  the  removal  of  the  stumps. 

In  the  first  breaking  of  any  land  a  very  important  con- 
sideration is  the  getting  rid  of  trash  and  soft  litter.  On 
peat  land  it  is  also  especially  important  to  plow  sufficiently 
deep  to  get  under  the  deep  underground  root-stalks  of  marsh 
vegetation.  The  greater  number  of  heavy  root-stalks,  with 
the  exception  of  those  of  grass  and  small  sedge,  are  to  be 
found  in  the  second  6  in.  Ten  inches  to  1  ft.  is,  therefore, 
about  a  minimum  depth  for  first  plowing  under  average 
conditions  on  peat  swamps  other  than  grass  marsh,  and 
plows  were  chosen  that  would  cut  effectively  to  that  depth, 
namely  plows  with  16  and  20-in.  shares.  These  in  their 
turn  required  comparatively   heavy  tractor  equipment. 

In  all,  five  types  of  plow  and  three  types  of  tractor  were 
used.  The  most  useful  type  of  tractor  for  marsh  plowing, 
as  developed  by  the  tests,  is  shown  in  the  accompanying 
photograph,  one  of  the  many  helpful  illustrations  Mr.  Lar- 
son and  Mr.  Elliott  showed  as  slides.  The  standing  coulter 
proved  most  satisfactory  for  the  work  on  timbered  peat 
land.  It  is  doubtful  if  the  rolling  coulter  would  have  been 
successful  in  this  type  of  ground,  even  had  adjustments  been 
possible. 

An  explanation  should  here  be  made  of  what  the  sod- 
or  furrow-pusher  actually  is.  It  is  not,  as  may  at  first  be 
supposed,  merely  a  mold-board  extension.  It  is  a  curved 
steel  piece  attached  inside  of  the  mold  board  near  the  point 
of  the  plow  and  extending  backward  below  and  behind  the 
mold  board  on  a  level  with  the  bottom  of  the  furrow.  At 
the  back  it  is  cross-braced  against  an  enlarged  and  strength- 
ened landside.  It  was  developed  largely  in  cooperation  with 
the  Agricultural  Engineering  Department  of  the  University 
of  Wisconsin,  purely  as  an  aid  in  marsh  plowing.  Its  pur- 
pose is  to  push  the  freshly-turned  furrow  still  farther  t# 
the  right,  so  that  the  next  succeeding  furrow  will  fall  ab- 
solutely flat  and  then  be  pushed  tight  up  against  its  fellow, 
completely  covering  the  grass  and  the  litter.  The  increase 
in  the  power  required  to  operate  the  furrow-pusher  was 
more  than  compensated  for  by  the  very  much  improved 
quality  of  the  work  done. 

Special  Wheel  Equipment 

Ample  support  to  the  tractor  proved  to  be  just  as  im- 
portant as  power.  One  tractor  failed  signally,  not  from  any 
inherent  defect  in  the  design  of  the  tractor  or  from  lack 
of  power,  but  because  the  special  wheel  equipment  that  would 
enable  it  to  do  its  work  was  not  available.  It  was  like 
a  strong  swimmer  thrown  into  the  water  and  told  to  swim 
with  stones  tied  to  his  head  and  his  feet.  The  special  wheel 
equipment  on  the  successful  tractor  gave  it  50  per  cent 
more  power  in  an  emergency  than  the  tractor  that  failed, 
although  the  successful  tractor  was  of  lower  rating.  The 
spade  teeth  served  a  very  useful  purpose  in  catching  and 
holding  submerged  roots  or  timber  in  pulling  out  of  a  hole. 
The  heavy  skid  rings  gave  the  driver  control  of  his  machine 
on  soft  ground.  This  special  equipment  is  not  in  any  degree 
complicated  or  expensive.  It  can  be  easily  made  standard 
to  be  attached  to  the  tractor  by  the  operator  for  soft-ground 
conditions. 

There  are  many  tractors  now  owned  throughout  the  coun- 
try that  cannot  be  profitably  operated  in  the  early  spring 
or  in  wet  weather.  This  is  especially  true  in  the  working 
of  peat  land.  Yet  peat  land  can  be  cultivated,  even  at  its 
wettest  without  injury  to  the  seedbed.  It  can  be  plowed 
in    the    spring    and    seeded    while    the    clay    upland    is    still 
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too  soft.  This  is  an  extremely  important  factor  in  financing 
farming-  operations  as  well  as  in  general  farm  efficiency. 
It  seems  logical  that  the  wider  wheel  equipment  should  be 
made  standard  for  the  wetter  and  softer  districts  and  fur- 
nished upon  the  advice  of  the  tractor  dealer.  It  is  also 
probable  that  in  many  cases  where  tractors  are  now  un- 
profita  le  on  soft-lands,  an  expenditure  of  $100  would  change 
an  unprofitable  into  a  profitable  investment. 

From  the  standpoint  of  mere  efficiency  in  turning  soil,  the 
cutaway  disc  loaded  to  cut  7  in.  was  far  ahead  of  any  of 
the  plows.  In  fact  its  power  consumption  per  unit  of  cross- 
sectional  area  turned  was  less  than  one-half  that  of  the  plows. 
Its  use  is,  therefore,  strongly  to  be  recommended  under 
conditions  where  its  use  is  practicable.  It  cannot  be  recom- 
mended for  first  breaking  instead  of  using  plows,  for  it 
required  about  five  passages  of  the  disc  to  give  results 
equivalent  to  one  plowing.  The  results  of  the  work  seem 
to  indicate  that  disc  machinery  may  be  extremely  efficient 
for  all  later  cultivation. 

The  roller  gave  some  remarkable  results.  Not  only  did 
it  pack  the  peat  and  so  form  a  better  rootbed  but,  after  the 
ground  had  been  plowed,  harrowed  and  rolled,  even  that  part 
which  was  originally  so  soft  and  full  of  holes  that  it  was 
difficult  to  get  the  tractors  through  it,  became  sufficiently 
firm  to  support  horses  for  all  later  cultivation. 

Several  important  things  were  brought  out  during  the 
trials.  What  may  be  called  the  fundamental  consideration 
upon  which  all  the  rest  was  built  up  was  the  better  quality 
of  work  done  by  the  heavier  plows.  This  was  later  con- 
firmed by  the  lessened  weed  growth  on  the  deep  plowing. 
During  the  summer,  nettles  were  plentiful  on  the  shallow 
plowing  but  not  on  the  rest  of  the  field.  Although  deep 
plowing  on  new  peat  will  not  help  the  crop  yield  the  first 
year,  there  is  no  question  that  it  gets  rid  of  the  old  growth 
and   puts   the   land   in   better  condition  forever  after. 

Power  Required 

Analysis  of  the  power  consumption  developed  several  in- 
teresting facts.  On  the  larger  plows,  the  drawbar  pull  was 
constantly  near  or  above  10  hp.  with  a  reserve  up  to  17  hp. 
drawn  upon  at  times.  For  the  smaller  plows,  the  power 
consumption  was  above  8  hp.  with  a  reserve  up  to  15  hp. 
called  upon.  From  this  it  would  appear  that  for  marsh 
breaking  a  tractor  is  necessary  that  is  capable  of  developing 
not  less  than  12  working  drawbar  hp.  with  a  reserve  above 
that.  This  power  and  reserve  is  not  necessary  for  later 
plowing. 

In  calculating  the  power  consumed  per  unit  of  cross- 
sectional  area,  the  16-in.  plows  give  almost  the  same  results 
as  the  20-in.  plows  of  the  same  size.  This  is  not  what  was 
expected,  as  it  was  thought  that  the  vertical  cut  would  offer 
a  higher  proportional  resistance  than  the  bottom  cut.  Ap- 
parently this  was  not  the  case,  for  the  20-in.  plow  gave  no 
greater  efficiency  than  the  16  in.  of  the  same  make. 

The  general  proposition  was  established  that  for  ordinary 
peat  breaking  the  horsepower  required  can  be  figured  readily 
and  with  fair  accuracy  on  the  basis  of  a  5-lb.  pull  per  sq. 
in.  of  furrow-slice.  If  this  is  multiplied  by  the  speed  it  is 
proposed  to  travel,  the  horsepower  can  be  calculated  in  the 
ordinary  way. 

In  answer  to  a  question  from  A.  F.  Moyer,  Mr.  Larson 
said  that  the  larger  tractor-wheel  diameter  had  been  found 
better  than  the  narrow  or  small  wheel  in  work  on  peat  land. 

The  question  of  what  crops  are  best  suited  to  peat  land 
brought  out  some  striking  facts.  Mr.  Elliott,  whose  work 
deals  particularly  with  crops,  reported  that  about  two-thirds 
or  three-fourths  of  the  ordinary  farm  products  will  do  better 
on  peat  land  than  on  other  land.  The  other  one-fourth  of 
the  list  will  do  better  on  other  land  than  on  peat.  Corn, 
potatoes  and  rice  are  good.  Wheat  will  not  do  anything;  but 
oats  will  grow  about  twice  as  much.  Hay  grows  well  and 
so  do  all  sorts  of  grass.  Onions  thrive  and  will  range  from 
500  to  600  bu.  on  6-in.  level  land  per  acre.  Carrots  yield  over 
GOO  bu.  an  acre,  sugar  beets  20  tons  to  the  acre. 

Asked  by  Mr.  Sikes  at  what  speed  per  hour  most  effective 
and  efficient  work  had  been  done,  Mr.  Larson  answered  that 
2%    m.p.h.    had    been    found   the    best    plowing   speed,    dis- 


regarding the  number  of  acres  covered  per  day.  The  pos- 
sibility of  miring  is  doubled  by  running  at  slow  speed,  but 
a  very  high  speed  is  also  undesirable.  The  bog  is  like  rubber 
or  tar.  The  faster  one  moves  over  it,  the  less  impression 
is  made. 

The  discussion  closed  with  Mr.  Moyer's  request  that  Mr. 
Larson  prepare  a  curve  of  plowing  efficiency  showing  the 
cubic  feet  of  furrow  turned  per  drawbar-horsepower  per 
hour,  as  a  true  measure  of  plowing  efficiency,  very  nearly 
in  proportion  to  the  plowing  cost  when  the  depth  is  con- 
sidered and   human  labor  per  horsepower  is  fixed. 

In  addition  to  Mr.  Larson's  paper,  this  last  meeting  of  the 
season  included  a  showing  of  the  popular  film,  Electricity  in 
the  Motor  Vehicle,  sent  out  by  the  North  East  Electric  Co., 
and  Mr.  Scarratt  reviewed  in  detail  the  National  Tractor 
Meeting  at  Chicago. 

The  officers  elected  for  1923-1924  are  all  men  experienced 
in  Section  work  and  devoted  to  making  the  Minneapolis 
Section  a  success.  Chairman,  Victor  Gauvreau;  Vice-Chair- 
man, A.  F.  Moyer;  Secretary,  Phil  N.  Overman;  Treasurer, 
J.  S.  Clapper.  A.  W.  Scarratt  will  represent  Minneapolis 
on  the  National  Nominating  Committee  at  Spring  Lake. 


FOUR-WHEEL  BRAKES  DISCUSSED 


JlALCOLM    LOUGHEAD 


Engineer  Describes   Hydraulic   System   Before   the 
Detroit  Section 

A  system  of  four-wheel 
brakes  actuated  by  hy- 
draulic pressure  was  de- 
scribed at  the  meeting  of 
the  Detroit  Section  on 
May  17.  The  speaker, 
Malcolm  Loughead,  de- 
scribed the  important  me- 
chanical features  of  his 
particular  design,  an- 
swered numerous  ques- 
tions and  discussed  some 
of  the  disadvantages  cited 
against  four-wheel  brakes 
in  general.  The  meeting 
attracted  over  200  mem- 
bers and  reflected  the 
great  interest  that  is  be- 
ing taken  in  four-wheel 
brake  development. 

The  hydraulic  pressure  in  the  Loughead  system  is  built  up 
in  a  cylinder  that  is  mounted  near  the  fulcrum  of  the  brake- 
pedal.  A  piston  in  this  cylinder  is  directly  connected  to  the 
lower  end  of  the  brake-pedal  forging  and  is  forced  into  the 
cylinder  by  the  depression  of  the  brake-pedal  itself.  The 
ratio  of  the  movement  of  the  pedal  and  the  piston  is  about 
4  to  1.  Four  metal  pressure-lines  or  tubes  lead  from  this 
master  cylinder  to  points  on  the  chassis  frame  adjacent  to 
each  of  the  four  wheels.  Flexible  tubes  lead  from  these 
points  on  the  frame  to  individual  brake-actuating  cylinders 
mounted  on  each  of  the  four  brake-supports.  These  flexible 
tubes  are  made  of  heavily  reinforced  rubber  tubing  or  hose 
with  flexible  metallic  tubing  running  through  its  center. 

Each  of  the  brake-actuating  cylinders  contains  a  pair  of 
opposed  pistons,  one  at  either  end  of  the  cylinder.  These 
pistons  are  forced  apart  by  the  hydraulic  pressure  set  up 
in  the  system  when  the  pedal  is  depressed  and  it  stands  to 
reason  that  the  pressure  on  both  pistons  in  all  four  actuat- 
ing cylinders  must  be  equal.  The  brake-bands  are  of  the 
external  contracting  type  and  are  pulled  together  by  two 
short  independent  levers.  One  end  of  each  of  these  levers 
bears  on  the  head  of  one  of  the  pistons  in  the  actuating  cylin- 
der and  the  other  end  exerts  a  pull  on  the  brake-band  end, 
tangential  to  the  drum,  when  the  brake-pedal  is  depressed. 

Any  leakage  of  liquid  from  the  system  is  compensated  for 
by  mounting  a  small  reservoir  on  the  dash  that  automati- 
cally  replenishes    the   master   cylinder.     When   the    master- 
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cylinder  piston  is  in  the  off  position  it  uncovers  several  small 
port  holes  that  are  in  direct  communication  with  the  reser- 
voir. 

Advantages  Claimed  for  Hydraulic  Brakes 

The  speaker  made  several  definite  claims  of  superiority 
for  the  hydraulic  type  of  brake  over  the  mechanical  type. 
Since  there  are  fewer  mechanical  joints  in  the  hydraulic  sys- 
tem, the  friction  loss  in  the  operating  mechanism  is  claimed 
to  be  lowered  considerably.  This  advantage  becomes  pro- 
nounced after  several  months  of  service,  when,  due  to  a  lack 
of  proper  lubrication,  the  mechanical  brakes  show  wear  in 
some  joints  and  seizing  or  binding  in  others.  The  flexible 
connection  between  the  brakes  and  the  chassis  prevents 
trouble  due  to  the  improperly  related  movement  of  a  me- 
chanical brake-linkage.  Brake  adjustment  is  not  affected  by 
a  change  of  loading  in  the  car.  The  movement  of  the  body  in 
relation  to  the  axles  when  traveling  over  rough  roads  does 
not  react  against  the  brake-pedal.  This  condition  does  ex- 
ist in  some  forms  of  mechanical  brake  and  is  particularly  no- 
ticeable when  coasting  down  a  rough  grade,  the  brakes  hav- 
ing a  tendency  to  lock  and  release  alternately,  due  to  the 
spring  movement.  Pedal  pressure  in  the  hydraulic  system 
is  moderate.  It  is  not  necessary  to  employ  any  servo  mech- 
anism because  of  the  higher  mechanical  efficiency,  the  ab- 
sence of  any  lost  motion  and  the  large  contact  surface  of 
the  external  brake-band. 

Mr.  Loughead  described  an  accurate  method  of  measuring 
the  distance  required  to  bring  a  car  to  a  stop.  A  pistol  is 
mounted  rigidly  on  the  car  frame  and  its  trigger  is  con- 
nected to  the  brake-pedal  so  that  the  depressing  of  the  pedal 
1  in.  fires  a  shot  into  the  road  surface.  When  the  car  comes 
to  a  stop,  the  distance  is  measured  from  the  muzzle  of  the 
pistol  to  the  point  where  the  shot  entered  the  road.  This 
gives  a  far  more  accurate  result  than  depending  upon  the 
driver  to  depress  the  pedal  when  he  crosses  a  line  or  is 
given  a  signal.  Test  results  using  this  method  were  pre- 
sented by  the  speaker  for  a  car  weighing  4400  lb.  with 
driver;  weight  on  the  front  wheels,  2000  lb.;  weight  on  the 
rear  wheels,  2400  lb.;  using  35  x  5-in.  tires  inflated  to  65 
lb.  per  sq.  in.;  and  operating  on  a  concrete  road. 

Distance  Required 
Braking  on  To  Stop,  Ft. 

Rear   Wheels    Only 89.2 

Front  Wheels  Only 67.6 

All   Wheels    36.8 

Mr.  Loughead  recommended  providing  approximately  1 
sq.  in.  of'brake-lining  for  each  12.5  lb.  of  total  car  weight, 
fully  loaded.  Increasing  this  ratio  to  16  lb.  results  in  burned 
linings  and  a  reduced  coefficient  of  friction. 

External  Brakes  Preferred  to  Internal 

External  brakes  are  preferred  by  Mr.  Loughead  for  sev- 
eral reasons.  When  internal  brakes  are  used  repeatedly  or 
on  long  grades,  the  expansion  of  the  heated  drum  may  reach 
a  point  where  contact  with  the  lining  is  not  possible.  With 
external  brakes,  heating  the  drums  results  in  an  increase  of 
available  pedal  travel.  Oil  and  grease  are  less  likely  to  leak 
from  the  axles  onto  the  external  brakes.  Due  to  the  fact 
that  both  distortion  and  expansion  must  be  combatted  in  the 
internal  design,  it  is  difficult  to  attain  a  high  ratio  of  pedal 
movement  to  brake-shoe  movement  for  a  given  pedal-pressure. 

The  liquid  used  in  the  hydraulic  braking  system  is  a  mix- 
ture of  alcohol  and  glycerine;  60  per  cent  of  glycerine  and 
40  per  cent  of  alcohol.  The  speaker  favored  having  all  four 
brakes  adjusted  to  apply  at  the  same  instant  instead  of  hav- 
ing the  rear  brakes  act  in  advance  of  the  front.  If  one  of 
the  lead  lines  or  hoses  leaks  or  breaks,  the  system  becomes 
inoperative.  About  35  lb.  would  be  added  to  the  weight 
of  a  front  axle  of  the  Cadillac  car  by  adopting  front-wheel 
brakes  of  the  hydraulic  type.  The  front-axle  forging  of 
any  car  must  be  redesigned  to  withstand  the  braking  torque 
when  front-wheel  brakes  are  added.  It  is  claimed  that  the 
tire  mileage  is  increased  with  four-wheel  brakes  because  of 
a  lesser  tendency  to  lock  the  wheels  in  ordinary  service  and 
a  reduction  in  skidding.    Rawhide  is  used  to  pack  the  pistons 


and  prevent  any  leakage  of  the  fluid  from  the  hydraulic 
actuating  cylinders.  The  brakes  do  not  need  to  be  relined 
frequently  when  used  on  all  wheels  since  the  wear  is  dis- 
tributed over  a  much  greater  braking  surface. 

T.  J.  Litle,  Jr..  outlined  his  experience  with  four-wheel 
brakes  of  the  hydraulic  type,  stating  that  he  had  found  them 
very  effective  and  had  not  experienced  any  serious  difficulty 
due  to  locking,  or  because  all  wheels  did  not  brake  uniformly. 
Clarence  Carson  took  issue  with  Mr.  Loughead  regarding  the 
attainment  of  satisfactory  equalization.  He  said  that  the 
wide  variation  in  frictional  coefficient  of  commercial  brake- 
lining  upsets  the  finest  adjustment  or  mechanical  equalization 
by  producing  a  totally  different  braking  effect  on  each  of  the 
four  drums,  even  though  the  band  pressure  might  be  equal. 
A.  L.  Clayden  discussed  the  scheme  of  braking  on  diagonal 
wheels,  saying  that  this  was  done  originally  in  England 
by  the  Argyll  engineers  to  insure  at  least  one  front  and 
one  rear  wheel  running  free  in  case  the  other  pair  locked. 
It  was  assumed  that  having  two  diagonal  wheels  free  would 
provide  better  control  of  the  car  in  a  skid  or  for  steering. 
This  plan  is  now  in  disfavor  because  the  increased  stopping 
power  with  all  four  brakes  acting  together  is  of  more  prac- 
tical value  for  safety  reasons  than  the  theoretical  advan- 
tage of  diagonal  braking. 


.    HIGHWAYS  AND  TRAFFIC  IN  A  CITY 


Major  F.  S.   Besson  Give*  \^  ashington   Section  Results 
of  His  Observations 

Several  newspapers  ran  front-page  accounts  of  the  Wash- 
ington Section's  meeting  on  May  4  when  Major  F.  S.  Besson, 
acting  engineering  commissioner  of  the  District  of  Columbia, 
spoke  on  Highways  and  Traffic,  basing  his  conclusions  on 
observation  of  the  transportation  situation  in  the  City  of 
Washington  and  other  municipalities  in  which  he  has  been 
studying  traffic  conditions. 

In  intvoducting  the  speaker,  Chairman  Warrington  re- 
minded the  audience  of  the  increasing  importance  of  trans- 
portation in  an  age  when  we  figure  not  how  far  one  place 
is  from  another,  but  how  long  it  will  take  to  cover  that 
distance.  The  40  miles  from  the  City  of  Washington  to 
Baltimore  is  now  thought  of  not  as  40  miles  but  as  a  45-min. 
run.  Increasing  improvement  in  transportation  is  respon- 
sible for  the  change  in  viewpoint,  as  it  decreases  the  time 
necessary  for  getting  from  one  place  to  another. 

Major  Besson  explained  that  streets  may  be  divided  into 
three  classes:  rapid-transit  streets,  local  streets,  traffic 
highways.  Rapid-transit  streets,  if  properly  laid  out,  in- 
variably become  business  streets.  The  motorist  should  use 
them  only  to  transact  business.  Local  streets  are  residential, 
commercial  or  industrial  in  character  and  should  be  used,  so 
far  as  possible,  only  for  the  purpose  for  which  they  were 
designed.  Traffic  highways  exist  primarily  for  hauling  and 
motoring.  They  should  afford  convenient  connections  be- 
tween residential,  commercial  and  industrial  districts,  and 
between  the  city  and  the  surrounding  country.  When  a 
traffic  highway  becomes  overburdened,  the  overflow  takes 
to  rapid-transit  and  local  streets.  Business  people  then 
complain  that  the  congestion  on  the  roadways  interferes  with 
the  transaction  of  business.  Often  the  traffic  engineer  looks 
no  farther  than  these  rapid-transit  and  local  streets  for  the 
trouble,  whereas  it  originates  in  the  lack  of  sufficient  traffic 
highways,  and  the  remedy  is  to  supply  more  of  them. 

Traffic  Problems  in  City  Planning 

From  a  traffic  standpoint,  an  intersection  consisting  of 
more  than  two  streets  is  objectionable,  though  from  the 
standpoint  of  appearance  very  beautiful  effects  can  be  ob- 
tained. Where  there  is  sufficient  area  for  the  installation 
of  a  central  circular  park,  and  rotary  traffic  to  the  right 
can  be  established,  conditions  are  greatly  improved.  If  there 
is  any  latitude  in  making  a  choice,  a  car-line  street  should 
not  pass  through  a  common  intersection  with  two  other 
streets.  Where  such  an  intersection  of  a  car  line  and  two 
other  streets  is  unavoidable,  the  installation  of  platforms  or 
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"islands"  will  be  a  great  protection  to  pedestrians. 

These  principles  should  be  remembered  in  laying  out  city 
blocks.  For  some  streets  it  is  desirable  to  discourage  traffic, 
except  that  having  to  do  with  abutting  property.  The 
roadways  of  these  streets  should  be  wide  enough  for  local 
requirements  only  and  need  not  be  continuous  for  long  dis- 
tances. For  others,  through  traffic  is  a  prime  consideration, 
and  interruptions  to  safe  and  rapid  travel  should  be  few. 

Streets  have  both  horizontal  and  vertical  directions.  Only 
the  former  have  been  discussed  so  far.  Vertical  directions 
are  usually  treated  under  the  heading  of  grades.  No  definite 
rules  can  be  given  for  the  maximum  permissible  grades. 
Judgment  alone  can  gain  the  best  results  in  fitting  streets 
to  the  terrain.  A  few  cities  have  examples  of  street  grades 
of  close  to  20  per  cent.  Some  rapid-transit  streets  are 
known  to  have  grades  of  more  than  10  per  cent  on  which, 
of  course,  operation  is  costly.  A  street  cannot  serve  satis- 
factorily as  a  traffic  highway  if  it  has  grades  as  steep  as 
10  per  cent.  Even  6  to  8-per  cent  grades  are  undesirable, 
but  they  may  be  used  for  short  lengths,  if  lesser  grades  are 
impracticable.  If  they  continue  for  more  than  one  block, 
6  to  8-per  cent  grades  will  slow  up  traffic  markedly.  Grades 
of  from  4  to  6  per  cent  are  proportionately  less  undesirable, 
while  any  grades  up  to  4  per  cent  may  be  used  without 
hesitancy  for  traffic  highways. 

Choice  of  the  Right  Grade  Imperative 

The  grades  to  be  adopted  depend  to  a  great  extent  on  the 
nature  of  the  terrain.  In  this  matter  foresight  is  needed, 
for  much  money  has  been  spent  in  correcting  at  a  later  date 
the  "follow-the-ground"  policies  of  an  earlier  design.  In 
the  establishment  of  grades  on  rapid-transit  streets  and 
traffic  highways,  the  needs  of  traffic  are  of  first  importance. 
On  local  streets,  the  needs  of  abutting  property  are  given 
greater  consideration,  though  intersecting  traffic  highways 
or  rapid-transit  streets  may  definitely  fix  for  short  dis- 
tances the  grades  on  local  streets. 

Whether  or  not  it  will  be  feasible  to  develop  an  area  often 
depends  upon  the  grades  established  for  the  surrounding 
streets.  While  the  basis  of  a  highway  system  of  a  city  should 
be  a  rectangular  plan,  such  departures  from  the  plan  should 
be  made  as  will  facilitate  traffic,  aid  real  estate  development 
and  simplify  drainage.  Real  estate  operators  should  be  en- 
couraged to  develop  property  along  natural  lines  to  the 
fullest  extent  of  their  financial  and  artistic  abilities,  as  long 
as  traffic  and  drainage  requirements  are  considered;  but 
in  all  developments  there  is  an  economic  limit  beyond  which 
it  is  not  advisable  to  go.  In  developing  ground  for  the  sale 
of  moderate-priced  homes,  house  and  lot  to  sell  for  certainly 
less  than  $30,000,  it  is  generally  necessary  for  the  land 
operator  to  destroy  practically  all  the  native  trees.  Unless 
parks  are  bought  and  paid  for  by  the  municipality,  they  are 
such  a  large  burden  upon  the  remainder  of  the  land  that 
none  but  the  very  wealthy  can  afford  to  buy  it.  Of  course, 
in  out-of-the-way  sections  of  the  suburbs  of  a  city,  where 
land  will  probably  never  sell  for  more  than  20  cents  per 
sq.  ft.,  it  is  practicable  to  set  aside  a  half-acre  of  rough 
ground  for  each  dwelling  and  to  keep  the  trees  in  their 
native  state.  On  the  other  hand,  such  an  arrangement  can- 
not be  countenanced  where  it  would  interfere  with  the  proper 
economic  growth  of  the  city. 

Width  a  Fundamental  Consideration 

We  must  look  into  the  future  when  we  lay  out  our  high- 
ways. The  width  of  streets  is  one  of  the  fundamentals 
vitally  affecting  the  expansion  of  cities  and,  while  it  is  a 
mistake  to  make  streets  too  narrow,  it  is  also  a  mistake  to 
make  them  too  wide.  As  a  large  portion  of  the  area  of  a 
city  is  occupied  by  streets,  above  30  per  cent  of  the  total 
area  on  the  average,  if  they  are  unnecessarily  wide,  land 
otherwise  available  for  buildings  is  wasted.  Space  other  than 
that  used  for  vehicles  or  pedestrians  is  extra  or  reserve 
width.  It  is  provided  as  a  matter  of  civic  pride  or  to  add 
beauty  and  comfort,  and  also  to  permit  the  expansion  of 
the  roadway  and  the  sidewalks  for  future  traffic. 

Widths  may  vary  according  to  the  class  of  street.     Ex- 


perience shows  that  in  laying  out  a  rapid-transit  street, 
provision  should  be  made  for  double  tracks  and,  when  the 
business  character  of  the  street  has  developed,  there  should 
be  available  a  roadway  of  at  least  54  ft.  A  total  of  54  ft. 
is  the  minimum  width  permitting  free  passage  between 
street  cars  and  vehicles  parked  at  the  curb.  This  width 
allows  the  installation  of  ear-loading  platforms,  so  that 
vehicles  can  pass  between  them  and  the  curbs  while  the 
cars  are  taking  on  and  discharging  passengers.  The  pro- 
vision of  these  platforms  is  important,  for  they  protect 
persons  boarding  and  leaving  the  cars  and  give  vehicles  a 
freedom  of  movement  that  adds  greatly  to  the  traffic  capacity 
of  the  street.  Further  widening  within  a  certain  range, 
as  for  instance  to  65  ft.,  is  uneconomical.  It  is  too  narrow 
for  three  lines  of  traffic  between  the  track  and  the  curb 
and  serves  two  lines  not  much  better  than  a  width  nearer 
to   the   minimum. 

For  streets  of  greater  importance,  a  step  up  to  approxi- 
mately 72  ft.  is  necessary.  This  roadway  is  wide  enough 
to  accommodate  two  streams  of  traffic  between  vehicles  at 
the  curb  and  the  street  cars.  Actually,  however,  such  use 
is  curtailed  by  the  tendency  of  traffic  to  take  the  center  of 
the  available  space  in  single  file.  An  excellent  plan  for 
using  a  72-ft.  car-line  roadway  is  to  stop  cars  at  an  angle 
or  perpendicular  to  the  curb.  This  not  only  gives  shoppers 
increased  parking  facilities,  but  also  allows  trucks  to  unload 
to  advantage.  At  car-loading  platforms,  vehicles  may  stop 
parallel  to  the  curb  and  still  leave  a  free  passageway. 

A  roadway  cannot  serve  satisfactorily  as  a  traffic  high- 
way unless  it  can  provide  for  two  unhampered  lines  of  mov- 
ing vehicles  in  either  direction.  In  the  development  of  such 
a  highway,  Major  Besson  believes  that  an  expensive  pave- 
ment for  the  full  width  is  not  justified  in  the  earlier  stages. 
Using  a  cheaply  constructed  pavement  for  the  entire  width 
gives  a  surface  with  a  probable  life  of  from  10  or  15  years, 
but  with  a  high  yearly  maintenance  that  rapidly  increases 
as  the  payment  grows  older  and  traffic  increases.  The 
money  spent  for  such  a  pavement  is  spread  over  a  large 
area,  but  when  a  better  style  is  demanded,  the  old  pavement 
has  little  or  no  salvage  value.  The  more  economical  way 
seems  to  be  a  progressive  development  from  a  9-ft.  to  an 
18-ft.  roadway  and  on  through  to  the  final  width  of  54  ft. 
One  advantage  of  this  gradual  development  is  that  con- 
struction is  paid  for  in  installments  commensurate  with 
the  volume  of  traffic  that  is  served. 

The  problem  of  pavement  design  to  take  adequate  care 
of  transportation  gross  weight  is  today  well  in  hand.  To 
provide  economically  for  the  probable  volume  of  transporta- 
tion is  a  larger  and  more  difficult  problem.  A  strong  pave- 
ment can  readily  be  substituted  for  a  weak  one,  but  unless 
plans  have  been  exceptionally  well  made,  it  is  seldom  that 
a  wide  roadway  can  be  substituted  for  a  narrow  one  in  the 
heart  of  the  city.  Everything  possible  should  be  done  to 
realize  the  full  capacity  of  the  roadway  width  that  is 
available. 

Effect  of  Width,  Length  and  Weight  of  Vehicles 

The  use  that  can  be  obtained  from  a  given  width  of 
roadway  depends  upon  the  width  of  vehicles  and  this,  except 
in  the  case  of  street  cars,  should  be  limited  to  not  more 
than  7%  ft.  Permits  may  be  granted  for  wider  vehicles, 
subject  to  restrictions  as  to  the  routes  to  be  followed  and 
the  time  of  day  passage  is  to  be  made.  The  length  of  vehicles 
in  the  near  future  will  also  need  restriction,  especially  if 
the  use  of  six-wheel  trucks  and  trailers  develops.  An  over- 
long  truck  is  difficult  to  park  without  closing  traffic  lanes, 
and  in  turning  a  corner,  the  overlong  truck  is  liable  to 
swing  out  and  damage  other  vehicles. 

Not  only  the  width  and  the  length  but  also  the  weight 
of  the  vehicles  must  be  considered  in  developing  the  maxi- 
mum capacity  of  highways.  It  would  not  be  wise  to  elimi- 
nate the  7%-ton  truck,  for  its  load  would  have  to  be  carried 
by  more  than  one  truck.  More  space  would  be  taken  on 
the  highway,  increasing  congestion  and  wear,  for  if  two 
types  of  truck  are  equally  well-designed,  carrying  the  load 
on  four  wheels  will  do  less  damage  than  carrying  it  on  20. 
Gross  weight  alone  is  not  the  all-important  factor.     Speed, 
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unsprung   weight,    wheel-loads,   character   of   tires,   tractive 
stress  on  the   pavement,  all  these  enter  into  the  question. 

.Maximum  Traffic  Capacity  Means  Control 

Passing  on  to  the  control  of  heavy  traffic,  Major  Besson 
up  Fifth  Avenue,  New  York  City,  before  and  after 
the  installation  of  the  new  traffic  towers,  as  an  example 
of  what  efficient  control  can  do.  The  present  system  of 
treating  vehicular  traffic  between  23rd  and  59th  Streets 
as  a  unit,  together  with  the  control  of  pedestrians,  has 
doubled  the  capacity  of  the  avenue  during  rush  hours.  To- 
day approximately  15,000  vehicles  pass  in  10  hr. 

Major  Besson  believes  that  one-way  traffic  is  funda- 
mentally wrong,  although  under  certain  conditions  it  serves 
a  good  purpose.  If,  for  instance,  two  roadways  carrying 
ly  through  traffic  lead  directly  between  two  points, 
one  of  them  may  well  be  used  for  travel  in  one  direction 
and  the  other  for  travel  in  the  opposite  direction.  Ordinarily, 
however,  the  system  of  one-way  streets  only  adds  to  the 
i-stion  of  both  one-way  and  two-way  streets,  the  latter 
generally  rapid-transit  streets  with  two-way  car  tracks. 

Suggested  Tax  on  Weight 

Within  the  permissible  gross  weights  for  vehicles,  certain 
regulation  is,  however,  required.  A  basic  rule  should  be 
that  trucks  may  not  carry  more  than  the  weights  for  which 
they  were  constructed,  and  in  accordance  with  which  the 
owners  have  paid  fees  in  obtaining  operating  permits.  _  The 
motor-vehicle  industry  condemns  overloading  and  builders 
generally  are  arriving  at  a  point  where  they  furnish  caution 
plates  stamped  with  the  chassis  and  body  weights  and  the 
load  capacities.  In  accordance  with  the  data  furnished 
by  the  builders,  the  license  bureau  should  make  certain  that 
the  permissible  gross  weights  are  painted  on  the  sides  of 
all  cargo  vehicles,  and  fees  should  conform  to  these  gross 
weights.  The  main  principle  of  the  suggested  rate  is  that 
vehicles  are  taxed  on  a  graduated  scale.  It  may  not  be 
absolutely  accurate  as  judged  from  the  pavement  stand- 
point, but  it  is  as  nearly  so  as  can  be  made  under  the  present 
state  of  our  knowledge.  Such  a  tax,  if  properly  adminis- 
tered, would  return  more  than  $2,000,000  a  year,  at  the 
rate  of  approximately  $10  for  a  Ford  roadster,  $16  for  an 
ordinary  touring  car  and  $140  for  a  7M>-ton  truck,  the  maxi- 
mum limit.  The  gasoline  tax,  on  the  other  hand,  wTould  be  in- 
adequate, unless  an  excessive  tax  per  gallon  were  levied. 

Major  Besson's  paper,  which  was  well-illustrp^ed  by  many 
slides,  was  followed  by  discussion  of  some  of  the  points 
raised. 

During  the  business  session  that  preceded  the  presenta- 
tion of  the  paper.  A.  W.  S.  Herrington,  vice-chairman  of  the 
Washington  Section  for  the  coming  year,  was  elected  to 
represent  the  Section  on  the  National  Nominating  Com- 
mittee that  will  meet  at  Spring  Lake  during  the  Summer 
.Meeting  of  the  Society.  W.  S.  James,  of  the  Bureau  of 
Standards,  has  been  reappointed  chairman  of  the  Meetings 
Committee,  and  P.  B.  Lum,  of  the  Auto  Car  Sales  &  Service 
Co.,  is  to  be  chairman  of  the  Membership  Committee. 


AERODYNAMICS  OF  MILITARY  PLANES 


Fundamental  Principles  of  Design  Presented  to  Dayton 

Section  by  W.  F.  Gerhardt 

Two  hundred  members  and  guests  of  the  Dayton  Section 
were  at  the  Engineers  Club  on  May  1  to  hear  W.  F.  Gerhardt 
speak  on  Fundamental  Principles  of  the  Design  of  Military 
Airplanes.  Mr.  Gerhardt,  an  aeronautical  engineer  in  the 
flight  test  section  of  the  Air  Service  at  McCook  Field, 
covered  very  thoroughly  the  problem  of  aeronautic-engi- 
neering technique  in  the  development  of  military  aircraft. 
^\Ir.  Gerhardt  introduced  his  subject  by  analyzing  a  typical 
modern  research  problem  to  determine  the  logical  sequence 
in  which  military-aircraft  development  should  be  studied, 
for  in  this,  as  in  other  fields,  it  is  of  little  use  to  begin  to 
do  a  thing  before  what  is  to  be  done  is  known. 


The  paper  proper  began  with  a  discussion  of  the  mark 
toward  which  the  development  of  military  aircraft  is  aimed. 
It  went  on  to  analyze  the  means  at  the  disposal  of  the 
aeronautic  engineer  in  the  solution  of  tactical  problems,  so 
that  designs  for  military  airplanes  can  be  drawn  in  ac- 
cordance with  the  practical  demands  to  be  made  upon  them. 
After  pointing  out  the  general  inter-relation  of  these  tech- 
nical means  of  solution,  Mr.  Gerhardt  discussed  the  relative 
importance  of  different  types  of  airplane,  propeller,  engine, 
armament  and  other  equipment.  Passing  on  to  aerody- 
namics, he  demonstrated  that  the  general  theory  of  airplane 
performance  is  based  upon  an  analysis  of  the  forces  acting 
on  an  airplane,  and  that  by  this  analysis,  such  quantities 
as  speed,  rate  of  climb,  radius  and  velocity  of  turn,  can  be 
expressed  as  functions  of  the  airplane's  dimensions.  The 
graphic  solutions  that  Mr.  Gerhardt  has  worked  out  permit 
the  selection  of  dimensions  to  secure  any  performance  de- 
sired. The  designing  theorems  showing  what  dimensions 
of  the  airplane  most  affect  any  given  performance  were  also 
stated.  With  these  the  designer  can  be  sure  to  make  his  im- 
provement in  the  right  direction  for  economical  operation. 
Similar  graphs  and  theorems  were  shown  for  the  stability 
and  the  controllability  of  the   airplane. 

Mr.  Gerhardt's  very  valuable  paper  closed  the  Section 
year,  as  there  will  be  no  meetings  of  the  Dayton  Section 
in  June,  July  and  August. 


ALLOY-STEEL  AND  BEARING  ALLOYS 


Crucible  Process  the  Best  for  Former — Characteristics 

of  Latter  Described 

At  the  regular  monthly  meeting  of  the  Metropolitan  Sec- 
tion on  May  17  two  carefully  prepared  papers  were  pre- 
sented. The  first  by  J.  A.  Mathews,  president  of  the  Crucible 
Steel  Co.  of  America,  dealt  with  the  Present  and  the  Future 
of  Alloy-Steels,  and  the  second  by  C.  L.  Landon,  chief  engi- 
neer of  the  American  Bronze  Corporation,  Berwyn,  Pa.,  was 
on  Copper-Rich  Bearing  Alloys. 

Doctor  Mathews  said  that  it  is  seldom  that  any  process 
is  discovered  that  cannot  be  improved  upon,  but  that  the 
crucible  process  of  making  steel  is  an  exception  and  had 
never  been  surpassed.  The  Bessemer  process,  invented  in 
1865,  is  a  marvel  for  quantity  but  not  for  quality.  The 
Siemens-Martin  or  open-hearth  process,  invented  in  1868, 
is  also  a  quantity  process  but  is  superior  to  the  Bessmer  in 
the  quality  of  the  steel  produced.  The  fourth  and  latest 
process,  the  electric  furnace  that  very  opportunely  came  into 
use  during  the  closing  years  of  the  nineteenth  century  just 
prior  to  the  introduction  of  the  automobile,  offers  the  nearest 
approach  to  crucible  steel,  but  seldom  equals  and  never  excels 
it.  Crucible  melting  is  not  suitable  for  manufacturing  large 
quantities  of  low-carbon  steels  but  the  electric  furnace  is 
ideally  suited  for  this  work.  Crucible  steel  will  continue  to 
be  used  for  the  highest  grades  of  tool  steel  and  the  electric 
furnace  for  the  highest  types  of  alloy-steel.  The  chief  diffi- 
culty with  the  electric  furnace  is  that  the  furnaces  are  built 
faster  than  skilled  operators  can  be  trained;  it  is  not  a 
cure-all  for  steel  troubles,  nor  an  automatic  device  that 
can  be  operated  by  anyone,  regardless  of  his  experience  or 
lack  of  it.  The  problem  of  steel  melting  consists  of  melting 
in  the  absence  of  oxidizing  conditions  and  out  of  contact 
with  the  products  of  combustion.  The  crucible,  practically 
sealed,  gives  the  nearest  approach  to  ideal  conditions;  the 
electric  furnace  has  little  to  contend  with  in  the  way  of 
contact  with  the  products  of  combustion  and  little  air  cir- 
culates in  the  furnace.  But  the  unit  is  larger  and  the  ingot 
is  larger,  which  is  its  first  disadvantage,  and  pipes,  seams 
segregations,  blow-holes  and  surface  imperfections  increase 
in  geometrical  proportion  to  the  size  of  the  ingot.  The  4-in. 
crucible  ingot  is  the  ideal  size  and  when  the  steel  is  skill- 
fully melted  and  poured  blow-holes  and  segregations  are 
negligible.  The  best  melted  steel  should  pipe  but  the  pipe 
should  be  located  near  the  top  and  enough  metal  should  then 
be  discarded  to  get  below   it. 
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Present  Practice  Criticized 

Present  practice  both  of  making  and  of  using  alloy-steels 
is  not  altogether  sound.  Analysis  is  over-emphasized.  Steels 
of  identical  analysis  may  differ  widely.  Tension  tests  do 
nut  always  show  the  difference.  Steels  apparently  identical 
differ  in  brittleness.  Comparative  analyses  must  be  used 
with  judgment  and  with  much  additional  information  taken 
into  consideration.  Many  users  seem  to  think  they  are  get- 
ting more  for  their  money  from  the  maker  who  offers  a 
greater  percentage  of  alloy.  Steel-making  ability  rather 
than  chemical  analysis  should  be  the  determining  factor. 
and  the  maker  should  be  chosen  who  makes  the  best  steel 
of  the  specified  percentage  of  alloy. 

In  most  cases,  sulphur  and  phosphorus  should  be  as  low 
as  possible,  but  for  an  equal  carbon-content  they  are  less 
injurious  in  crucible  steel  than  in  other  grades.  In  electric 
steel  low  sulphur  may  be  taken  as  an  indication  of  the  success 
with  which  deoxidizing  conditions  have  been  attained  in  the 
working  of  the  heat.  Sulphur  in  steel  exists  as  separate 
microscopic  particles  of  manganese  sulphide  and  is  liable 
to  segregate.  Other  inclusions,  non-metallic  and  non-ferrous, 
that  may  be  present  in  smaller  or  greater  amounts,  are  not 
shown  by  analysis  and  frequently  escape  detection  under 
the  microscope.  Oxides  of  the  very  elements  used  to  make 
the  alloy  may  be  present  and  analysis  may  show  the  total 
amoun-t  of  alloy  present  without  showing  that  part  of  it  is 
an  oxide  or  a  silicate.  Slag  may  be  finely  divided.  The 
effect  of  inclusions  is  essentially  that  of  minute  internal 
cracks.  An  examination  of  material  that  has  cracked  often 
will  reveal  that  the  crack  runs  through  groups  of  inclusions 
or  has  its  origin  in  a  segregated  area. 

During  the  war  very  serious  trouble  developed  in  material 
used  for  aircraft  production,  due  largely  to  two  defects  that 
were  christened  "snowflakes"  and  "hairlines."  The  snow- 
flakes  were  caused  mainly  by  poor  melting  and  pouring  by 
inexperienced  makers.  One  company  was  reported  to  have 
melted  1000  tons  of  steel  to  deliver  100  tons  of  billets  of  a 
certain  analysis.  In  one  case  it  was  shown  that  the  snow- 
flakes  could  be  made  to  disappear  by  reworking  the  steel  at 
proper  heats.  Hairlines  are  less  readily  detected  because 
they  are  usually  so  minute  that  they  do  not  appear  until 
the  part  is  finished  and  polished.  They  seem  to  be  definitely 
associated  with  minute  inclusions,  drawn  out  into  filaments, 
from  which  the  included  matter  falls  out  during  the  grinding 
and  polishing.  Although  their  true  significance  as  a  cause 
of  failure  has  not  been  positively  determined,  if  they  were 
too  numerous,  appeared  stringy  or  occurred  in  fillets,  crank- 
shafts showing  them  were  rejected.  The  name  "sonims"  has 
been  suggested  for  non-metallic  impurities  in  steel. 

Experiments  that  have  been  made  with  chrome-nickel 
steels  that  were  first  class  in  every  particular  showed  them 
to  be  not  as  sensitive  as  supposed,  and  that  the  material 
had  not  been  seriously  injured  by  the  excessive  temperature 
of  drop-forging.  Other  unusual  tests  failed  to  develop  any 
defects.  It  would  be  desirable  if  forms  of  non-destructive 
tests  could  be  developed  that  would  tell  the  true  condition 
of  things  in  the  finished  part  without  destroying  it  or  in- 
volving the  assumption  that  the  material  in  the  part  is  the 
same  as  that  of  other  sample  parts  that  had  been  tested. 
Magnetic  analysis  has  been  attempted  but  with  small  promise 
of  success  except  in  particular  instances.  Conductivity  tests 
cannot  yet  be  interpreted  in  terms  of  other  properties. 

An  investigation  of  the  fatigue  of  both  nickel  and  chrome- 
nickel  steels  has  shown  that,  although  heat-treatment  raises 
the  proportional  elastic-limit  and  the  tensile-strength,  it  adds 
little,  if  anything,  to  the  fatigue  resistance.  Fatigue  failure 
has  been  proved  to  be  a  progressive  failure,  starting  in  all 
cases  in  some  defect  or  irregularity  of  the  internal  structure 
or  external  surface.  Freedom  from  flaws  is  therefore  more 
important  in  members  that  are  to  be  subjected  to  repeated 
stresses  than  in  those  having  few  repetitions  of  load. 

The  Human  Element  in  Steel  Making 

The  manufacture  of  fine  steel  depends  on  the  human  ele- 
ment engaged  in  the  making  of  it  and  on  the  exercising  of 
never-ceasing  care.   This  is  also  true  of  the  heat-treatment  of 


the  finished  parts.  The  consideration  of  a  simple  alloy-steel 
in  all  its  properties  would  call  for  the  following  program: 
(a)  complete  chemical  analysis,  including  elements  not 
usually  determined  and  the  included  gases;  (6)  the  deter- 
mination of  the  recalescence  and  the  decalescence  tempera- 
tures as  a  basis  for  subsequent  heat-treatment  operations; 
(c)  a  wide  series  of  hardening  experiments  at  a  variety  of 
drawing  temperatures;  (d)  tensile,  impact,  vibratory  and 
dynamic  tests  under  all  conditions  of  heat-treatment;  (e) 
microscopic  tests  for  investigating  the  grain  size  and  for 
determining  the  constituents  present  and  corresponding  to 
a  definite  heat-treatment,  slag  and  other  inclusions,  segrega- 
tion, ferrite  streaks,  and  the  like;  (/)  tests  of  the  magnetic 
and  the  electrical  properties  corresponding  to  changes  in  the 
physical  and  the  chemical  condition  of  the  steel;  and  (g) 
hardness  tests  by  the  Brinell  and  scleroscope  methods. 

There  is  little  doubt  that  the  electric  furnace  will  be  the 
source  of  the  alloy-steels  of  the  future  when  the  highest 
quality  is  demanded.  Its  principal  advantages  lie  in  the 
facts  that  easily  oxidizing  metals  like  vanadium,  chromium 
and  manganese  are  readily  handled  and  that  smaller  amounts 
of  them  need  be  handled  to  give  a  final  minimum  of  content 
in  the  steel;  that  less  of  the  oxides  will  be  produced  and 
removed  from  the  steel;  that  sulphur  and  phosphorus  can 
readily  be  controlled  and  eliminated ;  that  as  the  steel  is 
made  in  the  furnace  itself  rather  than  in  the  ladle,  a  better 
opportunity  is  afforded  for  the  solution,  the  diffusion  and  the 
homogeneity  of  the  product;  and  that  it  performs  an  eco- 
nomic function  because  of  its  adaptability  for  handling  and 
recovering  the  alloy  values  contained  in  scrap. 

H.  M.  Crane  said  that  his  experience  bore  out  Doctor 
Mathews'  statement  that  the  steel's  being  clean  and  free  from 
non-metallic  impurities  is  in  some  ways  more  important  than 
the  alloys  it  contains. 

Effect  of  Tin  and  Copper  Proportions  on  Bearing 

Metals 

Mr.  Landon  gave  many  interesting  facts  regarding  the 
structure  and  characteristics  of  bearing  metals,  of  which, 
he  said,  the  tin  bronzes  are  the  most  important.  Although 
they  always  contain  other  elements  that  may  have  been 
added  intentionally  or  may  be  present  as  impurities,  the 
structure  and  characteristics  of  a  given  alloy  may  be  pre- 
dicted by  the  relative  proportions  of  these  two  ingredients. 
In  solidifying  they  take  a  series  of  crystal  forms,  each  stable 
under  definite  conditions  of  concentration  and  temperature. 
At  high  temperature  the  mixture  is  entirely  fluid.  As  the 
temperature  is  lowered  progressive  solidification  takes  place 
with  a  characteristic  dendritic  or  tree-like  structure,  the 
arms  being  composed  of  tin-rich  Alpha  crystals  in  which  are 
imbedded  Delta  crystals,  still  richer  in  tin.  This  phenomenon 
of  fractional  solidification  is  known  as  "liquation."  If 
allowed  to  proceed  to  an  extreme,  liquation  is  very  pro- 
nounced, large  areas  of  high  tin-content  forming  and  pro- 
ducing a  condition  called  "tin  sweating."  Molten  copper 
and  tin  oxidize  readily.  The  addition  of  zinc  reduces  the 
copper  oxide,  forming  zinc  oxide.  Both  zinc  oxide  and  tin 
oxide  are  more  injurious  than  copper  oxide,  but  they  both 
rise  to  the  surface  and  may  be  removed.  Phosphorus  is  a 
still  more  powerful  deoxidizing  agent.  The  metals  in 
which  it  is  used  are  called  phosphor-bronzes,  although  the 
phosphorus-content  may  be  very  low  or  even  zero.  The 
brittleness  increases  with  the  tin-content,  the  normal  re- 
quirements of  a  "hard  cast  bronze"  being  satisfied  by  a 
tin-content  of  from  10  to  14  per  cent.  If  an  intensely  hard 
cast  bronze  is  desired,  approximately  3.6  parts  of  zinc  may 
be  added  to  a  14-per  cent  tin-content.  This  produces  what 
is  known  as  the  Navy  H  alloy.  The  addition  of  smaller 
amounts  to  a  10-per  cent  tin  concentration-mixture  forms 
the  Navy  G  and  S.A.E.  No.  62  alloys.  The  addition  of 
lead  decreases  the  original  homogeneity,  the  strength  and 
the  toughness  and  provides  a  new  series  of  metals  of  special- 
ized characteristics  that  possess  good  machining  qualities 
and  an  ability  to  "wear  in"  and  "seat"  themselves.  These 
characteristics  increase  with  an  increase  of  the  lead-content 
and  are  not  obtained  in  the  harder  alloys. 
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In  addition  to  the  copper-tin  alloys,  copper-zinc  alloys, 
or  "brasses,"  are  used  as  bearing  metals,  usually  in  a  worked 
form.  Their  strength  and  ductility  increase  with  an  increase 
of  the  zinc-content  up  to  the  limit  of  the  Alpha  field.  Lead 
is  frequently  added  to  facilitate  machining.  Alloys  with 
a  zinc-content  of  from  35  to  40  per  cent  have  had  a  rather 
extensive  use  as  bearing  metals,  especially  in  the  smaller 
sizes.  In  large  sizes  a  10-per  cent  content  is  frequently 
used.  When  it  is  prepared  for  cold-working  a  slight  amount 
of  tin  is  added. 

The  only  condition  that  must  be  met  in  a  bearing  is  the 
constraining  and  defining  of  the  motion  of  one  part  of  a 
mechanism  relative  to  another  part  of  the  same  mechanism. 
Any  bearing  that  performs  this  function  satisfactorily  and 
maintains  this  condition  of  mechanical  satisfaction  for  a 
sufficient  length  of  time  consistent  wth  current  practice  is 
satisfactory  mechanically,  regardless  of  its  type,  material  or 
other  considerations.  If  cost  and  operating  requirements 
also  are  satisfactory,  every  engineering  condition  is  fulfilled. 
As  wear  is  inevitable,  the  only  factors  that  can  be  controlled 
are  the  total  rate  of  wear  and  the  relative  wear  between 
the  journal  and  the  shaft.  The  ability  to  resist  wear  de- 
pends upon  the  internal  structure  of  the  metal,  that  is,  its 
molecular  cohesion,  which  in  turn  depends  on  the  shear 
strength,  the  tensile-strength  and  the  density  of  the  material. 
The  relative  surface  hardness  of  the  journal  and  bearing 
should  be  such  as  to  localize  the  greater  part  of  the  wear  on 
the  part  that  is  easiest  and  cheapest  to  replace. 

Requirements  of  a  Good  Bearing-Metal 

In  the  discussion  that  followed  Sam  Tour  referred  to  the 
fact  that  single  pure  homogeneous  metals,  irrespective  of 
strength,  do  not  make  good  bearing-metals,  but  that  these 
are  composed  of  intimate  mixtures  of  hard  and  relatively 
soft  particles  of  microscopic  size.  The  hard  particles  support 
the  load  and  resist  the  wear  when  actual  contact  exists 
between  the  bearing  surfaces;  the  soft  particles  allow  the 
hard  particles  to  adjust  themselves  to  the  journal.  The  soft 
particles  wear  down  slightly  below  the  surface  of  the  bear- 
ing and  form  slight  depressions  in  which  some  of  the  lubri- 
cant is  held  when  the  surfaces  are  brought  into  contact  with 
each  other.  It  is  this  characteristic  of  certain  alloys  to  form 
these  slight  depressions  and  provide  a  means  for  retaining 
the  lubricant  that  characterizes  them  as  true  bearing-metals. 
It  is  not  strength,  toughness  or  ductility  that  does  it,  but 
the  difference  between  its  component  crystals.  If  a  journal 
were  absolutely  smooth,  true  and  cylindrical,  so  that  polish- 
ing would  not  be  necessary,  the  journal  could  be  made  in- 
finitely hard  and  would  give  perfect  performance  on  a 
lubricant-retaining  bearing-metal.  But  as  perfect  align- 
ment is  not  possible  the  journal  must  be  soft  enough  so 
that  the  bearing  will  polish  it  and  the  hard  particles  in  the 
bearing  must  be  soft  enough  so  that  they  will  not  continue 
to  scratch  and  wear  the  journal.  The  hardest  particles 
should  be  of  the  same  hardness  as  those  of  the  journal  and 
there  should  be  a  polishing  effect  rather  than  an  abrasion 
tendency  between  the  two  metals. 

Heat  conductivity  is  another  important  factor.  The  amount 
of  attention  that  the  bearing  will  receive  must  also  be  con- 
sidered. If  forced  lubrication  is  used  bronze  bearings  would 
be  satisfactory,  but  if  the  human  element  enters  a  babbitt- 
lined  bearing  would  be  preferable.  A  bronze  bushing  is 
now  being  made  by  compressing  granulated  metals.  The 
powdered  oxides  of  tin,  lead  and  copper,  together  with  gra- 
phite in  any  desired  proportions,  are  compressed  into  the 
form  of  a  bushing  and  are  then  reduced  in  an  atmosphere 
of  hydrogen.  This  results  in  a  very  porous  bearing  that 
when  boiled  in  oil,  absorbs  from  5  to  6  per  cent  of  its  weight 
of  oil  and  acts  as  a  self-oiling  bearing.  Another  laboratory 
has  taken  powdered  metals  instead  of  their  oxides  and  com- 
pressed them  with  or  without  graphite,  heating  them  to  a 
temperature  at  which  they  just  begin  to  amalgamate  and 
then  boiling  them  in  oil. 

H.  M.  Crane,  referring  to  the  use  of  lead  in  bearings, 
described  a  transmission  brake  with  a  hardened  brake-drum 
and  shoes  of  what  was  called  plastic  bronze,  having  a  large 


lead-content.  When  the  brake-drum  was  not  run  to  a  point 
of  extreme  heat,  even  without  lubrication  a  mirror-like  polish 
was  obtained  on  the  drum  without  any  wear  on  the  brake- 
shoes.  A  single  set  of  liners  could  be  used  for  2  years  with 
possibly  1/32  in.  of  wear.  On  airplane  engines  babbitt 
metal  formerly  was  used,  but  recently  a  bronze  with  a  high 
lead-content  has  been  tried,  which  apparently  can  stand 
occasional  metal  contact,  and  because  of  its  greater  rigidity 
and  because  it  is  homogeneous,  will  run  indefinitely  with- 
out disintegration. 

The  meeting  was  concluded  by  a  series  of  motion  pictures 
illustrating  the  historical  development  and  the  modern  pro- 
cesses of   alloy-steel  manufacture. 


RACES  ENCOURAGE  DESIGN  PROGRESS 


Fred  S.  Duesenberg 


Frerl  Duesenberg  Credits  Track  with  Many  Important 
Engineering  Developments 

Lessons  taught  on  the 
speedway  and  race  track 
can  be  applied  with  modifi- 
cation to  touring-car  prac- 
tice to  very  great  advan- 
tage. This  has  been  the 
experience  of  Fred  Dues- 
enberg who  has  made  such 
an  excellent  record  in  the 
design  of  winning  racing 
cars  and  engines.  He  ad- 
dressed the  Indiana  Sec- 
tion of  the  Society  on 
May  3  on  Engineering 
Information  from  the  Race 
Track. 

The  struggle  for  ex- 
treme endurance,  ex- 
traordinarily light  weight, 
great  strength  and  maxi- 
mum efficiency  for  a  given 
size  of  engine,  exacts  a  high  degree  of  engineering  pro- 
ficiency. Proper  lubrication  stands  foremost  as  a  feature  of 
racing  design  that  must  always  be  kept  in  mind.  Mr. 
Duesenberg  listed  the  outstanding  points  of  design  and  con- 
struction of  racing  cars  in  the  following  order  of  importance: 

(1)  Cylinder-head  with  properly  located  valves 
and  spark-plug;  combustion-chamber  form 

(2)  Pistons;  weight,  balance  and  general  form 

(3)  Intake  manifolding;  design  and  length  are 
of  major  importance;  size  and  inner  surface 
contour  next 

(4) Valve  operating  mechanism;  design  of  first 
importance;   weight  of  operating  parts  next 

(5)  Valves;  size  and  port  area  of  great  import- 
ance; lift,  second;  timing,  third 

(6)  Connecting-rod;   balance,  weight  and  design 

(7)  Bearings;  size,  lubrication  and  material  of 
importance  in  order  named 

(8)  Crankshaft;  balance,  design  and  material 

(9)  Cooling  of  engine  and  oil 

(10)  Exhaust  manifold  and  piping 

(11)  Rear  axle;  weight  first  and  design  second 

(12)  Front  axle;   design  first  and  weight  second 

All  of  the  details  mentioned  in  this  list  should  receive  care- 
ful consideration  in  touring-car  design,  but  the  order  of  im- 
portance is  materially  changed.  For  example,  proper  mani- 
folding and   carburetion   would   stand   near   the  top   of  the 

list. 
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Racing  cars  must  be  steered  easily,  they  must  be  properly 
balanced,  the  weight  must  be  minimized  and  much  attention 
must  be  given  to  the  form  of  the  body  to  reduce  head  resist- 
ance from  the  air.  Reduction  of  weight  must  be  made  with 
the  greatest  care,  for  this  has  been  a  pitfall  for  many  de- 
signers. They  often  drill  holes  in  important  parts,  taking 
off  from  5  to  10  per  cent  of  the  total  weight  at  a  sacrifice  of 
from  40  to  50  per  cent  in  the  strength.  The  engine,  the  gas 
tank  and  the  radiator  must  be  mounted  so  that  twisting  of 
the  chassis  will  not  loosen  them.  Accessibility  is  of  major 
importance  in  racing-car  design  and  in  this  respect  many 
valuable  lessons  have  been  learned  that  are  now  applied  to 
touring-ear  practice.  The  comfort  and  safety  of  the  driver 
must  not  be  overlooked,  for  an  uncomfortable  driver  can- 
not conserve  his  energy  and  strength  for  the  exacting  de- 
mands of  race  piloting. 

Why  Not  an  Economy  Test? 

Mr.  Duesenberg  predicted  that  the  192:!  Indianapolis  race 
would  witness  surprising  revelations  of  high  efficiency  and 
maximum  power.  He  wondered  whether  it  would  not  be  of 
material  advantage  to  the  industry  if  some  form  of  economy 
test  or  competition  could  be  arranged.  At  present,  very 
little  thought  is  given  to  economy  in  the  design  of  racing 
engines;  maximum  power  and  speed  are  the  only  essential 
requirements. 

One  great  difficulty  met  in  racing  engineering  is  the  un- 
reliable reports  that  the  drivers  often  give  of  a  car's  per- 
formance and  faults.  Very  often  these  lead  to  design 
changes  that  are  unnecessary  and  unsound.  It  is  often  diffi- 
cult to  trace  down  the  fundamental  reason  why  one  car  is 
faster  than  another.  When  alterations  or  adjustments  are 
made,  they  are  seldom  made  one  at  a  time,  so  that  it  is  next 
to  impossible  to  trace  the  improved  performance  to  any  one 
particular  change.  Block  testing  to  attain  the  maximum  en- 
gine performance  is  not  always  reliable.  Mr.  Duesenberg 
cited  an  example  where  one  of  his  engines  had  been  removed 
from  a  car  that  was  acceptably  fast,  and  this  engine  put  on 
the  dynamometer  to  improve  its  power  output.  The  power 
was  increased  from  84  to  115  hp.  by  altering  the  timing,  the 
manifolds,  the  carbureter  adjustment  and  the  lubricating 
oils.  When  the  engine  was  again  placed  in  the  racing  chassis 
it  became  necessary  to  alter  all  of  the  block  test  adjustments 
to  attain  a  satisfactory  performance,  but,  in  the  end,  the 
performance  was  bettered  due  to  certain  of  the  changes  that 
had  been  made  as  a  result  of  the  dynamometer  study. 

Unsprung  Weight  and  Large  Tires 

The  reduction  of  the  unsprung  weight  is  important  in 
racing  cars.  Reducing  the  weight  of  the  rear  axle  25  lb.  on 
one  of  the  Duesenberg  cars  increased  its  speed  from  118  to 


121  m.p.h.  In  another  instance,  changing  from  34  x  4%  to 
33  x  5  tires  increased  the  car  speed  on  the  Indianapolis 
track  with  a  reduction  in  the  engine  speed.  The  cushioning 
effect  of  the  larger  tires  prevented  slippage  and  bouncing  of 
the  wheels.  Mr.  Duesenberg  credited  Jimmy  Murphy's  Irish 
grit  with  a  greater  part  in  the  winning  of  the  French  Grand 
Prix  than  the  four-wheel  brakes  with  which  his  car  was 
equipped.  Offsetting  the  crankshaft  from  the  cylinder  center 
%  in.  in  the  opposite  direction  from  that  of  rotation,  was 
a  feature  of  the  Grand  Prix  cars.  This  seemed  to  improve 
the  engine  performance  at  low  speeds  from  3  to  4  per  cent. 
Murphy  was  enthusiastic  about  this  feature  after  the  com- 
pletion of  the  race. 

Mr.  Duesenberg's  racing  experience  has  shown  him  that 
manifold  forms  have  much  to  do  with  the  engine  compres- 
sion. He  cited  tests  where  changes  in  the  length  of  the  ex- 
tension pipes  on  the  bottom  of  the  racing  carbureters  had 
materially  reduced  the  engine  compression.  Without  the 
tube  in  place,  a  maximum  compression  of  89  lb.  was  reached 
at  3000  r.p.m.  Replacing  the  extension  tube  reduced  the 
compression  at  this  speed  to  79  lb. 

New  Section  Officers 

The  Indiana  Section  elected  its  officers  for  the  year  1923- 
1924  at  this  meeting.  F.  F.  Chandler  becomes  chairman;  O. 
C.  Berry,  retiring  chairman,  will  serve  as  vice-chairman; 
Dan  Teetor  continues  as  treasurer;  and  George  Briggs 
brings  his  enthusiasm  and  energy  into  the  duties  of  secre- 
tary. 


SUMMER  MEETING  THIS  MONTH 


Spring    Lake,    N.    J'.,     Scene     of     Popular     Medley     of 
Technics  and  Sports 

The  stage  is  all  set  at  Spring  Lake,  N.  J.,  for  one  of  the 
most  successful  meetings  ever  held  by  the  Society.  If  re- 
sponses to  the  formal  announcement  be  taken  as  an  indi- 
cation of  the  number  of  reservations  that  will  be  made,  one 
may  predict  that  the  1923  meeting  will  equal  the  Summer 
Meeting  attendance  record.  The  first  three  mails  arriving 
after  the  distribution  of  the  reservation  blanks  brought  in 
more  than  200  applications  for  rooms.  The  end  of  the  first 
week  witnessed  the  passing  of  the  400  mark.  Apparently 
the  seashore,  the  technical  program  and  the  recreational  di- 
versions have  appealed  to  a  large  majority  of  the  members. 

All  of  the  details  of  the  Spring  Lake  program  are  not 
settled  at  this  date,  but  it  is  possible  to  make  a  preliminary 
and  tentative  announcement  of  some  of  the  features.  The 
first  day,  Tuesday,  will  be  devoted  to  the  meetings  of  the 
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Standards  Committee  and  a  thorough  discussion  of  the 
recommendations  that  will  be  made  by  its  various  Divisions. 
Those  who  are  not  involved  in  the  actions  of  the  Committee 
can  become  acquainted  with  the  boardwalk,  the  beach  or  play 
their  qualifying-  rounds  in  the  big  Society  Championship  golf 
tournament.  The  semi-annual  business  meeting  of  the  So- 
ciety will  be  held  in  the  evening,  when  the  members  will  be 
addressed  by  President  Alden  and  the  members-at-large  of 
the  Nominating  Committee  will  be  chosen.  Dancing  will 
follow  this  business  session. 

Wednesday  will  be  get-acquainted  day.  The  entire  day  is 
being  reserved  for  recreational  and  social  activities.  The 
golf  tournament  will  be  gotten  underway  in  the  afternoon 
and  the  tennis  enthusiasts  will  tune  up  their  racquets.  The 
inter-section  baseball  series  will  be  opened  with  two  games 
in  the  afternoon.  The  shooters  of  the  clay  bird  will  start 
blazing  away  at  mock  pigeons  and  madame  may  display 
that  new  beach  creation  specially  purchased  for  the  occa- 
sion. 

Large-Section  Air-Cushion  Tires 

The  session  on  Wednesday  evening  will  be  taken  up  with  a 
paper  on  large-section  oversize  tires  by  James  E.  Hale,  of 
the  Firestone  Tire  &  Rubber  Co.  Engineers  who  have  driven 
cars  equipped  with  these  so-called  balloon  or  doughnut  tires 
are  loud  in  their  praise  of  the  improved  riding  quality  that 
is  claimed  for  them.  Mr.  Hale  has  found  many  doubts  and 
questions  confronting  him  in  the  introduction  of  the  air- 
cushion  tire  and  he  is  pointing  his  paper  to  answer  these,  in 
most  instances  by  presenting  quantitative  data.  Three  of 
the  large  tire  companies  have  agreed  to  bring  cars  equipped 
with  the  large  tires  to  the  meeting  and  it  is  likely  that  a 
special  demonstration  of  the  riding  quality  of  these  cars 
will  be  scheduled. 

Four-Wheel  Brake  Session 

Thursday  morning  has  been  set  aside  for  the  study  of 
four-wheel  brakes.  A  technical  session  will  be  started  early 
in  the  morning  and  will  include  several  papers  descriptive  of 
representative  types  of  brakes  that  have  reached  an  ad- 
vanced stage  of  development.  These  descriptions  will  be 
given  by  engineers  representing  the  manufacturer  of  each 
particular  type  of  brake.  Following  the  descriptions  and 
the  papers,  there  will  be  a  general  discussion  of  the  four- 
wheel  brake  subject  by  several  representative  passenger-car 
engineers.  The  meeting  will  then  adjourn  to  the  roadway  in 
front  of  the  hotels  where  a  demonstration  of  cars  equipped 
with  and  without  four-wheel  brakes  will  be  conducted.  These 
demonstrating  cars  will  also  be  available  throughout  the 
meeting  period  for  personal  inspection  and  driving  by  the 
members.  Three  companies  have  made  definite  plans  to  co- 
operate in  this  program  to  date  and  others  are  being  so- 
licited. 

Thursday  afternoon  will  be  devoted  to  the  annual  field  day 
of  the  Society.  The  running  races  and  field  events  will  be 
run  off  on  the  spacious  lawn  directly  in  front  of  the  hotels 
and  bordering  the  ocean  and  boardwalk.  The  program  in- 
cludes events  for  everyone;  old  and  young,  ladies,  men  and 
children.  A  very  fine  collection  of  prizes  has  been  purchased 
and  these  will   be  distributed  among  the  skilled  performers. 

Head-Lamp  Glare 

The  session  on  Thursday  evening  will  be  devoted  to 
a  discussion  of  the  troublesome  problems  encountered  in 
head-lamp  illumination.  State  laws  are  far  from  uniform 
and  have  caused  serious  complications  in  the  marketing  of 
cars.  Anti-glare  legislation  is  developing  rapidly  and  ef- 
fective means  must  be  found  to  eliminate  any  cause  for  com- 
plaints by  State  highway  officials.  This  matter  will  be  the 
subject  of  a  paper  by  R.  N.  Falge  of  the  research  staff  of  the 
General  Electric  Co.  at  Nela  Park.  He  will  supplement  his 
paper  with  an  outdoor  demonstration  of  head-lamp  adjust- 
ment, light  distribution,  glare  measurement,  special  lenses 
and  reflectors.    This  demonstration  will  be  worth  seeing. 

The  technical  session  on  Friday  morning  will  be  devoted 
largely  to  the  work  that  has  been  done  during  the  past  few 
months  in  can-ying  on  the  Society's  fuel  volatility  study  at 


*he  Bureau  of  Standards.  These  tests  are  the  ones  being 
conducted  under  the  joint  supervision  of  the  National  Auto- 
mobile Chamber  of  Commerce,  the  American  Petroleum  In- 
stitute and  the  Research  Committee  of  the  Society.  The  re- 
cent work  has  been  devoted  to  studying  the  effect  of  decreas- 
ing volatility  on  crankcase-oil  dilution  and  the  findings  are 
of  engineering  and  economic  importance.  Prof.  G.  B.  Upton 
will  also  contribute  a  paper  in  this  session  on  recent  investi- 
gations made  at  Cornell  University  bearing  upon  the  im- 
provement of  fuel  economy.  The  Bureau  of  Standards  staff 
will  bring  one  or  more  of  their  test  cars  to  the  meeting  for 
inspection  by  the  members  and  they  are  also  planning  to 
demonstrate  some  of  their  test  methods,  notably  the  deter- 
mination of  the  degree  of  crankcase  oil  dilution. 

The  Swimming  Carnival 

Spring  Lake  boasts  of  a  very  fine  still  water  outdoor  bath- 
ing pool  surrounded  by  large  verandas  and  equipped  with 
diving  boards  and  platforms  for  fancy  diving.  The  presence 
of  these  facilities  was  not  overlooked  by  those  in  charge  of 
the  athletic  program  and,  as  a  result,  Friday  afternoon  has 
been  set  aside  for  the  Swimming  Carnival.  Races,  plunges, 
stunts,  diving  and  all  manner  of  aquatic  events  will  be 
staged.  The  verandas  surrounding  the  pool  will  amply  ac- 
commodate the  large  gallery  that  is  expected  to  watch  these 
water  sports.  The  final  game  of  the  Section  baseball  series 
will  be  played  directly  after  the  Swimming  Carnival.  Mean- 
while, the  golfers,  the  trapshooters  and  the  tennis  follow- 
ers will  be  battling  for  the  final  honors  in  their  respective 
fields.  All  champions  must  be  declared  by  Friday  at  sun- 
down. 

Friday  evening  will  see  the  closing  of  the  formal  program 
of  the  Summer  Meeting  with  the  Grand  Ball  and  distribu- 
tion of  prizes.  The  winners  of  the  all  round  and  Section 
championships  will  be  announced.  The  dancing  contests 
featured  for  manv  vears  past  will  be  a  feature  of  the  Grand 
Ball. 

For  the  Ladies  and  Children 

There  will  be  plenty  of  recreational  and  social  features  in- 
corporated in  the  Spring  Lake  program  for  the  ladies  and 
children.  Card  parties  will  be  featured  when  the  men  are 
busy  with  technical  meetings  or  demonstrations.  Motion 
pictures  will  be  run  simultaneously  with  all  evening  meet- 
ings. Dancing  can  be  enjoyed  during  afternoon  tea  and  will 
follow  each  of  the  evening  technical  sessions  until  after  mid- 
night. The  kiddies  will  enjoy  digging  in  the  sandy  beach 
that  is  just  across  the  road  from  both  hotels.  There  will  be 
athletic  events  in  all  branches  of  sport  for  both  ladies  and 
children.     Summer  meetings  beckon  to  the  entire  family. 


SPRING  LAKE  ROAD  MAPS  MAILED 

Through  the  courtesy  of  the  Hyatt  Roller  Bearing  Co.,  the 
members  of  the  Society  were  each  provided  with  a  road  map 
showing  how  to  reach  Spring  Lake  from  either  New  York 
City  or  Philadelphia.  Jersey  is  very  proud  of  her  State  high- 
ways and  motorists  are  well  cared  for,  along  the  coast  line 
particularly.  A  large  fireproof  garage  of  modern  type  is  lo- 
cated directly  back  of  the  hotels  where  the  Society  will  be 
quartered.  Folks  from  the  Middle  West  will  find  the  Lin- 
coln Highway  in  good  condition  and  this  route  is  recom- 
mended as  the  most  direct  way  to  reach  Spring  Lake  from 
Chicago,  Cleveland,  Indianapolis  and  other  cities.  Detroit- 
ers  will  probably  make  better  time  by  taking  the  boat  to 
Buffalo  and  driving  from  that  point. 


REDUCED  RAILROAD  FARES 


Members  Can  Travel  to  Summer  Meeting  at  Fare  and 

Half  for  Round  Trip 

All  members  of  the  Society  will  receive  certificates  with 
the  next  issue  of  the  Meeting  Bulletin  entitling  them  to 
purchase  round-trip  tickets  to  the  Summer  Meeting  at  Spring 
Lake  for  one  and  one-half  times  the  regular  one-way  rate. 
This  privilege  is  limited  strictly  to  members  of  the  Society 
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RAILROAD  FARES  AND   TRAIN  SCHEDULE  FOR  SUMMER  MEETING  AT   SPRING  LAKE,  N.  J., 

JUNE  19-23,  1923 


Train 

RAILROAD    FARES 

PULLMAN 

FARES 

Schedule. 

Fare  and 

Summer 

Lower 

Upper 

Drawing 

Compart- 

Special Train 

One-Half  for 

Excursion 

Berth, 

Berth, 

Room, 

ment, 

Leaves  Mon- 

From 

Round  Trip 

Rate 

One  Way 

One  Way 

One  Way 

One  Way 

day,  June  18 

Chicago 

$48.75 

$58.78 

$9.00 

$7.20 

$31.50 

$25.50 

10:30  a.m. 

Detroit 

39.12 

45.68 

7.50 

6.00 

27.00 

21.00 

1.20  p.m. 

Cleveland 

30.55 

38.14 

5.63 

4.50 

21.00 

15.75 

6:05  p.m. 

Toledo 

36.30 

45.68 

6.38 

5.10 

22.50 

18.00 

3:15  p.m. 

Cincinnati 

40.20 

51.06 

7.50 

6.00 

27.00 

21.00 

1 :4.">  p.m. 

Dayton 

37.55 

47.52 

7.50 

6.00 

27.00 

21.00 

2:35  p.m. 

Columbus 

33.75 

42.44 

6.38 

5.10 

22.50 

18.00 

4:50  p.m. 

Buffalo 

27.05 

29.03 

4.50 

3.60 

16.50 

12.75 

7:45  p.m. 

Pittsburgh 

23.75 

4.50 

3.60 

16.50 

12.75 

11 :15  p.m. 

The    S.A.E. 

Special   arrives 

at    Spring 

Lake    Tuesday, 

June  19,  at  9:45 

a.m. 

and  the  dependent  members  of  their  families.  The  certifi- 
cates must  be  validated  upon  arrival  at  Spring  Lake  and  the 
Society  staff  is  not  permitted  to  pass  any  certificates  pre- 
sented by  persons  other  than  those  shown  to  be  members  by 
our  records. 

The  table  reproduced  on  this  page  shows  the  rate  of  fare 
applying  from  the  principal  automotive  centers  to  Spring 
Lake.  It  also  gives  the  time  of  departure  of  the  special 
Pennsylvania  train  that  will  bring  the  Western  delegation  to 
the  meeting  on  Monday,  June  18.  Reservations  on  this  spe- 
cial train  should  be  made  through  the  Pennsylvania  Railroad 
representative  in  your  city  or  the  Secretary  of  the  Section 
of  the  Society  nearest  you.  Pullmans  leaving  the  several 
cities  will  be  assembled  into  a  special  train  at  Pittsburgh 
and  will  run  direct  to  Spring  Lake  in  time  for  the  opening 
of  the  meeting,  Tuesday  morning.  Members  living  in  the 
East  can  travel  to  Spring  Lake  conveniently  through  Phila- 
delphia and  New  York  City,  since  trains  are  operated  at  fre- 
quent intervals  to  the  Jersey  coast  resorts  at  this  season  of 
the  year. 

Watch  the  Meetings  Bulletin  carefully  for  last  minute 
transportation  announcements. 


tion  of  the  Society.  E.  T.  Mathewson  is  the  Chairman  of  the 
Buffalo  Section  for  the  year  1923-1924  and  not  Mr.  Burk- 
hardt.  However,  this  provides  an  opportunity  to  make 
proper  acknowledgment  of  Mr.  Burkhardt's  unusual  enthusi- 
asm and  active  effort  in  behalf  of  the  Buffalo  Section  during 
the  year  just  closed. 


CLEVELAND  SECTION  STAGES  FROLIC 


MATHEWSON  BUFFALO  SECTION  CHAIRMAN 

Through  an  unfortunate  error  the  photograph  of  Otto  M. 
Burkhardt  was  printed  on  p.  507  of  the  May  issue  of  The 
Journal  as  the  newlv  elected  Chairman  of  the  Buffalo  Sec- 


Athletes  Cavort  in  Preparation  for  Spring  Lake   Inter- 
Section  Contests 

The  Cleveland  Section  ended  its  1922-1923  year  with  an 
out-door  frolic  and  sports  carnival  on  the  spacious  grounds 
of  Nela  Park  on  May  19.  Over  50  members  of  the  Section 
turned  out  to  display  their  athletic  prowess,  and  subsequent 
reports  indicate  the  creation  of  many  sore  muscles  but  no 
regrets.  John  Younger  and  K.  B.  Britton  aroused  great 
enthusiasm  among  the  resident  engineers  of  Cleveland  with 
their  cleverly  worded  and  attractively  printed  announcement 
of  the  proceedings.  Based  on  the  predictions  made  therein, 
one  might  have  expected  almost  anything.  As  it  was,  the 
contests  proceeded  on  a  friendly  basis  without  injury  or 
fatality. 

Following  a  brief  business  session,  several  races  were  run 
for  the  youthful  and  more  ambitious  members.  These  were 
followed  by  less  exacting  tests  of  skill  such  as  broad  jump- 
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L.  L,.   Williams     O.    A.    Parker      John  Younger       Harry   Figgie 
Secretary         Vice-Chairman         Chairman  Treasurer 

The  1923-1924  Officers  of  the  Cleveland  Section 

ing,  high  jumping,  shot  put  and  three-legged  sprints.  L.  L. 
Williams,  best  remembered  for  his  direction  of  and  participa- 
tion in  the  Cleveland  Circus  at  West  Baden,  staged  a  golf 
driving  contest  but  substituted  a  wooly  pellet  for  the  more 
attractive  rubber  sphere.     The  contest  attracted  several  who 


were  uninitiated  to  the  Vardon  swing  and  provoked  much 
merriment  at  the  expense  of  the  contestants.  G.  H.  Made- 
lung,  designer  of  air-gliders,  conducted  a  balloon  race  that 
provided  time  and  opportunity  for  those  who  wished  to  blow 
themselves  unto  the  bursting  point. 

Harry  Figgie,  famed  underhand  hurler  of  the  indoor  base- 
ball, marched  his  choice  for  Spring  Lake  onto  the  ball  dia- 
mond and  challenged  all  comers.  This  particular  ball  game 
proved  to  be  one  worth  watching,  but  hardly  conducive  to  an 
even  temperament  on  the  part  of  the  participants. 

Figgie's  followers  lived  up  to  their  reputations  and  the 
all-comers  were  appropriately  buried  with  scientific  honors. 
Babe  Ruth  Buckwalter  swung  his  bludgeon  mightily  and 
Harry  Portugal  shouted  effectively  for  the  winners. 

Events  of  the  day  were  announced  to  the  assembly  by  K. 
B.  Britton  in  the  role  of  town  crier  and  general  disturber. 
His  costume  reflected  originality  to  say  the  least,  but  the  bell 
he  tolled  broadcast  the  identical  refrain  of  the  well-known 
summoner  to  the  dining  board  and,  in  this  instance,  the  latter 
was  only  represented  by  a  lone  hot-dog  wagon  whose  bill 
of  fare  was  decidedly  limited  in  variety. 

All  in  all,  it  was  a  big  day  and  thoroughly  enjoyed  by 
those  present.  Officers  for  the  year  1923-1924  were  elected 
at  the  outing.  John  Younger,  who  has  served  as  an  effi- 
cient chairman  of  the  Meetings  Committee  of  the  Section, 
was  chosen  chairman.  Orrel  A.  Parker,  retiring  chairman, 
becomes  vice-chairman;  Harry  Figgie  remains  as  treasurer; 
and  L.  L.  Williams  shoulders  the  responsibilities  of  secre- 
tary. A  substantial  balance  was  reported  on  hand  in  the 
treasury  for  the  conduct  of  an  active  program  of  meetings 
in  the  fall. 


SPRING-SUSPENSION  AND  SPRING 
MATERIALS 


K.  B.  Britton  Announcing  the  Various  Events  at  the  Cleveland 
Section's   Picnic 


R.  E.  Northwav  Discusses  Types  and  Methods  of  Treat- 
ment at  New  England  Section 

At  the  meeting  of  the 
New  England  Section  in 
Springfield,  Mass.,  on 
May  17,  R.  E.  Northway, 
president  of  the  North- 
way  Motors  Corporation, 
described  types  of  spring- 
suspension  for  automo- 
biles and  discussed  the 
materials  available  and 
the  treatment  found  sat- 
isfactory in  producing 
reliable  springs. 

The  designing  of  a  set 
of  springs  that  will  be 
satisfactory  has  always 
been  more  a  matter  of 
good  judgment  and  ex- 
perience than  calculation. 
There  are  so  many  un- 
known   quantities    in    the 

bringing  out  of  a  new  model  that  the  best  of  engineers  have 
found  it  advisable,  after  making  their  calculations,  to  consult 
practical  spring-makers  and  have  several  sample  sets  made 
up  and  tried  out  under  varying  loads  and  road  conditions 
before  approving  the  design. 

During  the  past  25  years,  the  automobile  industry  has 
tried  out  not  only  every  type  of  spring-construction  and  sus- 
pension existing  previous  to  the  advent  of  the  automobile, 
but  also  many  new  types  that  have  been  designed 
during  this  period.  Many  auxiliary  devices  have  also  been 
designed  to  assist  or  control  the  action  of  springs.  Some  of 
these  devices  are  really  good  and  do  help  to  overcome  the 
faults  of  poor  spring  design  and  construction;  but  to  insure 
good  riding  qualities,  long  life  and  good  performance  on  the 
road,  springs  must  be  designed  properly  and  constructed  of 
suitable  material  that  has  been  properly  worked  from  the 
blast  furnace  to  the  finished  spring. 
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Only  Leaf  Spring  Stands  Test  of  Time 

The  laminated  or  leaf  spring  in  its  various  forms  is  the 
only  type  that  has  stood  the  test  of  time.  In  the  early  days 
of  automobile  development,  many  types  of  coil  spring  were 
tried  out,  some  arranged  to  carry  the  load  in  suspension, 
some  in  compression.  These  were  soon  discarded,  however, 
for  it  was  found  that  they  were  as  expensive  as  leaf  springs 
and  required  a  dash-pot  or  restricted  air-control  device  to 
be  satisfactory. 

The  prevailing  types  of  leaf  springs  are  the  quarter-elliptic, 
half-elliptic,  three-quarter-elliptic  and  full  elliptic.  The 
three-quarter  plate  form  was  used  up  to  1910  or  1911,  but 
is  not  in  use  today,  and  the  full-plate  form  is  practically  im- 
possible to  use.  The  full-elliptic  spring,  when  properly  de- 
signed and  suspended,  gives  excellent  riding  qualities,  but  it 
has  been  practically  discarded,  although  one  of  the  oldest 
automobile  companies  in  the  United  States,  with  a  car  known 
for  its  good  riding  qualities,  has  always  used  it. 

Today  the  quarter  and  the  half-elliptic  in  their  various 
forma  of  suspension  are  the  popular  types  of  spring.  A 
study  of  the  cars  using  them  shows  that  the  quarter-elliptic 
is  almost  exclusively  confined  to  the  low-priced  car.  When 
properly  designed  and  constructed,  there  is  no  doubt  that 
this  type  will  give  excellent  riding  qualities  at  a  low  manu- 
facturing cost.  For  heavy-duty  high-grade  cars,  on  the 
other  hand,  there  is  no  doubt  of  the  popularity  of  the  half 
elliptic.  Of  the  109  companies  listed  as  exhibitors  at  the 
New  York  City  show  this  year,  85,  or  78  per  cent,  were  us- 
ing half-elliptic  springs  suspended  in  the  conventional  man- 
ner, 2  or  approximately  2  per  cent,  were  listed  as  using  the 
quarter  elliptic  and  the  remaining  20  per  cent  were  divided 
among  the  other  types. 

It  is  Mr.  Northway's  opinion  that  the  cantilever  type  of 
suspension,  quarter-elliptic  cantilever,  half-elliptic  cantilever 
and  double  quarter-elliptic  cantilever  is  at  a  standstill.  Of 
course  every  type  of  suspension  has  its  advocates,  but  a  care- 
ful study  of  manufacturing  costs  and  operation  on  the  road, 
indicates  that  the  standard  half-elliptic  spring,  fastened  to 
the  axle  approximately  in  its  center,  bolted  to  the  frame  at 
its  front  end  and  shackled  to  the  frame  at  the  rear  end,  is 
the  most  economical  to  manufacture  and  can  be  made  to  have 
all  the  good  riding  qualities  of  any  of  the  other  types  of  sus- 
pension without  dangerous  side-sway  at  high  speeds. 

Usually  it  is  necessary  to  have  an  entirely  different  set  of 
springs  for  a  closed  car,  and  sometimes  it  is  advisable  to 
make  a  slightly  different  spring  for  the  right  front  spring, 
on  account  of  a  heavy  engine-torque. 

Fundamentals  of  Spring  Design 

In  summing  up  the  fundamental  principles  of  spring  de- 
sign, Mr.  Northway  listed  these  as  essential : 


(1)  A  long  spring  is  more  flexible  and  easier  rid- 
ing than  a  short  one 

(2)  A  spring  should  carry  its  normal  load  with- 
out much  camber,  that  is  with  the  main  leaf 
practically  straight. 

(3)  The  maximum  safe  deflection  is  dependent  on 
the  thickness  of  the  main  leaf  and  the  elastic- 
limit  of  the  material  used. 

(4)  A  spring  made  of  thick  leaves  will  be  stiffer 
than  one  made  of  thin  leaves,  although  both 
carry  the  same  load 

When  the  question  of  what  material  is  to  be  used  has  to 
be  decided,  many  things  have  to  be  taken  into  consideration. 
The  terms  carbon  steel,  vanadium  steel,  silico-manganese 
steel,  chrome  vanadium  and  many  registered  trade  names 
are  meaningless  unless  coupled  with  the  reputation  of  the 
steel-maker  and  the  spring-maker  for  uniformity  of  material 
and  workmanship. 

An  alloy-steel  having  a  fine  chemical  analysis  in  spots  but 
lacking  uniformity  will  never  make  a  good  spring.  A  steel 
that  shows  a  good  uniform  chemical  analysis  can  be  spoiled 
in  working  or  heat-treating.  An  alloy-steel  improperly 
handled  will  not  make  as  good  a  spring  as  a  high-grade  car- 
bon-steel formed  and  heat-treated  correctly.  Therefore,  to 
produce  good  springs  it  is  not  only  necessary  to  select  good 
materials  and  have  a  good  design,  but  it  is  absolutely  essen- 
tial to  select  a  good  spring-maker  to  look  after  the  details. 

Mr.  Northway  closed  his  talk  with  a  detailed  description 
of  the  old  guess-work  way  of  spring-making,  as  contrasted 
with  the  carefully  controlled  modern  methods. 

In  the  discussion  that  followed,  a  number  of  new  points 
were  developed.  In  answer  to  a  question  put  by  Mr.  Abell, 
Mr.  Northway  said  that  for  easy  riding  it  is  advisable  to 
keep  the  rate  of  vibration  of  a  spring  below  90  per  min.  He 
could  not,  however,  say  whether  it  was  well  to  reduce  it  to  50, 
the  rate  of  vibration  of  an  English  spring  about  which  Mr. 
Abell  had  inquired. 

Asked  whether  there  was  a  different  ratio  between  the 
front  and  the  rear  springs,  Mr.  Northway  answered  that, 
although  it  is  necessary  to  adapt  the  method  to  the  individual 
model,  he  had  sometimes  found  it  necessary  to  make  a  stiffer 
front  spring,  to  hold  the  machine  in  the  road.  A  shorter 
front  spring  is  needed  for  the  same  reason. 

The  Department  of  Commerce  film,  the  Story  of  Alloy- 
Steel,  followed  Mr.  Northway's  talk. 

The  officers  of  the  New  England  Section  for  the  coming 
year  will  be:  Chairman:  R.  E.  Northway;  Vice-Chairman: 
E.  O.  Sutton;  Secretary:  V.  A.  Nielsen;  Treasurer:  Lin- 
wood  H.  Young.  Mr.  Nielsen  will  be  the  New  England  dele- 
gate on  the  1924  National  Nominating  Committee. 


OBITUARY 


H.  S.  McDewell,  research  engineer  for  the  Maxwell 
Motor  Co.,  Detroit,  Mich.,  died  suddenly  at  his  residence 
in  the  City  of  Washington,  April  6,  1923,  aged  37  years. 
He  was  born  at  Winthrop,  Mass.,  July  9,  1885.  After  gradu- 
ating from  Phillips  Exeter  Academy,  he  entered  Harvard 
University  in  1903  and  was  graduated  with  the  class  of 
1907  from  the  mechanical-engineering  course  in  the  Law- 
rence Scientific  School.  In  1908,  upon  completion  of  post- 
graduate work  in  internal-combustion  engineering  at  the 
Graduate  School  of  Applied  Science,  of  Harvard,  he  re- 
ceived the  degree  of  Master  of  Mechanical  Engineering. 

His  professional  career  began  in  1908  with  the  Allis- 
Chalmers  Mfg.  Co.,  Milwaukee,  where  he  became  gas-engine 
erecting-engineer,  and  was  employed  in  erecting,  super- 
vising and  redesigning  large  stationary  gas  engines  of  300 
to  6000  b.hp.  until  1914.  From  1914  to  1917  he  was  an 
instructor  in  internal-combustion  engineering  and  laboratory 
practice  and  participated  in  research  work  at  the  University 
of  Illinois.  He  then  became  engineer  of  tests  in  the  aero- 
nautical engine-testing  laboratory  at  the  Washington  Navy 
Yard   and  supervised  the   testing  and   development  of  aero- 


nautical engines  and  powerplant  accessories  for  a  period  of 
about  5  years.  Subsequently,  his  connection  was  with  the 
Maxwell  Motor  Co.,  as  stated.  He  was  especially  competent 
in  the  design,  construction  and  development  of  large  station- 
ary gas  engines  and  gas  producers,  and  of  aeronautical 
engines. 

Mr.  McDewell  collaborated  with  Prof.  L.  S.  Marks  in  the 
authorship  of  Gas  and  0:1  Engines  and  Gas  Producers,  pub- 
lished in  an  encyclopedia  of  engineering  of  the  American 
Technical  Society,  Chicago,  and  later  included  in  Bulletin 
No.  3  issued  by  the  Naval  Consulting  Board.  He  also  col- 
laborated in  preparing  the  manuscript  for  the  internal- 
combustion  section  of  the  mechanical  engineer's  handbook 
issued  by  the  McGraw-Hill  Book  Co.  He  was  a  charter  life 
member  of  the  Association  of  Harvard  Engineers  and  a 
member  of  the  American  Society  of  Mechanical  Engineers, 
having  been  elected  in  1908. 

He  was  elected  to  Service  Member  grade  in  the  Society 
April  12, 1919,  and  was  transferred  to  Member  grade,  Jan.  9, 
1923.  Mr.  McDowell  is  survived  by  his  widow  and  two  chil- 
dren, his  mother  and  a  brother. 
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Applicants 

for 

Membership 


The  applications  for  membership  received  between  April 
15,  and  May  13,  1923,  are  given  below.  The  members  of 
or"  the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
foF  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Ashlet,    Raymond    T.,    president    and    manager,    Ashley    Patents, 
Inc.,  H'  no.   Nev. 

Baer.  W.  D.,   secretary   and  treasurer.  Iron  City  Spring  Co.,   Pitts- 
burgh. 

Baker.  B.   F.,  designer.  Rock  Island  Arsenal,  Rock  Island,  III. 

Beeler.  William    R.,    student.   University  of   Michigan,  Ann  Arbor, 

Bleyle,  C.  A.,  supervisor,  Texas  Co..  Boston. 

Bose,  Sudher.  student,   Cleveland  School  of  Technology,    Cleveland. 

Boulden,  H.  T.,  vice-president,  Selden  Truck  Corporation,  Rochester, 
X.    V 

Cochrane.  R.  A.,  mechanic,   Motor  Transit  Co.,  Los  Angeles. 

Colley,  P.  F.,  experimental  engineer,  Yellow  Cab  Mfg.  Co.,  Chicago. 

Collins,  J.  F..  chief  engineer.  Mitten  Traylor,  Inc.,  Philadelphia. 

Courtright,  B.   F..  chief  chemist  and  metallurgist,  Wisconsin  Steel 
Co..  Chicago, 

Custer.   Levitt   Luzern,    president   and  treasurer,    Custer   Specialty 
Co.,  Dayton,  Ohio. 

Donaldson.   W.    R..    designer,    General    Motor    Truck    Co.,    Pontiac, 

. 

Dumas.    Paul    L.,    editor    of    readers    clearing    house.    Motor    Age, 
<  ha  ago. 

Durham.    Cady    B.,    assistant    general    manager.    Buick    Motor    Co., 
Flint,  Mich. 

F.!'Im;ki:.    Edward    Peter,    student    engineer,    Franklin    Automobile 
Co      S  I   at  use,  X.    Y. 

Gray,  John   S..  student.  University  of  Utah.  Salt  Lake  City.   Utah. 

Grey.  Edward,  service  manager.   1055    Virginia  Avenue,   Neic   York 
City. 

Grey,  Eugene  K.,  general  superintendent  of  motor  equipment.  Gulf 
Refining  Co.,  Pittsburgh. 

Hall.  H.  R.,  assistant  to  general  service  manager,  New  York  Yellow 
Cab  Sales  Co.,  Inc..  New   York   ■ 

Hanford.  H.  W..  student.  Iowa  State  College,  Ames,  Iowa, 

Harrington,  H.    R..   assistant  engineer,    Ruggles   Motor   Truck   Co.. 
Mich. 

Hayden,   Urban,  mechanic.   584    Chetwood  Street,    Oakland,   Col, 

Frank  J.,  assistant  automotive  engineer,  Tide  Water  Oil  Co., 
Bayonnc,  X.  J. 

Hoeler.   William,  manager   and   superintendent   of   body   shop.    In- 
ternational Motor  Co.,    V,  u    York  City. 

Irgens,  Finn   Trumpy.  student.  Purdue  University.   Lafayette,  Ind. 

Judd.   Irving   H.    chief   draftsman.   Whitehead    &  Kales    Co:,    River 
Rouge,  Mich. 

Kawst.    J.    Kaufman,    engineer-mechanic.     116    West    77th    Street, 
New    York    City. 

Keli.eher,  R.  J.,  European  representative,   North  East  Electric  Co., 
Paris,  France. 

Kent.  Frank  J.,  patent  lawyer,   Cox,  Kent  &  Campbell,  New    York 
City. 

Knight.  P.    W  .  saies  manager.  Ensign  Carburetor  Co.,  Los  Angeles. 


Landstadt.    Hans,    works    manager.    Morris    Motors.    Ltd.,    Oxford, 
England. 

Lane.  F.  J.,  salesman.  Allyne-Zerk  Co.,  Cleveland. 

Lemon.  Burton  J.,  technical  service  department,  United  States  Tire 
Co.,  New    York   ■ 

Lf.onhardt,  Harry  H..  salesman  of  automotive  parts  and  mechanic. 
.  itomotive  Parts  Co.,  New  York  City. 

Lewis,  Joseph  Carleton.  service  manager,  Xoyes  Buick  Co..  Boston. 

Lindeman.  Edward  H..  sales  engineer.  Perfection  Spring  Co..  Cleve- 
land. 

McCarthy.    J.    Lucien,    automobile    mechanic,    576    Green    Street. 
( 'ambi  idge,  Mass. 

MoKelvy.  Tom    M..   inventor   and   designer.   McKetvy    Rotary   Valve 

I '  >  ,    1-  < i  sno.   Cat. 

Mathewson.    M.    I.,    experimental    an.l    designing    engineer.    Detroit 
Gear  &  .Machine  Co.,  Detroit. 

Meldrim,    H.   \V  ,    student.   Carnegie   Institute  of  Technology,   Pitts- 
burgh. 

Meyer.  Fred  C,  stock  clerk.   Uppercu-Cadillac  Motor  Car  Co..  New 

York   City. 

Michelin.  Marcel.  Michelin  i-  i  i  ont-Ferrand,  Fro 

Monjar.    J.     G.,    sales    representative,    Hyatt    Roller    Bearing    Co., 
Detroit. 

Munroe,    William    O.,    vice-president    in    charge   of  manufacturing. 
Standard  Steel  &  Bearings,  Inc.,  Philadelphia. 

O'Haire.  P.  J.,   foreman   machinist.   Harrolds   Motor   Car   Co.,  Long 
Island    City.   X.    Y. 

O'Hare.  G.  Dennis,  research  engineer,  O'Hara  &  Smith,  Son  Fran- 
cisco. 

Patterson.  C.   W..    lubricating  engineer.    Standard   Oil  Co.   of   Loui- 
siana. Memph  is   Tt  nn. 

Pile.   W.    D.,   automobile   engineer.   Clanwilliam    Motor   Co.,    Dublin, 

Ireland 

Randolph.    Donald  W.,    assistant    mechanical   engineer.    Bureau   of 
Standards     City   •■'    Washington. 

Rasch.    Howard   A.,    student.    University    of    Michigan,   Ann    Arbor, 
Mich. 

Ries,    Benjamin    A.,    chief    engineer.    Edward    R.    Bacon    Co.,    San 
Francisco. 

Rumely,  V.  P..  car  superintendent,  Hudson  Motor  Car  Co.,  Detroit. 

Saunders.    L.   P.,   experimental   engineer,    Harrison    Radiator  Corpo- 
ration, Detroit. 

Schell,   Carl  A.,   engineer.  Thermoid  Rubber  Co..  Cleveland. 

Shaklock.  Herbert  L..  vice-president,  Gernandt  Motor  Corporation, 
South  Bend,  Ind. 

Shimizu,  Yutaro,  New  York  representative,  Yanese  Automobile  Co., 
Tokyo.  Japan. 

Smalley,   J.    Shepard,   chief  engineer,  A.   Meister  Sons  Co.,    Sacra- 
mento, Cal. 

Smith,  George  L..  designing  engineer,  2614  Woodley  Place,  City  of 
Washington. 

Spofford.    Harry   H.    It.,   mechanical  engineer.   Copper  &  Brass  Re- 
search Association.  New   York  City. 

Stader,   George  D.,  manager,  Ryan  Bros.,  Chicago. 

Steele.  Floyd  Harp.y,  factory  manager.  Handy  Governor  Corpora- 
tion, Detroit. 

'.    Alfred  E.,  student.  University  of  Michigan.  .4;in  Arbor.  Mich. 

Swantesou,  Carl  A.,  service  manager,  T.  V.  T.  Motors  Corporation, 
'  of    Washington. 

Thomson,  Horace  L..  research  engineer,  Leland,  Mich. 

Vanatta.  Jean  K,  mechanical  engineer.  Mudge  &  Co..  Chicago. 

Waller,    Einar,    designing    engineer.    General    Motors    Corporation, 
Detroit. 

Weadick,  Robert'  M.,  student,  Franklin  Institute.  Boston. 

Wetherby.   W.   G,   secretary  and   treasurer,   Handy   Governor   Cor- 
pi  .ration,  1>.  troit,  Mich. 

Wood.  William  G..  Jr.,  sales  engineer,  I.  Silver,  Brooklyn,  X.  Y. 

'.Voi  id.    Walter    G..    student.    University    of    Utah.    Salt    Lake    City. 
Utah 

Yackey.   George  Frederick,  student.   University  of  Illinois.   I'rbana, 
III. 
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Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission 
to  the  Societj  between  April  10  and  Mas  10  1923.  The 
various  grades  of  membership  are  indicated  by  (M) 
Member;  (A)  Associate  Member:  (J)  Junior;  (  Alt' i 
Affiliate;  (S  Mi  Service  Member;  (FMi  Foreign  Member; 
IE  S)  Enrolled  Student. 


Almen,  J.  O.  IMI  chief  engineer.  Almen  Motors,  Inc.,  Seattle, 
Wash.,   (mail)    2349   North   Boylston    Avenue. 

Akata.  L.  D.  (E  S)  student.  University  of  Cincinnati,  Cincinnati. 
I  mail)    1527   Gilpin  Avenue. 

Bell  James  L.  (A)  general  superintendent  and  assistant  In  tin' 
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This  illustration  shows  less  than  half  of  the  places  on 
a  typical  chassis  of  current  production  where  practi- 
cally all  automobile  manufacturers  in  the  industry 
have  found  .trouble  develop  in  lubrication — grease  re- 
tention and  dust  prevention — and  with  noise. 

The  AMERICAN  FELT  COMPANY  has  correctly 
solved  the  difficulties  arising  at  these  and  other 
points;  it  has  often  reduced  costs  and  minimized 
service  expense;  it  has  improved  the  quality  of  the 
whole  vehicle  and  raised  the  standard  of  satisfaction 
to  the  user  to  a  most  appreciable  extent. 

Do  you  recognize  any  of  the  spots  indicated  above 
as  "weak"  points  in  the  car  you  build?  Do  you  want 
expert  assistance  in  correcting  the  faults?  Our  or- 
ganization is  at  your  service — a  letter  or  call  at  our 
nearest  office  will  start  the  wheels  moving  for  you. 


Americanlelt 
Company 


CHIC  AGIO — 32  5    S.    Market    St. 
DETROIT— 1915  Fort  St.,  West 
ST.   LOUIS — 162  7   Locust    St. 
NEW  TORE— 114   E.    13th  St. 


PHILADELPHIA— 3  7     Drexel     Bids. 
BOSTON — 211  Congress  St. 
CINCINNATI — 1    Greenwood    Bldg. 
SAN  FRANCISCO — 833   Market  St. 


Personal  Notes 

of  the 

Members 


Items  regarding  changes  in  business  connections, 
promotions,  etc.,  are  desired  from  the  membership  for 
insertion  in  these  columns.  This  will  enable  members 
to  keep  their  friends  informed  of  their  whereabouts  and 
will  also  assist  in  keeping  the  records  of  the  Society 
up  to  date. 


E.  C.  Arndts  has  been  appointed  district  sales  manager 
with  headquarters  at  Cleveland  for  the  metal  cleaning  division 
of  the  Crescent  Washing  Machine  Co.,  New  Rochelle,  N.  Y. 

H.  A.  Best,  who  until  recently  was  sales  representative  at 
Chicago  for  the  Sheldon  Axle  &  Spring  Co.,  Wilkes-Barre, 
Pa.,  is  now  located  at  the  Detroit  office  of  the  Spicer  Mfg. 
Corporation,  Plainfield,  N.  J. 

A.  D.  Chandler,  who  was  formerly  sales  engineer  for  the 
Pharo  Mfg.  Co.,  Detroit,  is  now  associated  with  the  Beaver 
Mfg.  Co.,  Milwaukee,  Wis. 

F.  F.  Chandler,  for  many  years  manager  of  sales  and 
advertising  with  the  Chandler  &  Taylor  Co.,  Indianapolis, 
Ind.,  has  resigned  and  on  May  1  became  associated  with  the 
Ross  Gear  &  Tool  Co.,  Lafayette,  Ind. 

Rene  L.  Cros,  who  formerly  attended  the  Ohio  State  Uni- 
versity, Columbus,  is  doing  final  inspection  work  at  the  Delco- 
Light  Co.,  Dayton,  Ohio. 

Harry  S.  Durland,  until  recently  associated  with  the  Wright 
Aeronautical  Corporation,  Paterson,  N.  J.,  in  connection  with 
foundry  production  and  equipment,  is  now  an  editorial  assist- 
ant with  Bus  Transportation,  New  York  City. 

Frank  L.  Eidmann,  who  returned  a  short  time  ago  from  a 
trip  around  the  world,  as  mentioned  in  the  April  issue  of 
The  Journal,  has  been  appointed  associate  professor  in 
mechanical  engineering  at  Princeton  University,  Princeton, 
N.J. 

Harry  Fosdick  has  been  appointed  manager  of  Boston  retail 
sales  for  the  Sills-Chevrolet  Co.,  Boston.  He  was  formerly 
vice-president  and  sales  engineer  for  Paul  Le  Hardy,  Inc., 
Rochester,  N.  Y. 

Herbert  A.  Goddard  has  severed  his  connection  with  the 
Sinclair  Motors  Corporation,  New  York  City,  where  he  was 
vice-president  and  director  of  sales.  No  announcement  has 
been  made  of  his  future  plans. 

H.  B.  Griffin,  who  was  until  recently  associated  with  the 
Light  Mfg.  &  Foundry  Co.,  Pottstown,  Pa.,  has  accepted  a 
position  in  the  Detroit  office  of  the  Doehler  Die-Casting  Co., 
Brooklyn,  N.  Y. 

Reno  Haibe  has  become  affiliated  with  the  service  depart- 
ment of  the  Cole  Motor  Car  Co.,  Indianapolis.  He  was  pre- 
viously master  mechanic  with  the  Inglis  &  Lytle  Construction 
Co.,  Jacksonville,  Fla. 

John  J.  Henry,  who  was  until  recently  engineer  in  charge 
for  the  Bethlehem  Motors  Corporation  of  New  York,  Potts- 
town, Pa.,  has  become  chief  inspector  for  the  Ward  Motor 
Vehicle  Co.,  Mt.  Vernon,  N.  Y. 

(Continued  on  p.  4) 
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DIXON'S 

677 


is  an  economical  Transmission  and  Rear  Axle  Lubricant  of 
exceptional  long  life. 

Its  use  means  that  original  factory  adjustments  of  trans- 
mission and  rear  axle  may  be  maintained  for  a  greater  period 
of  time  because  of  this  long  life. 

The  use  of  a  short-life  lubricant  presents  the  necessity  of 
changing  factory  adjustments  with  the  possible  danger  of 
not  getting  the  proper  alignment  of  parts. 


JOSEPH  DIXON  CRUCIBLE  COMPANY 

Jersey  City,  N.  J.  ^<n  Established  1827 

MAKERS  OF  QUALITY  LUBRICANTS 


For  Spur  and  Bevel  Gears  Use  Dixon's  Gear  Lubricant  No.  677 
For  Worm  Drives  Use  Dixon's  Gear  Oil  No.  675 
For  Universal  Joints  Use  Dixon's  Grease  No.  672 
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Gar   Wood  Says: 

"That  over  90%  of  all  truck  makers 
advise  W I-Detroit  Dumping  Equip- 
ment i*  due  to  its  superior  design; 
that  over  90%  of  users  specify  Wood- 
Detroit  is  proof  of  its  superior  serv- 
ice  " 


BuiJi  Lu  GarJi^mi 

Friction  losses  and  lubrication  problems 
are  insignificant  with  only  three  moving 
parts — a  piston  and  two  pump  gears — at 
all  times  working  in  oil,  in 


Hydraulic  Hoists 

The  serviceability  that  this  simplicity  and 
efficiency  has  given  to  Wood-Detroit 
Hoists  and  the  sturdiness  of  these  units 
and  of  the  Wood-Detroit  Steel  Bodies,  is 
responsible  for  their  leadership  since  the 
earliest  days  of  the  industry. 

Wood    Hydraulic     Hoist 
&   Body    Company 

7924  Riopelle  St.  Detroit,  Michigan 

Sales  and  Service  in  Principal  Cities 
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J.  Q.  Holmes  has  joined  the  process  department  of  the 
Remy  Electric  Co.,  Anderson,  Ind.  He  was  formerly  engaged 
in  experimental  work  with  Robert  H.  Hassler,  Inc.,  Indian- 
apolis. 

C.  L.  Huening,  who  was  previously  in  charge  of  the  specifi- 
cation department  of  the  Mitchell  Motors  Co.,  Inc.,  Racine, 
Wis.,  has  joined  the  engineering  department  of  the  Auburn 
Automobile  Co.,  Auburn,  Ind. 

J.  J.  Kohl,  who  was  at  one  time  assistant  manager  of  the 
City  Machine  &  Tool  Works,  Dayton,  Ohio,  and  more  recently 
general  manager  of  the  Vulcan  Tool  Co.,  also  of  Dayton, 
and  M.  T.  Ahlers,  formerly  assistant  chief  engineer  of  the 
City  Machine  &  Tool  Works,  and  later  production  engineer  of 
the  Columbus  Auto  Parts  Co.,  Columbus,  Ohio,  have  organized 
the  International  Tool  Co.  with  a  shop  at  Dayton. 

Kenneth  M.  Lane  has  accepted  a  position  as  aeronautical 
engineer  with  the  Wright  Aeronautical  Corporation,  Pater- 
son,  N.  J.  He  previously  held  a  similar  position  with  the 
Dayton  Wright  Co.,  Dayton,  Ohio. 

S.  Vance  Lovenstein,  president  and  general  manager  of  the 

Schwarz    Wheel    Co.,    Philadelphia,   joined    the    Eugene    Mc- 
Guckin  Co.,  also  of  Philadelphia,  as  vice-president  on  June  1. 

Dorr  Miller  is  connected  with  engineering  and  sales  for  the 
Q  &  C  Co.,  New  York  City.  Prior  to  this  he  was  an  engineer 
for  the  Toledo  Automotive  Products  Co.,  Toledo. 

H.  L.  Montanya,  who  was  formerly  chief  inspector  for  the 
Yard-O-Meter  Corporation,  St.  Louis,  has  accepted  a  position 
as  general  foreman  of  the  tools,  dies,  jigs,  fixtures  and  special 
machinery  departments  of  the  Columbus  Die  Tool  &  Machine 
Co.,  Columbus,  Ohio. 

J.  G.  Murphy  has  severed  his  connection  with  the  Anderson 
Motor  Co.,  Rock  Hill,  S.  C.  No  announcement  has  been  made 
of  his  future  plans. 

L.  F.  Nielsen,  manager  and  mechanical  engineer  of  the 
Equitable  Engineering  Co.,  announces  the  removal  of  the 
offices  of  that  company  from  103  First  Avenue,  North,  to  15 
Wilder  Street,  Minneapolis. 

F.  H.  Norton,  who  was  formerly  chief  physicist  for  the 
National  Advisory  Commission  for  Aeronautics,  Langley 
Field,  Va.,  is  now  affiliated  with  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass. 

Sidney  Oxberry,  for  the  past  4  years  art  editor  of  Motor, 
New  York  City,  has  resigned  and  sailed  for  an  indefinite 
stay  in  England.  Prior  to  his  association  with  Motor  he  was 
a  member  of  the  editorial  staff  of  Automotive  Industries. 

E.  F.  Paepper,  who  was  an  engineer  for  the  Yellow  Cab 
Mfg.  Co.,  Chicago,  has  been  promoted  to  the  position  of 
assistant  chief  engineer. 

Etienne  Planche  has  resigned  as  chief  engineer  of  the  Dort 
Motor  Car  Co.,  Flint,  Mich.,  a  position  he  has  held  for  the 
past  9  years.  He  has  opened  an  office  as  consulting  engineer 
in  the  General  Motors  Building,  Detroit. 

R.  C.  Plexico  has  accepted  a  position  as  assistant  engineer 
and  chief  draftsman  for  the  Warner  Gear  Co.,  Muncie,  Ind. 
He  was  formerly  assistant  chief  engineer  for  the  Anderson 
Motor  Co.,  Rock  Hill,  S.  C. 

(Continued  on  p.  6) 
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(1)   Speeding  away  to  the 
remarkable  Record 


(2)    Taking  on  oil  and  fuel 
at  fifty  miles  an  hour! 


(3)   Crossing  the  finish  line. 
Another  American  Record! 


The  Duesenberg  Straight  Eight,  regular  stock,  model, 
immediately  after  the  Record -Breaking  Performance 


A  Duesenberg  Stock  Car 

World's  Record 

With  S.R.B.  Bearings! 

New  World's  Record  Stock  Car  Endurance  Run, 
3155  miles  in  50  hours  21  minutes  and  1  second! 

Non-stop 
Average  speed  62-63  M.  P.  H. 

Indianapolis  Speedway,  April  27-29,  1923 

A  GRINDING,  grueling  test  putting  a  terrific  strain  upon 
every  moving  part! 
Sturdy  S.  R.  B.  Bearings,  both  Double  and  Single  Row, 
taken  from  Duesenberg  regular  stock,  bcre  the  brunt  of 
friction  attack  at  nine  important  points: 


Front  Axle,  inner 
Front  Axle,  outer 
Clutch  Release  Bearing 
Transmission  Rear  Main  Shaft 
Propeller  Shaft 

Pinion  Shaft,  front  (double  row) 
Pinion  Shaft,  rear  (double  row) 
Differential  Carrier  (2) 
Wheel  Bearing  Rear  Axle 


S.  R.  B. 
S.R.B. 
S.R.B. 
S.R.B. 
S.R.B. 
S.R.B. 
S.R.B. 
S.R.B. 
S.R.B. 


STANDARD  STEEL  AND  BEARINGS  INCORPORATED 

OPERATING  UNDER  CONRAD  PATENTS 
PHILADELPHIA  PENNA.,  U.  S.  A. 

S.  R.  B.  Bearings  are  serviced  b>  the  branches  of  the  Standard  Sales  and  Service  Co. 
throughout  the  United  States 
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A  Section  of  Windshield  Conveyor  installed  at  Tern- 
stedt  Mfg.  Co.  Detroit.  Aids  in  the  production  of 
3000    Windshields    in    8%    hrs. 

Equipment  That  Cuts 
Labor  Costs  in  Half 


This  is  an  example  of  the  service  rendered  by  The 
Jas.  F.  Miller" &  Hurst  Corporation. 

In  the  design  and  construction  of  the  Windshield 
Conveyor  illustrated  above  we  successfully  solved 
a  problem  in  quantity  production  at  reduced  labor 
and  operating  costs.  A  crying  need  in  the  auto- 
motive industry  to-day. 

The  whole  conveyor  is  1200  feet  long,  yet  so  nicely 
balanced  and  adjusted  that  it  carries  3000  Wind- 
shields per  day  through  a  series  of  baking  and 
enameling  ovens  as  well  as  dip  tanks  and  other 
processes — all  this  on  less  than  V/2  H.  P. 

The  design  of  the  equipment  in  this  plant  has  re- 
duced expensive  hand  labor  by  half — has  materi- 
ally lowered  stock-in-process  investment  and  has 
established  another  record  for  low  production 
costs. 

Our  experience  in  planning  for  greater  profits  in 
the  largest  foundries  and  industrial  plants  in  the 

automotive  industry  is  available  to  you. 

• 

Let  us  show  you  how  similar  practices  and  instal- 
lations will  increase  production  and  decrease  costs 
in  your  plant. 

Write  for  further  information  on  "Modern  Pro- 
duction Methods." 


THE  JAS.  F.  MILLER  & 
HURST    CORPORATION 

DESIGNERS  BUILDERS  ORGANIZERS 

Quantity  Production  Foundries  and  Industrial  Plants 

GENERAL  MOTORS  BUILDING 
DETROIT,  MICH. 


Personal  Notes  of  the  Members 

Concluded 


Alfred  J.  Poole  has  severed  his  connection  with  the  Simms 
Magneto  Co.,  East  Orange,  N.  J.,  where  he  was  sales  man- 
ager. No  announcement  has  been  made  of  his  plans  for  the 
future. 

Finley  R.  Porter  has  become  associated  with  the  Hum- 
phreys Oil  Co.,  Mexia,  Tex. 

I.  D.  Rocap,  a  partner  in  the  firm  of  Lynch  &  Rocap,  City 
of  Washington,  announces  a  dissolution  of  the  partnership 
after  a  sale  of  the  business.  His  future  plans  have  not  been 
announced. 

Porter  E.  Stone  has  become  affiliated  with  the  Highland 
Body  Mfg.  Co.,  Cincinnati. 

Charles   H.   Tavener,   who   was   formerly     agent    for    the 

Adams  Trailer  Corporation,  Garden  City,  N.  Y.,  has  been 
appointed  production  manager  of  the  Liberty  Electric  Cor- 
poration, Port  Chester,  N.  Y. 

George  J.  Thomas  is  no  longer  chief  engineer  for  the  Duplex 
Truck  Co.,  Lansing,  Mich.,  but  has  become  affiliated  with  the 
Power  Truck  &  Tractor  Co.,  St.  Louis. 

H.  E.  Thompson  has  accepted  the  position  of  chief  engineer 
with  the  H.  E.  Thompson  Co.,  Indianapolis.  He  was  formerly 
job  engineer  for  the  Standard  Oil  Co.,  El  Segundo,  Cal. 

Joseph  C.  Towler  is  now  associated  with  the  Packard 
Motor  Car  Co.  of  Boston,  Worcester,  Mass.,  doing  testing, 
trouble-shooting  and  electrical  work.  He  was  formerly  ser- 
vice manager  in  charge  of  service  and  repair  work  for  the 
Autolec  Co.,  Inc.,  also  at  Worcester. 

Erwin  A.  Weiss  has  resigned  from  the  Mitchell  Motors 
Co.,  Inc.,  Racine,  Wis.,  where  he  was  assistant  chief  engineer, 
and  is  now  connected  with  the  engineering  department  of  the 
Yellow  Cab  Mfg.  Co.,  Chicago. 

S.  P.  Welch,  who  was  formerly  connected  with  the  sales 
department  of  the  R.  H.  Long  Motors  Co.,  Newark,  N.  J., 
has  been  appointed  sales  manager  with  headquarters  at 
Elizabeth,  N.  J.,  of  the  Regina  Corporation,  Rahway,  N.  J. 

F.  M.  Young  has  been  elected  vice-president  and  general 
manager  of  the  Racine  Radiator  Co.',  Racine,  Wis.,  which  has 
succeeded  the  Perfex  Radiator  Co.,  also  of  Racine,  with  which 
Mr.  Young  was  previously  associated  as  manager. 


JSamtam.Comm.MSA. 


Thrust  Bearing  Specialists 

Bearings  Made  To  Your  Requirements 


DETROIT  OFFICE: 

906  Dime  Bank   Bldg. 

Detroit.  Mich. 


PACIFIC  COASTi 
Frank  M.  Cobbledick  Co. 
1031  Polk  St..  S.  F„  C«L 


Juiu  .  l  :<:';; 
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There  are  400,000  tractors  in 
use  on  /arms  of  the  United 
States.  Total  value  of  1922 
farm  crops,  $8,961,000,000. 
Tow!  value  of  all  farm  prop- 
erty, $77,924,000,000.  Total 
number  of  farms   6,448,343 


For  motors  with 
big  jobs  to  do 

IN  the  performance  of  the  great  tasks  of 
industry,  when  motors  must  work  under 
conditions  of  prolonged  abnormal  strain,  the 
indestructibility  of  Thompson  Silcrome  Valves 
becomes  most  evident. 

Red-hot  temperatures  which  burn  away  the 
seats  of  other  valves  have  no  effect  on  valves 
of  Thompson  Silcrome. 


Noti'burning 
Nori'<warping 
Nort'Scaling 
Nori'air'hardening 
Weigh  least 
Wear  longest 
Moderately  priced 


Friction  actually  quadruples  their  wear-resist- 
ance by  a  unique  process  of  surface  polishing. 
Internal  stresses  that  cause  warping  are  absent 
from  this  steel. 

Investigate  Thompson  Silcrome  Valves.  Put 
them  in  test  motors.  Try  to  run  them  to  failure. 
Then  specify  "Thompson  Silcrome".  For  double 
protection  use  the  two  words ! 


— built  by  a  "trail- 
breaker  of  industry" 


THOMPSON 

THE      STEEL     PRODUCTS     COMPANY 


OME  valves 


MAIN  PLANT 

CLEVELAND 


Also  manufacturers 
drag  lin\s,  startin 


of  \ing  bolts,  shackle  holts,  tie  rod  bolts, 
I    cran\s,  and  brake   rod   assemblies 


MICHIGAN  PLANT 

DETROIT 
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You  Can  Cause  a  Steel  Ball  of  Atlas  Accuracy 
To  Register  "Off- Size"  by  Blowing  Upon  It 


RAISING  a  half  inch  Atlas  Steel 
•  Ball  to  body  temperature  by  hold- 
ing it  in  one's  hand  or  by  blowing 
one's  breath  upon  it,  is  sufficient  to 
cause  it  to  register  "off-size"  when 
mixed  with  others  of  the  same  lot  held 
at  a  room  temperature  of  70  degrees. 

Yet  the  expansion  of  a  half-inch 
ball  when  raised  from  normal  room 
temperature  to  that  of  the  body  is 
only  about  eight  hundred  thousandths 
of  an  inch  (.00008").  But  Atlas  Balls 
must  not  deviate  from  true  size  by 
more  than  five  hundred  thousandths 
of  an  inch  (.00005 ")  generally  ex- 
pressed as  one  half  of  1    10,000". 


With  the  exception  of  Johannson 
gauge  blocks  such  accuracy  is  seldom 
equalled  or  even  approached  in  in- 
dustrial machine  elements.  So  great  is 
the  care  exercised  in  the  manufacture 
and  gauging  of  Atlas  Balls  that  after 
burnishing  they  are  not  touched  by 
hand  and  are  gauged  in  a  room  held 
at  a  constant  temperature. 

It  is  because  of  this  great  accuracy, 
the  mirror-like  finish  and  high  re- 
sistance against  fatigue  that  Atlas  Steel 
Balls  have  won  the  enthusiastic  en- 
dorsement of  the  most  exacting  ball 
users. 


ATLAS    BALL    COMPANY 


Glenwood  Ave.  at  Fourth  St. 


Philadelphia 


ATLAS 


ALSO  BRASS,  BRONZE, 

Made  Under 

SKF 

.Supervision 


STEEL  BALLS 


,'MONEL      AND      SPECIAL      METALS 
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Deep'Groove  Ball  Bearings  on  Clutch 

Shaft  Take  Both  Radial  and  Thrust  Loads 


A  DEEP-GROOVE  hall  bearing  made 
by  the  Hess-Bright  Manufacturing 
Company  is  used  as  the  rear  bearing  on 
this  clutch  shaft,  taking  a  radial  load 
under  normal  conditions  and  a  thrust 
load  when  the  clutch  pedal  is  de- 
pressed thereby  insuring  quietness  of 
operation. 

The  ability  of  this  type  of  bearing  to 
take  both  loads  is  due  to  its  deep  grooves 
of  uniform  cross  section  which  permit 
it  to  take  heavy  thrust  loads  in  either 
direction    in    combination    with    radial 


loads  without  any  impairment  of  operat- 
ing efficiency  or  performance. 

No  appreciable  bearing  wear  occurs 
with  the  result  that  noise  and  the  expense 
of  bearing  adjustments  and  replacements 
are  avoided.  Furthermore,  the  bearing  is 
a  self-contained  unit  which  permits  of 
the  ready  assembly  of  shafts  and  bearings 
in  restructed  locations. 

Our  engineers  will  gladly  submit  recom- 
mendations for  applying  ball  bearings  to 
clutches  and  other  vital  rotating  auto- 
motive parts. 


THE  HESS-BRIGHT  MANUFACTURING  COMPANY 

Supervised  by  SKF  INDUSTRIES    INC.,  165  Broadway,  New  York  City 


Tfie 

DEEP  GROOVE 

BALL 

BEARING 


Races  displaced  to  shotv 
DEEP -QROOVE  bear, 
ing  carrying  maximum 
end  thrust  in  a  forward 
direction. 


Races  displaced  to  show 
THE  SAME  bearing 
carrying  maximum 
thrust   in    reverse   direc- 


BALL 

BEARINGS 

The  Highest  Expression 
vfthe  Bearing  Principle 
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KELLY 

SPRINGFIELD 


AlRCDRE 


Why  the  Aircore  Tire 
Should  Not  Be  Overloaded 

The  Kelly  Aircore  double-cushion  truck  tire  has  been 
proved  by  tests  to  be  practically  as  resilient  as  a  properly 
inflated  pneumatic — yet  when  properly  applied  and  used. 
it  will  have  longer  life  than  the  average  of  the  solid  type 
of  truck  tire. 

There  are  certain  conditions,  however,  which  must  be 
observed  in  order  to  obtain  the  best  results  from  the 
Aircore  and  one  of  these  is,  that  it  must  not  be  over- 
loaded. 

Owing  to  the  fact  that  the  Aircore  is  of  the  high 
profile  type  and  its  spearhead  core  allows  considerable 
deflection  under  load,  its  capacity  for  a  given  base  width 
is  not  as  great  as  would  be  the  case  if  it  were  a  non- 
resilient  solid  rubber  tire.  It  will  be  readily  understood 
that  excessive  loads  would  create  excessive  deflection  of 
this  tire — a  condition  which,  of  course,  is  not  conducive 
to  long  life. 

The  design  of  the  center  core  has  been  carefully  calcu- 
lated to  permit  certain  maximum  loads  on  various  sizes, 
and  it  is  only  when  these  load  limits  are  carefully  fol- 
lowed that  the  full  resiliency,  long  life  and  certainty  of 
service  of  the  Aircore  can  be  obtained. 

The  following  table  shows  the  maximum  weights  to 
which  loads  should  be  limited  on  Aircores  of  various 
sizes : 


Size  of  Aircore 

4  inches 

5  inches 

6  inches 

7  inches 

8  inches 

9  inches 
io  inches 


Maximum  Weight 

1300  pounds 
1700  pounds 
2500  pounds 
3500  pounds 
4500  pounds 
5000  pounds 
6000  pounds 


Kelly-Springfield    Tire    Co. 


250  West  57th  Street 


New  York 


Notes  and  Reviews 

In  this  column  are  given  brief  items  regarding  tech- 
nical books  and  articles  on  automotive  subjects.  As  a 
general  rule,  no  attempt  is  made  to  give  an  exhaustive 
review,  the  purpose  being  to  indicate  what  of  special 
interest  to  the  automotive  industry  has  been  published. 

The    High-Compression    High-Speed    Engine   versus   the 
Low-Compression  Moderate-Speed  Engine  for  General 
Use  in  Motor  Vehicles.    By  H.  R.  Ricardo  and  F.  Strick- 
land.    Papers  presented  before  the  Institution  of  Automo- 
bile Engineers  in  Engineering,  Nov.  17,  1922,  p.  627. 
The  Institution  of  Automobile  Engineers,  recognizing  that 
the  advocacy  of  very  high-compression   high-speed  gasoline 
engines  is  becoming  increasingly  common,  organized  a  debate 
on  this  subject,  which  was  held  in  London,  on  Nov.  8,  1922. 
The  merits  of  the  high-speed  type  were  discussed  by  H.  R. 
Ricardo,  who  based  his   argument  mainly  on  the  increased 
fuel   economy   to   be   secured   by    its    use;    the    smaller    and 
lighter    pistons   and   reciprocating  parts   and   the   increased 
turbulence  effected  by  smaller  valves.     Major  P.  Strickland, 
in   supporting  the  claims  of  the  low-compression  moderate- 
speed  engine,  maintained  that  the  improvement  noted  in  the 
steam  engine  with  an  increase   of  speed  was  due  to  causes 
that  do   not   obtain   in   the  case   of  the   internal-combustion 
engine,  the  parts  of  which  on  account  of  inertia  forces,  must 
be  increased  in  size  as  the  speed  is  increased,  and  that  among 
the  advantages  of  low  compression  and  moderate  speed  are* 
less   piston   and   cylinder-wear,    simplicity   and   certainty    of 
operation  of  the  lubricating  system  and  freedom  from  noise. 
Automobile   Chassis.      By   Ben   G.    Elliott.     Published   by 
McGraw-Hill    Book    Co.,    New    York    City.  233    pp.;    233 
illustrations. 

Professor  Elliott's  'book  is  designed  to  serve  as  guide  and 
reference  book  on  all  parts  of  the  gasoline  automobile  except 
the  powerplant  and  its  immediate  accessories  and  the  body. 
Fundamental  principles  are  emphasized  and  these  are  illus- 
trated by  many  examples  from  modern  practice.  The  con- 
struction, purpose,  operation,  adjustment  and  care  of  springs, 
axles,  the  steering-gear,  clutches,  transmissions,  differentials, 
bearings,  wheels  and  rims,  tires,  brakes  and  chassis  lubrica- 
tion are  fully  covered. 

Grinding:   Wheels,  Machines,   Methods.     Information   on 
modern  practice  in  the  production  and  application  of  abra- 
sives, grinding  wheels  and  grinding  machines,  compiled  by 
members  of  the  executive  and  technical  staffs  of  the  Nor- 
ton Co.,  Worcester,  Mass.,  and  published  by  the  company, 
375  pp.;  numerous  illustrations  and  tables. 
This  book  deals  in  a  very  instructive  manner  with  modern 
grinding    practice.      Examples    of    processes    and    machines 
have  been  selected  chiefly  with  a  view  to  showing  the  Norton 
grinding    machines,    but    the    work    deals    with    practically 
every    modern    application    of   precision,    semi-precision    and 
hand-grinding. 

Highways  and  Highway  Transportation.  By  George  R. 
Chatburn.  Published  by  Thomas  Y.  Crowell  Co.,  New  York 
City.     463  pp.;  many  illustrations. 

To  quote  the  author's  preface,  this  book  is  written  "for 
those  who  desire  a  conversational  knowledge  of  the  origin, 
evolution  and  present  status  of  highway  transportation,  even 
though  it  be  glimpsed  by  a  very  rapid  passage  through  a 
very  large  subject."  For  those  who  wish  to  make  a  more 
detailed  study  of  the  subject  the  author  provides  a  selected 
list  of  references  following  each  chapter. 
Automobile  Laboratory  Manual.  By  Frederick  F.  Good. 
Published  by  McGraw-Hill  Book  Co.,  New  York  City.  174 
pp.;  88  illustrations. 

The  purpose  of  this  outline  of  experiments  is  to  provide 
a  progressive  series  of  study  units  in  three  groups  that  will 
serve  as  a  basis  for  the  organization  of  laboratory  automobile 
classes  for  beginners.  The  course  covers  a  systematic  intro- 
duction to  the  automobile  mechanisms  and  a  study  of  their 
fundamental  principles  and  includes  practical  work  and 
minor  repairs. 

(Continued  on  p.  12) 
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Famous  Thermoid  Stand- 
ard I'lmrl — slums  dis- 
tances  in  tvkick  cars 
should  slop  if  brakes  arc 
efficient.  Brakes  lined 
with  Thermoid  meet  these 
standards. 


_____ 


Will  youi-  car 


do  this  ? 


"At  least  40%  extra  material" 


The  new  Thermoid  Brake 
Relining  Machine.  Cuts 
time  60% — does  a  belter 
jobthan  old  hand  methods. 
Price  $15,  $17.50  leesl 
of  the  Rocky  Mountains. 
$25  outside  of  U.  S. 

Write  for  special  offer 
to  Thermoid  dealers. 


A  simple  test  which  shows  the 
40%  more  material  in 
Thermoid  Brake  Lining 

A  roll  of  Thermoid  Brake  Lining — 100 
feet — was  weighed.  The  indicator  regis- 
tered 5i  pounds,  8  ounces.  Then  one 
after  another,  the  rolls  of  four  other 
leading  manufacturers  were  put  on  the 
scales. 

Thermoid  outweighed  each  by  over 
40%! 

This  means  that  the  motorist  gets 
more  for  his  money  in  Thermoid  than  in 
any  other  lining.  He  gets  longer  wear — 
by  about  40% — and  a  sure,  even  grip- 
ping surface  until  Thermoid  is  worn 
wafer-thin. 

Most  of  the  "give"  is  taken  out  of 
Thermoid  before  it  leaves  the  factory — 
and  JfOc0  "tore  material  is  put  in  its 
place! 


Thermoid  wears  down  instead  of 
mashing  down — it  doesn't  "grab"  or 
slip.  Thermoid  gives  constant  gripping 
power  till  worn  wafer-thin. 

Standard  eqiripment  on  50 
leading  cars 

Because  of  its  unfailing,  its  recognized 
supremacy  and  longer  life,  50  manufac- 
turers of  leading  cars  in  America  now 
install  Thermoid  Brake  Lining  as  stand- 
ard equipment. 

Send  for  our  booklet,  "The  Dangers 
of  Faulty  Brakes."  It  contains  valuable 
information  and  complete  records  of 
brake  lining  tests  which  every  engineer 
will  be  glad  to  have  on  hand. 

THERMOID  RUBBER  COMPANY 

Factory  and  Main  Offices:    Trenton,  N.  J. 

New  York     Chicago     Los  Angeles     Detroit     Atlanta 

San  Francisco       Boston       Cleveland        Kansas  City 

Seattle        London        Paris       Turin 


TixermoicI  Brake  Li  air.  9 

Hydraulic  Compressed 

Makers  of  "Thermoid-Hardy  Universal  Joints"  and 
"■Thermoid  Crolide  Compound  Tires" 
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Standard  Equipment 

on  these  Automobiles 


American-La  France  Lafayette 


Bay  Stale 

Beil 

Case 

Cadillac 

Climax 

Columbia 

Cunningham 

Kissel-Kar 


Lancaster 

Leyland 

Lincoln 

Mitchell 

Napier 

Packard 

Paige-Detroit 

Pierce- Arrow 

Premier 


Roberts 

Rolls-Royce 

Stevens-Duryea 

St  raker-Squires 

Twin  City 

I  .   S.  Tractor 

Vulcan  Truck 

Ward-La  France 

Westcott 

Wisconsin 


Cut  open  rieir  of 
regulator 


Keeps  the  motor 
at  the  degree  of  highest  efficiency 


Consists  of  three  main  parts:  the  Sylphon — 
that  seamless,  solderless,  flexible,  all-metal 
expansion  member,  which  is  the  heart  of  all 
Sylphon  products;  a  valve  and  a  housing  for 
the  Sylphon.  The  Sylphon  is  filled  with  a 
highly  volatile  liquid,  which  vaporizes  at  a  pre- 
determined temperature,  expanding  the  Syl- 
phon and  opening  the  valve  to  admit  water  and 
contracting  and  closing  the  valve  when  the 
temperature  falls.  It  is  self-regulating,  adapted 
to  pump  or  thermo-syphon  cooling  systems, 
can  be  installed  between  the  radiator  and  the 
engine,  either  in  outlet  or  inlet  water  connec- 
tion. Has  no  moving  parts  to  wear  out,  needs 
no  oiling  and  will  outlast  the  motor.  Do  not 
accept  imitations  or  substitutes. 

Send  for  Bulletin  JUR 

THE    FULTON   COMPANY 

KNOXVILLE,  TENNESSEE 

New  York        Chicago.        Detroit         Philadelphia 

Representatives  in  all  principal  cities 


As    Installed   on   Kissel-Kar 


As    installed    on    Pierce-Arrow 


NOTES  AND   REVIEWS 

Continued 

Advanced  Machine  Work.  By  Robert  H.  Smith.  Pub- 
lished by  the  Industrial  Education  Book  Co.,  Boston.  744 
pp.;  823  illustrations. 

This  textbook  is  a  practical  manual  of  machine-shop  prac- 
tice for  shops,  schools  and  individuals  that  has  already  won 
for  itself  a  large  following-  in  colleges,  universities  and  techni- 
cal schools,  this  being  the  seventh  edition.     The  new  section 
15  gives  practical  instruction  in  making  mechanical  measure- 
ment   with    light    waves    to    the    ten    thousandth,    hundred 
thousandth  and  even  to  the  millionth  of  an  inch. 
Seventh  Annual  Report  of  the  National  Advisory  Com- 
mittee for  Aeronautics,  including  Technical  Reports  Nos. 
Ill  to  132.     Published  by  the  Government  Printing  Office, 
City  of  Washington. 

The   progress   made   in   scientific    research   in   aeronautics 
during  the  year  1921  is  described  in  the  reports  of  the  techni- 
cal subcommittees  and  exemplified  by  the  technical  reports, 
published  during  that  period,  copies  of  which  are  summarized 
in  this  Report.     Attention  is  especially  invited  to  the  Sum- 
mary of  General   Recommendations  of  the   Committee,  pre- 
ceding the  body  of  the  Report,  and  setting  forth  what,  in  the 
judgment  of  the  Committee,  the  most  important  steps  to  be 
taken  for  the  advancement  of  aeronautics. 
A  Study  of  Sidedraft  and  Tractor  Hitches.     By  Arthur 
H.    Hoffman.     University  of   California   Agricultural   Ex- 
periment Station.     Bulletin  No.  349.    Published  by  the  Uni- 
versity, Berkeley,  Cal. 

This  bulletin  was  prepared  to  enable  the  author  to  answer 
in  as  complete  a  manner  as  possible  the  numerous  requests 
made  by  farmers  for  information  on  various  phases  of  tractor 
hitching.     The  application  of  mechanical  principles  to  agri- 
cultural   implements   is   clearly   explained    and   photographic 
illustrations  accompany  the  text.     A  valuable  list  of  refer- 
ences to  scientific  articles  and  trade  publications  is  included. 
Preparation  of  Light  Aluminum-Copper  Casting  Alloys. 
By  R.  J.  Anderson.     Bureau  of  Mines  Technical  Paper  No. 
287.      Published   by   Government   Printing   Office,   City   of 
Washington. 

The  author  says  in  his  introduction :  "In  the  United  States 
the  consensus  of  opinion  among  foundrymen  is  that  the  alloy 
containing  92  per  cent  of  aluminum  and  8  per  cent  of  copper 
is  the  best  alloy  available  for  general  casting  purposes  and 
for  some  special  castings.  In  addition,  more  or  less  definite 
light  alloys  have  been  developed  for  particular  uses,  notably 
piston  and  carbureter  alloys  and  alloys  for  so-called  leak- 
proof  parts."  The  process  of  manufacture  of  this  alloy  is 
described  as  well  as  the  methods  used  in  preparing  various 
alloys.  Twenty-two  pages  are  devoted  to  description  of  a 
number  of  interesting  experiments  made  in  the  preparation 
of  rich  alloys,  and  a  short  list  of  publications  available  for 
free  distribution  to  those  interested  in  aluminum  and  its 
alloys  follows. 

Principles  of  Vehicle  Suspension.    By  H.  S.  Rowell.    Pub- 
lished in  The  Automobile  Engineer,  April,  1923,  p.  118. 
Abstract  of  paper  read  before  the  Institution  of  Automo- 
bile Engineers. 

Further  Alcohol  Fuel  Developments.  Published  in 
Motor  Cycling,  London,  April  18,  1923,  p.  772. 
This  short  article  describes  the  special  fuel,  Ricardo-Discol, 
patented  by  H.  R.  Ricardo,  which  is  to  be  placed  on  the  mar- 
ket in  England  shortly  at  6  shillings  per  gal.  At  this  price 
the  new  fuel  is  of  little  interest  to  the  ordinary  driver,  at 
present,  but  further  developments  may  remove  the  price 
barrier. 

Ricardo-Discol  is  a  mixture  having  an  alcohol  base.  The 
exact  composition  cannot  be  stated,  but  the  following  typical 
example,  taken  from  the  patent  specification,  is  near  enough 
for  all  practical  purposes: 

Ethyl  Alcohol,  per  cent  60 

Acetone,  per  cent  20 

Benzol,  per  cent  10 

Water,  per  cent  10 

(Continued  on  p.  14) 
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Lockheed  Success 
Recognized  by  the  Industry 


Engineers  and  others  whose  business  it  is  to 
keep  informed  on  the  trend  of  motor  car 
development,  recognize  the  success  of 
Lockheed  Hydraulic  Four  Wheel  Brakes. 

In  this  device  they  see  the  ultimate  in  brake 
application  —  a  highly  and  continuously 
efficient  brake  for  each  wheel,  simple  in 
design,  rugged  in  construction,  which  ob- 
viates, once  and  for  all,  the  necessity  of  fre- 
quent readjustment  heretofore  experienced. 

During  the  last  five  years  Lockheed  Hy- 
draulic Four  Wheel  Brakes  have  had  the 
most  complete  and  rigorous  test  of  all, 
under  every  conceivable  condition. 

This  is  their  use  by  approximately  1000 
motor  car  owners. 

Some  of  the  cars  on  which  Lockheed  Hy- 
draulic Four  Wheel  Brakes  are  used  have 
covered  more  than  50,000  miles. 

Most  of  these  brakes  have  been,  and  are 
being,  used  in  mountainous  regions,  where 
they  have  given  the  most  amazing  results. 

A  Leading  Feature 
on  1924  Models 

It  is  obvious,  of  course,  that  the  sudden 
spontaneous  demand, — such  as  that  which 
occurred  when  the  self-starter  first  sprang 
into  public  favor — will  place  those  manu- 
facturers who  early  decide  upon  this  new 
equipment,  in  a  position  of  production 
advantage. 

The  fact  that  12  manufacturers  have 
sought  the  close  co-operation  of  the 
Hydraulic  Brake  Company,  and  are  now 
purposing  the  use  of  these  brakes,  is  in- 
tensely significant. 


Four  wheel  brakes  will  be  one  of  the  chief, 
and  probably  the  chief,  new  chassis  feature 
of   1924  production. 

There  are  two  reasons  for  this.  One  is  the 
fact  that  present  brake  systems  are  recog- 
nized as  inadequate,  particularly  under  the 
more  severe  driving  conditions  which  now 
confront  the  motorist. 

Another,  and  extremely  important  reason, 
is  the  stiffer  competition  which  strongly 
brings  out  the  sales  value  of  such  equipment 
as  Lockheed  Hydraulic  Four  Wheel  Brakes. 

A  New  Experience 
or  the  Motorist 


f> 


It  has  been  demonstrated  time  after  time, 
and  over  and  over  again,  that  Lockheed 
brakes  make  a  motor  car  much  easier  to 
sell.  They  become,  in  fact,  the  main 
feature  of  a  demonstration,  and  one  of  the 
principal  selling  points. 

The  ease  and  smoothness  with  which 
Lockheed  Four  Wheel  Brakes  operate;  the 
quickness  with  which  they  can  stop  a  car 
when  necessary;  the  feeling  of  far  greater 
security  which  they  give  to  the  driver,  all 
supply  new  and  distinct  advantages  to  the 
motorist. 

The  potential  demand  for  Lockheed  Four 
Wheel  Brakes  is  clearly  indicated  by  the 
fact  that  on  a  motor  car  where  their  special 
installation  caused  a  substantial  increase  in 
price,  the  Lockheed  equipped  cars  sold 
100%  faster  than  the  non- equipped  cars. 

We  invite  inquiries. 

Hydraulic   Brake   Company 

700  Harper  Ave.  Detroit,  Michigan 


LOCKHEED 

Hydraulic  Four  Wheel 

Brakes 
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It's  the  Engineer's  job  to 
make  the  car  BETTER 


Few  startling  changes  occur  in  automo- 
bile construction  these  days,  but  every 
progressive  manufacturer  is  constantly 
on  the  lookout  for  minor  improvements 
that  will  better  his  product. 

Loosened  nuts  result  in  body  noises;  lost 
bolts  or  nuts  hasten  wear.  Shakeproof 
lock  washers  are  a  distinct  improvement. 
Vibration  makes  them  lock  tighter. 

See  Those  Locking  Struts 

From  12  to  30  locking  struts  set  at  an 
angle  of  45°  immediately  engage  sur- 
faces top  and  bottom  under  vibration, 
gripping  in  such  a  way  as  to  give  positive 
locking.  Shakeproof  are  lighter  and 
stronger  than  ordinary  washers;  they 
exert  an  even  pressure  at  all  points;  they 
do  not  tend  to  distort  thread ;  they  can  be 
used  with  shorter  bolts;  they  are  easier  to 
handle  (cutting  labor  cost)  ;  they  do  not 
rust. 

From  200  to  500  lock  washers  are  used  in 
auto  construction.  Insure  firm  "close 
knit''  construction  by  standardizing  on 
Shakeproof. 


The  Scientific  Eve  of 
the  Engineer  Sees 
Through  SHAKEPROOF 


SHAKEPROOF 

Screw  &  Nut  Lock  Co. 


Wrigley  Building 
Chicago 


NOTES  AND  REVIEWS 

Continued 

It  has  been  tested  on  the  bench  and   also  in  racing  work 
and  is  said  to  have  proved  suitable  in  all  respects. 
Highways  Green  Book.     Published  by  the  American  Auto- 
mobile  Association,   City  of  Washington.     427  pp.;   illus- 
trated with  photographs. 

The  object  of  the  Highways  Green  Book,  of  which  the  1922 
edition  is  the  third,  is  to  combine  in  one  volume  a  compen- 
dium of  the  outstanding  highway  activities  of  the  past  year 
and  a  forecast  of  the  future.  The  book  should  be  of  great 
value  to  students  of  current  highway  legislation,  economics, 
taxation,  progress,  construction  and  maintenance  and  trans- 
portation. Chapters  dealing  with  highway  research  and 
highway  engineering  and  transport  education  are  ably 
treated  by  recognized  highway  authorities.  Valuable  lists  of 
references,  of  highway  organizations,  and  of  county  highway 
bond  issues  are  given  in  appendices. 

Some  Remarks  on  the  Suspension  of  Vehicles.  By  P. 
Lemaire.  Published  in  La  Technique  Moderne,  April  15, 
1923,  p.  241. 

A  mathematical  study  of  suspension  problems  with  special 
reference  to  riding  comfort. 

Revue  Generale  de  L'Aeronautique.  Published  by  Librairie 
Aeronautique,  Etienne  Chiron,  Paris,  quarterly.  256  pp.; 
many  figures. 

This  volume,  Vol.  2,  contains  the  following  articles  of 
interest  to  members: 

(1)  The  General  Problem  of  the  Airplane.     P.  and  M. 
Richard.     56  pp. 

(2)  The  Use  of  Reduction  Gears  on  Aircraft  Engines. 
Capt.  G.  Lehr.     34  pp. 

(3)  Use    of    Wood    in    Aircraft    Construction.       (Con- 
tinued from  Vol.  1.)     Marcel  Monin.     12  pp. 

(4)  The  Development  of  Gliders.   Captain  Roca.   11  pp. 
The  North-Lucas  Light  Car.    By  O.  D.  North.     Published 

in  The  Automobile  Engineer,  April,  1923,  p.  98. 

A    critical    examination    of    a   novel   and   original    design, 
having  the  engine  located  at  the  rear;  a  design  conspicuous 
for   its   good   suspension,    absence    of    engine    vibration    and 
reduced  wind-resistance. 
The  Evaluation  of  Noise.     Published  in  The  Automobile 

Engineer,  April,  1923,  p.  109. 

A   method   of   comparing   and    expressing   sound    in    Unit 
Terms. 
Metallurgy  as  Applied  to  Engineering  Production.     By 

W.    R.    Franklin.      Published    in    Engineering   Production, 

May,  1923,  p.  256. 
Microstructure  of  Paint   Films.     By  Harold   L.  Maxwell. 

Published    in    Chemical    and    Metallurgical    Engineering, 

May  14,  1923,  p.  850. 

An  attempt  to  determine  the  relation  between  microstruc- 
ture and  protective  value  of  certain  paints  and  pigments. 
Aluminum    Bronze    as    an    Engineering    Material.     By 

W.  M.  Corse.     Published  in  Mechanical  Engineering,  May, 

1923,  p.  283;  5  figures. 
Aluminum  Bronze  as  an   Engineering  Material.       Pub- 
lished   in   Chemical   and  Metallurgical   Engineering,   May 

14,  1923,  p.  863. 
The  Engineering  Index  for  1922.     Published  annually  by 

the  American  Society  of  Mechanical  Engineers,  New  York 

City. 

Some  1300  periodicals,  reports  and  other  publications  reg- 
ularly received  during  the  year  by  the  Engineering  Societies' 
Library  have  been  reviewed  and  from  over  600  of  these  the 
articles  to  be  indexed  have  been  selected.  The  items  are  un- 
usually concise  and  the  number  is  considerably  larger  than 
heretofore.  Frequent  users  of  the  index  will  find  that  the 
classification  and  the  system  of  cross-indexing  have  been 
improved.  The  extended  list  of  references  to  bibliographies 
is  an  instance  of  the  attention  that  has  been  given  to  de- 
tails. 

(Concluded  on  p.  16) 
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9/if  Afeiv  Series.  Model  K4- 
a  truck  motor.  Just  one 
of  the  many  Continentals 
built  to  fill  every  truck 
requirement. 


N  the  specialized  car  or  truck  equipped 
with  a  Red  Seal  Continental  Motor  you 
can  feel  the  power  that  is  born  of  fault- 
less construction  and  flawless  quality.  For 
twenty-two  years  such  perfection  has  been 
represented  by— the  Continental  Red  Seal. 

Built   by  the    largest   motor    Specialists   in    the   world 
CONTINENTAL  MOTORS  CORPORATION 

Detroit  and  Muskegon,  Michigan 
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DOBHUR. 

The  World's  Lartei  Producer- of 


Doehler    Die-Cast    Aluminum    Carbu- 
retor Connection 

Where  die-castings  are  to  be 
plated,  enamelled,  or  given 
other  special  finish,  Doehler 
engineers  are  ready  with  chem- 
ical and  metallurgical  experi- 
ence invaluable  to  a  customer 
because  of  its  unequalled  scope 
and  diversity. 

To  produce  die-castings  that 
are  right  is  but  part  of  the 
Doehler  policy. 

The  Doehler  Company  feels 
equally  obligated  to  give  to  its 
customers  every  assistance  in 
using  those  die-castings  to  best 
advantage,  that  the  utmost  on 
the  investment  may  be  realized. 


BROOKLYN.  N.Y. 

TOLEDO.  OHIO. 


Notes  and  reviews 

Concluded 


Bibliography  of  Aeronautics.  1917-1919.  Compiled  for  the 
National  Advisory  Committee  for  Aeronautics  by  Paul 
Brockett.  Published  by  the  Government  Printing-  Office, 
City  of  Washington. 

This  work  covers  the  literature  published  from  Jan.  1, 
1917,  to  Dec.  31,  1919,  and  continues  the  work  of  the  Smith- 
sonian Institution  issued  as  Vol.  55  of  the  Smithsonian  Mis- 
cellaneous Collections,  which  covered  the  material  published 
prior  to  June  30,  1909,  and  the  work  of  the  National  Advisory 
Committee  for  Aeronautics  as  published  in  the  Bibliography 
of  Aeronautics  for  the  years  1909  to  1916.  The  National 
Advisory  Committee  for  Aeronautics  will  next  present  a 
bibliography  for  the  years  1920  and  1921  in  one  volume,  and 
it  is  the  Committee's  intention  to  publish  a  Bibliography  of 
Aeronautics  annually  thereafter. 

Fatigue  in  Metals.  By  C.  F.  Jenkin.  Paper  read  before 
the  Royal  Aeronautical  Society,  Dec.  7,  1922.  Published 
in  Chemical  and  Metallurgical  Engineering,  May  7,  1923, 
p.  811. 

The  author  demonstrated  the  theory  of  fatigue  by  the  use 
of  a  model.     It  was  found  that  the  results  predicted  by  the 
model  agreed  with  the  test  data.     The  author  proposes  to  use 
this  model  to  form   the   basis  of  accurate   strength   calcula- 
tions and  to  introduce  fatigue  limits  into  steel  specifications. 
Aircraft    Development    Since   the   Armistice.     Part   1 — 
Airplanes;  Part  2 — Armament;   Part  3 — Engines;   Part  4 
— Equipment.     Prepared   by    the   engineering   division   of 
the  Air  Service,  McCook  Field,  Dayton,  Ohio.     Published 
as  Air  Service  Information  Circular  No.  402  by  the  Gov- 
ernment Printing  Office,  City  of  Washington. 
The  Steam  Wagon  from  the  Designer's  Point  of  View. 

By  F.  J.  Bretherton.     28  pp.;  25  illustrations. 
The  Use  and  Limitations  of  the  Steam  Wagon.     By  C. 
Le  M.  Gosselin.    17  pp.;  11  illustrations. 
Two  reprints  published  by  the   Institution  of  Automobile 
Engineers,  April,  1923. 

Testing  the  Quality  of  Lubricating  Oils.     By  Winslow 
H.   Herschel.     Published   in  the   Proceedings  of  the   Engi- 
neers'  Society   of    Western   Pennsylvania,   January,    1923, 
p.    503. 
Viscosity  of  Lubricating  Oils  at  High  Pressures.    Prog- 
ress Report  of  the  Special  Research  Committee  on  Lubri- 
cation of  the  American  Society  of  Mechanical  Engineers. 
Published  in  Mechanical  Engineering,  May,  1923,  p.  315. 
Experiments  with  Fabrics  for  Covering  Airplane  Wings. 
By  A.  Proll.     National  Advisory  Committee  for  Aeronau- 
tics Technical  Note  No.  137.     37  pp.;  33  illustrations. 
The  Measurement  of  Airflow.    By  R.  O.  King.    Published 
in  Engineering,  April  13  and  April  20,  1923. 
Discusses  the  measurement  of  airflow  by  a  throttle  plate 
with  special  reference  to  the  measurement  of  the  air  supply 
to  internal-combustion  engines. 

Monel   Metal.      By  John   Arnott.     Published   in   Engineer- 
ing, April  20,  1923,  p.  495. 
Some  Notes  on  the  Design,  Construction  and  Operation 
of  Flying  Boats.  By  Major  J.  D.  Rennie.   Published  in  the 
Journal  of   the   Royal  Aeronautical  Society,   April,   1923, 
p.  123. 
Wireless  Ignition.   Verbatim  copy  of  the  patents  taken  out 
by   Robert  Bosch.     Published   in  La   Pratique   Automobile, 
April  1,  1923,  p.  9348. 
Testing    Machine    Developed    to    Solve    Gear-Strength 
Problem.     By   Wilfred   Lewis.     Published   in   Automotive 
Industries,  May  3,  1923,  p.  974. 
Recent  Developments  in  Aircraft  Engines  in  the  Navy. 
By   Bruce    G.    Leighton.     Published    in   Aerial   Age,   May, 
1923,  p.  220. 
New  Long-Life  Mold  Development.     By  Dr.  Richard  Mol- 
denke.  Paper    presented    at    the    annual    meeting    of    the 
American    Foundrvmen's    Association.      Published    in    The 
Iron  Age,  May  3,  1923,  p.  1251. 
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'  I  'HE  faith  of  the  Gardner  Motor  Company  in  its 
■*■  product  speaks  in  the {ullone-yearnritten  guaran- 
tee accompanying  every  Gardner  sold— a  guarantee 
backed  by  an  organization  of  40  years  standing. 
Besides  the  Gardner,  Westinghouse  Starting, 
Lighting  and  Ignition  Equipment  is  the  choice  of 


a  large  number  of  car  builders  who  do  not  choose 
materials  for  their  cars  because  of  low  purchase 
price.  Like  Gardner,  their  selections  are  guided  by 
the  reliability  of  the  supplier  and  the  ability  of 
the  apparatus  to  function  properly  when  built 
into  the  automobile  for  which  especially  designed. 


WESTINGHOUSE    ELECTRIC   Be   MANUFACTURING    COMPANY 
Automotive  Equipment  Department,  Sales  and  Service  Headquarters:  82  Worthington  St.,  Springfield,  Mass. 

Westinghouse 


;•> 
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WITH  one  swift  motion,  the  new  lever  type  of 
Dura  Window  Regulator  raises  or  lowers  the 
glass  and  locks  in  any  position  as  securely  as  the  brake 
on  your  car. 

Dura  alone  has  developed  the  lever  action  window 
regulator,  and  this  new  regulator  represents  the 
utmost  convenience  which  our  entire  experience  has 
taught. 

Installed  on  the  face  of  the  door  instead  of  the  pillar, 
the  new  Dura  lifter  has  no  rights  or  lefts.  It  weighs 
only  three  pounds  and  a  quarter,  including  the  handle. 
In  operation  it  is  as  perfect  as  the  motion  of  your  arm. 


The  DURA  COMPANY,  Toledo,  Ohio 
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Explosive 

Action 

of  the  Bowen-Empress  Gun  shoots  a  charge  of 
the  lubricant  into  the  bearing  under  high  pres- 
sure driving  out  the  dirt,  grit  and  old  dead  grease 
leaving  the  bearing  completely  covered  with  a 
film  of  fresh,  clean  lubricant. 


Before  applying  the  Bowen-Empress  Gun  to 
the  fitting  on  the  bearing,  pressure  is  first  de- 
veloped in  the  gun  by  turning  the  plunger 
forcibly  against  the  lubricant.  A  check  valve 
in  the  nozzle  holds  the  pressure  within. 

Next,  using  one  hand  only  the  connection 
cover  is  lifted  with  the  slotted  gun  end  and 
the  nozzle  thrust  into  the  connection,  the 
valve  in  the  nozzle  coming  in  contact  with  the 
trip  in  the  bottom  of  the  connection  releasing 
the  pressure  and  instantaneously  flooding 
the  bearing  with  a  charge  of  the  lubricant. 
The  dust  tight  connection  cover  is  then 
snapped  shut  using  the  gun  end.   Then  with- 


draw the  gun  and  develop  the  pressure  for 
the  next  bearing. 

Quick,  Clean  and  Convenient.  No  connec- 
tions to  make  between  gun  and  fitting.  No 
easily  mislaid  dust  caps  to  remove  and  re- 
place. No  dirt  collecting  open  ball  check  fit- 
tings. No  flexible  hose  to  break  under  pres- 
sure. Unnecessary  to  lock  gun  to  fitting  on 
bearing  or  to  turn  back  plunger  to  relieve 
pressure  before  removing  gun  from  fitting 
on  bearing. 

The  Bowen-Empress  System  can  be  used  with 
either  oil  or  grease  as  the  lubricant. 


One  Hand  Operates  It 


Bowen  Products  Corporation 

Auburn  Division,  Auburn,  N.  Y. 
Write  for  Descriptive  Booklet—No.  N-301 

T^owen-T«mDress 


HIGH  PRESSURE  LUBRICATING  SYSTEM 


FOR  ALL  MOTOR  CARS  AND  TRUCKS 
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Test  of  Cut   Gear 


Test   of  L-B  Ground  Gear 


Sound  Waves  Eliminated  by 
Lees-Bradner    Gear   Grinder 


The  charts  reproduced  above  were  made  on  a  velocity  ratio  testing  machine 
at  the  Cadillac  factory — waves  in  the  line  represent  variations  in  angular  velocity 
of  the  gear  under  test. 

These  waves  make  gear  noise,  cause  excessive  wear  on  gear  teeth,  destroy  effi- 
ciency and  produce  destructive  vibration.  L-B  Grinding  of  gear  teeth  corrects 
these  errors  whether  caused  by  tooth  form  or  spacing. 

"These  are  the  only  perfect  gears  I  ever  saw,"  said  the  man  who  sells  the 
velocity  testing  machine.  They  are  so  near  to  absolute  perfection  that  we  have 
found  it  necessary  to  construct  a  new  type  of  testing  machine — one  which  will 
measure  a  tenth  of  a  thousandth  of  variation  in  tooth  form  or  spacing.  Ask  for 
information  about  the  Lees-Bradner  Gear  Tester. 

With  years  of  development,  three  years  of  production  test  in  the  hands  of 
users,  and  ten  times  as  many  gear  grinders  in  daily  service  as  have  been  shipped 
by  all  competitors  combined,  we  are  offering  a  practical  production  machine.  The 
Lees-Bradner  Gear  Grinder  is  protected  by  broad  patents  and  users  are  protected 
by  our  long  experience. 


The  LEES-BRADNER  CO.,  Cleveland,  Ohio,  U.  S.  A. 
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It  is  not  difficult  to  make  a  ball  bearing. 
But  a  good  bearing  is  a  distinct  achieve- 
ment. The  Schatz  Universal  Annular 
Ball  Bearing  embodies  exclusive  features 
of  design  and  the  highest  manufacturing 
practice. 

Specify  the  bearing  with  a   margin  of 
safety — Schats   Universal. 

The  Federal  Bearings  Co.,  Inc. 

Poughkeepsie,  N.  Y. 


Schatz 
UNIVERSAL 


June,  1923 


THE   JOURNAL  OF  THE   SOCIETY   OF   AUTOMOTIVE   ENGINEERS 


23 


You  See 


Every 
Day 


Every- 
where 


Sheet  Metal  Products 


HAYES  Manufacturing  Com- 
pany specializes  in  the  pro- 
duction of  Automobile  Body  Stamp- 
ings. 

Its  whole  equipment  is  planned 
for  the  rapid,  economical  produc- 
tion of  automobile  body  parts  that, 
because  of  their  accuracy,  lend 
themselves  to  rapid,  uninterrupted 
assembly. 


Hayes  designs  and  builds  its  own 
dies — and  the  Company  has  a  repu- 
tation for  meeting  specifications  to 
a  nicety. 

Send  us  your  blue  prints  for  Body 
Stampings,  Fenders,  Hoods  and 
other  Standard  or  Special  Sheet 
Metal  Parts.  Estimates  furnished 
promptly. 


Hayes  Manufacturing  Company 


DETROIT,  MICH. 
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An  Important  Factor 
in  Automobile  Value 


FIRESTONE  Gum-Dipped  Cords 
add  to  the  value — the  appear- 
ance, the  economy  and  the  life — of 
any  car. 

Carefully  developed  over  a  period 
of  22  years,  Firestone  quality  is  to- 
day at  the  peak. 

Many  special  manufacturing  proc- 
esses have  been  worked  out  and 
perfected  in  the  betterment  of 
Firestone  Cords. 

Gum-Dipping,  air-bag  cure,  rub- 
ber blending  and  tempering,  as 
Firestone  employs  these  processes, 
result  in  stronger,  yet  more  resilient 
tires  of  much  longer  mileage. 

The  true  importance  of  these 
factory  methods  lies  in  the  uniform- 
ity they  insure.  High  quality  in 
Firestone  Cords  is  unvarying  in 
hundreds  of  thousands  of  tires. 

Most  Miles  per  Dollar 


firestone 
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Approved 

Sales^0 

Production. 

Purchasing 


THE  stamp  of  approval !  Years  of  serving  the  automotive 
industry  have  placed  Basco  body  hardware  and  electri- 
cal components  on  the  majority  of  American  cars  and 
trucks.  A  splendid  tribute  to  twelve  years  of  service. 
We  are  proud  of  it.  We  believe  it  proves  that  Briggs  and 
Stratton  have  the  comprehension  and  vision  to  grasp  the  de- 
sires of  engineering,  production  and  purchasing  departments, 
and  fuse  them  into  a  finished  product!  Briggs  and  Stratton  does 
that  for  other  leaders  of  the  industry — and  can  do  it  for  you. 

Lighting,  IgnitionandStartingSuiitches,  Instrument  Panels,  Generator  Cutouts,  Horns, 
Body  Hardware  including  Locking  and  Non-Loclang  Outside  Handles,  Inside  Lexers 
and  Knobs,  Door  Loclts  and  Hinges.Too!  Box.  Pillar,  Deck  and  Compartment  Locfcs. 
The  new  Basco  catalog  is  ready  for  mailing  to  Automobile,  Truck  and  Body  Builders. 


Qrattonfa 

"HuntirBT  iiiiii iiiiimiiHiiiilmiiiiiiiimiiiiiiiiilii^iiimtiiiiii 

f*Si      "Wisconsin      ^— >* 
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Thoroughbred 


NEVERLEEK  adds  the  touch  of 
elegance  that  distinguishes  fine 
cars.  It  marks  the  thoroughbred.  For 
years  it  has  been  the  standard  top  ma- 
terial of  the  leading  automobile  manu- 
facturers and  custom-body  builders. 
Each  year  brings  increased  recognition 
of  its  pre-eminence. 

Its  beautiful  surface  reveals  style 
and  smartness;  rugged  endurance  is 
built  into  the  texture.    Neverleek  holds 


its  cut  and  fit  throughout  the  life  of  the 
car,  and  maintains  its  original  lustre 
and  trimness  under  severest  conditions. 
Blistering  sun  cannot  fade  it  or  crack  it. 
Heavy  wet  snow  cannot  make  it  sag  or 
stretch. 

Neverleek  samples  in  different  grains 
and  with  many  styles  of  linings,  with 
prices,  will  be  sent  to  automobile  manu- 
facturers and  top  and  body  makers 
upon  request. 


TOP  MATERIAL 

Tra.le  Mark  Rec.  U.  S.  Pat.  Off. 

F.  S.  CARR   COMPANY,  31    Beach   Street,   Boston,   Mass.     Branch    Offices,  Detroit,   St.   Louis,  Atlanta 
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Bronze  Piston  Rings  Greatly  Reduce  Cylinder 

Wear  and  Piston-Groove  Wear  and  Reduce 

Ring  Friction  to  a  Minimum 


An  Announcement  to  Automotive  Engineers 


By  The  Reus  Manufacturing  Co.,  Baltimore,  Md. 


SIDE  GBOOVE-i 
PRESSURE 


EXPERIMENTS  that  have  been  made  by  Automotive 
Engineers  with  unusual  frequency  since  the  earliest 
days  of  the  automobile  industry,  covering  many 
changes  in  the  proportion  and  design,  indicate  the  importance 
attached  to  piston  rings. 

To  attempt  to  enumerate  the  changes  that  have  been  made 
in   piston   rings   would    be    impossible    because   many   which 
never  extended  beyond  the  experimental  stage  have  been  lost 
sight   of;   while  of  those   that  have  re- 
mained, few  represent  marked  progress. 
Piston  rings   are  vital   to  motor   effi- 
ciency.     The   function?    of   piston   rings 
are   many-fold.     Upon    piston   rings   de- 
pend the  power  generated  by  the  motor, 
the  economy  of  that  power,  effective  com- 
bustion and  life  of  the  motor. 

Since  practically  every  part  of  the 
motor  is  a  working  part,  being  in  con- 
stant motion  and  usually  under  high 
speed  conditions,  the  profession  has 
solved  most  of  the  problems  associated 
therewith  by  selecting  special  metal  In 
the  various  phases  of  manufacture. 

This  is  illustrated  in  the  case  of 
wrist  pin  bushings,  crankshaft  bearings, 
valves,  cylinders,  gears,  etc.  Bearings, 
for  instance,  are  made  of  the  highest 
grade  of  bronze  in  order  to  overcome 
the  friction  and  heat  which  produce 
wear.  Valves  are  also  made  of  special 
metal  which  withstands  extreme  heat 
without  warping;  while  with  pistons, 
gears  and  other  working  parts,  metal  in- 
suring utmost  efficiency  likewise  is  used. 

Adhering  to  this  fundamental  prin- 
ciple, the  Reus  Manufacturing  Company, 
after  several  years  of  experiment  in  the 
making  of  piston  rings,  has  perfected  the 
REBCO  BRONZE  PISTON  RING. 
Early  in  these  experiments  we  recog- 
nized that  bronze  was  the  only  metal 
that  would  meet  the  requirements,  there- 
fore our  efforts  were  concentrated  upon 
a  method  of  manufacture  that  would 
enable  us  to  produce  an  efficient  bronze 
ring  at  a  price  warranting  competition 
with  commonplace  cast  iron  rings. 

That  our  efforts  have  been  successful 
is  proved  by  the  tests  made  under  actual 
driving   conditions   and   under   most   ex- 
acting circumstances.     Further  evidence 
of   our    successful    achievement    is    con- 
tained in  a   statement  made  by  a  tech- 
nical demonstrator  of  a  well-known  automobile  at  the  recent 
New  York  Show,  who  in  reply  to  a  question  as  to  the  reason 
why  the  particular  motor  used  only  two  rings  instead  of  three 
rings  on  each  piston,  replied: 

"One  of  the  reasons  why  we  made  that  change  was  to 
reduce  friction  on  the  cylinder  walls,  as  the  great  amount  of 
friction  and  wear  created  by  the  rings  in  a  motor  is  being 
realized  more  and  more.  A  BRONZE  PISTON  RING  is  on 
exhibition  in  this  building  for  the  first  time,  which  to  my 
mind  seems  to  be  a  great  step  forward  in  reducing  the  fric- 
tion and  wear  on  the  cylinder  walls." 

Tests  which  have  been  made  prove  that  REBCO  BRONZE 
PISTON  RINGS  in  reducing  the  wear  in  a  motor,  naturally 
enhance  the  general  efficiency  and  prolong  the  life  of  the 
most  vital  parts  of  a  motor. 

After  very   extensive   road   tests   with   REBCO   BRONZE 


Rebco  Single 


PISTON  RINGS  in  a  motor  with  3%-inch  bore,  the  rings 
being  *4  inch  in  width,  we  found  the  following  results:  The 
motor  being  new,  it  was  equipped  with  a  complete  set  of 
twelve  (12)  BRONZE  rings.  After  3800  miles  two  of  the 
rings  were  removed,  the  cylinders  were  accurately  gauged 
and  showed  less  than  .0005-inch  wear  and  the  rings  showed 
only  the  usual  wear  required  to  properly  seat  them. 

The  second  inspection  was  made  after  the  car  had  gone 
7800  miles,  when  two  more  rings  were 
removed  and  showed  several  thousandths 
of  an  inch  wear;  and  when  gauging  the 
cylinders,  we  found  them  to  show  prac- 
tically no  wear  beyond  that  shown  on 
the  first  inspection.  The  third  inspection 
was  made  after  the  car  had  been  run 
11,000  miles  and  results  were  practically 
the  same. 

The  final  inspection  was  made  after 
ear  had  gone  19,800  miles  and  the  cylin- 
ders were  found  to  have  about  .001-inch 
wear  and  the  grooves  of  the  pistons 
were  practically  perfect.  While  the 
BRONZE  rings  showed  more  face  wear 
than  the  conventional  type,  cast  iron 
rings,  the  bronze  rings  were  still  good 
and  in  serviceable  condition. 

Admitting  that  a  BRONZE  ring  will 
wear  slightly  more  than  a  cast  iron 
ring,  nevertheless  in  the  interest  of 
'  motor  efficiency  it  is  easier  and  much 
cheaper  to  renew  rings  than  to  regrind 
cylinders,  which  also  requires  a  complete 
set  of  oversize  pistons  and  rings  and 
considerable  delay. 

Another  factor  in  favor  of  bronze  as 
the  ideal  piston  ring  metal  is  that 
bronze,  being  a  natural  conductor  of 
heat,  passes  heat  off  quickly. 

The  frictional  resistance  of  REBCO 
BRONZE  PISTON  RINGS  is  consider- 
ably less  than  that  of  cast  iron  rings  of 
the  same  width;  and  for  this  reason  a 
wider  ring  may  be  used  to  distinct  ad- 
vantage, which  also  prolongs  the  life  of 
the  ring. 

The  spring  tension  of  REBCO 
BRONZE  PISTON  RINGS  is  provided 
by  means  of  a  steel  expander.  The  steel 
expander  is  made  of  chrome-vanadium 
nickel  steel  and  will  withstand  any  tem- 
perature in  a  motor  under  working  con- 
Bebco  Dual  ditions   without  the   slightest   possibility 

of  losing  any  of  its  spring  tension.  The 
steel  expander  in  the  DUAL  ring  keeps 
the  bronze  members  properly  adjusted  to  the  cylinder  wall 
and  both  sides  of  the  piston  groove,  thereby  overcoming  any 
possibility  of  the  passing  of  oil.  The  steel  expander  in  the 
SINGLE  ring  makes  it  function  the  same  as  any  one-piece, 
conventional  type,  cast  iron  ring. 

REBCO  BRONZE  PISTON  RINGS  have  a  low  wall  ten- 
sion but  are  so  designed  that  the  tension  can  be  increased  or 
decreased  to  meet  any  special  requirement,  thus  giving  per- 
fect control  of  wall  tension. 

In  order  that  REBCO  rings  may  be  tried  under  every  con- 
dition of  motor  performance,  we  will  forward  a  set  or  sets 
to  Automotive  Engineers  for  their  inspection  and  testing. 

The  features  of  REBCO  BRONZE  PISTON  RINGS  are 
PERFECT  SERVICE— REASONABLE  COST— and  PRO- 
LONGED LIFE  OF  THE  CYLINDER  WALLS  AND 
PISTON  GROOVES. 
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MAKERS      OF 


The  World's  Highest  Grade 
Ignition,  Starting  and  Lighting 

ATWATER  KENT  Ignition,  Starting 
jT\  and  Lighting  Systems  are  carefully 
designed  and  built  to  secure  maximum 
performance  under  all  conditions  of 
operation  or  climate. 

The  units  are  compact,  highly  efficient 
and  sturdy. 

They  will  improve  the  performance  of 
any  motor  and  give  long  and  satisfac- 
tory service. 


Atwater  Kent  Manufacturing  Company,  Philadelphia,  Pa. 


4953  STENTON  AVENUE 
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Westinghouse 


"33.8  Miles  to  the  Gallon" 

is  the  A.  A.  A.  Coast  to  Coast  record 
made  by  the  "Gray" — it  has  West- 
inghouse  ignition  and  Bakelite  insu- 
lation. 

/^\NLY  a  molded  insulation  possessing  a  rare 
^-^  combination  of  essential  properties  may 
successfully  be  used  for  ignition  distributor 
caps.  Being  set  close  to  the  motor  it  must 
resist  high  temperatures.  It  is  essential  that 
it  be  immune  to  injury  from  severe  vibration 
and  impervious  to  oil  and  moisture. 

Since  it  meets  all  these  requirements  and 
is  also  noted  for  its  high  dielectric  strength, 
molded  phenol  resin  has  become  the  univer- 
sally accepted  standard  for  ignition  insulation. 
It  is  known  by  the  trade-marks  Bakelite — 
Condensite — Redmanol. 

BAKELITE  CORPORATION 

Address  the  Divisions 

Each  Division  maintains  a  research  laboratory 
which  will  gladly  cooperate  with  manufac- 
turers in  the  working  out  of  new  applications. 


Divisions  of 
BAKELITE  CORPORATION 


BAKELITE 

General  Bakelite  Co. 
8  West  40th  St.  New  York 

Condensite 

Condensite  Co.  of  America 
Bloomfield,N.J. 

RgDMANOL 

Redmanol  Chemical 

Products  Co. 

636-678  West  22nd  St 

Chicago,  111. 


7Ae  Material  of  a  Thousand  Uses 
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Have  We  Your  Correct  Address  ? 

The   New  York   Office   is   just   as   anxious  as  the  individual  members   that  they 
receive  THE  JOURNAL  and  other  communications  promptly. 

This  result  cannot  be  achieved  unless 

Members  notify  the  office  whenever  they  make  a  change  in  their  business  connection  or 
their  mail   address    or   both. 

Members  who  have  been  in  the  service  of  the  Government  either  as  civilians  or  in  the 
Army  or  Navy  let  us  know  when  they  leave  the  service  and  aiso  when  they  re-enter 
commercial    fields. 

Your  cooperation  is  necessary  and  will  be  greatly  appreciated. 


May  We  Have  It? 


SOCIETY  OF  AUTOMOTIVE  ENGINEERS,  Inc. 


TRANSACTIONS 

OF 

THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


PRICE 

TO  MEMBERS 

$2.00 

PER  PART 


AVAILABLE     BACK     NUMBERS 

PART    I,  1913 

PART  II,   1917 

PART    I,  1920 

PART  II,   1913 

PART    I,  1918 

PART  II,   1920 

PART    I,  1914 

PART  II,   1918 

PART    I,  1921 

PART     I,  1915 

PART    I,  1919 

PART    I,  1917 

PART  II,   1919 

PRICE 

TO 

NON-MEMBERS 

$10.00 

PER  PART 


PLEASE  ENCLOSE  YOUR  CHECK  WITH  YOUR  ORDER 


June,  1923 


THE  JOURNAL  OF  THE  SOCIETY   OF   AUTOMOTIVE   ENGINEERS 


31 


V' 


?>  ♦ 


7lP  ) N 


WNC&  i 


Propeller  Shaft 


*> 


Sheldon 


Spiin^syor^otor  Cars  and  Trucks 


SALISBURY 


Axles/br  Passenger  Cars 


Heat  Treated^  Frame 


Sheldon 


Axles/or  j\?otorTrucks 


Known  Quantities 

GREATER  to-day  than  ever  is  the  pub- 
lic's tendency  to  select  its  motor  cars 
and  trucks  on  the  basis  of  known  quantities 
— units  which  are  the  product  of  specialized 
engineering;  units  whose  reputations  are 
established;  units  whose  performances 
have  had  the  infallible  test  of  time. 

Load-carrying  and  power-transmitting 
parts  like  Spicer,  Sheldon,  Salisbury  and 
Parish  make  choosing  easy. 


Parish  Mfg.  Corp.,  Reading,  Pa.,  and  Detroit,  Mich. 
Sheldon  Axle  and  Spring  Co.,  Wilkes-Barre,  Pa. 
Salisbury  Axle  Company,  Jamestown,  N.  Y. 

Spicer  Mfg.  Corporation,     South  Plainfield,  N.  J. 

G.  A.  DANA,  President 
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As  smoothly  as  grandmother 
wound  a  bobbin  of  thread 


THERE  is  really  no  reason 
why  your  coils  should  not 
be  wound  as  easily  and 
smoothly  as  grandmother 
wound  a  bobbin  of  thread. 

Simply  see  that  your  next 
specifications  call  for  Acme 
Wire — it  goes  in  the  space. 

Acme  Wire  is  made  by  a 
company  that  for  years  has 
specialized  in  the  endeavor  to 
make  a  better  wire  for  a  par- 
ticular purpose.  In  our  own 
plant  we  wind  hundreds  of 
thousands  of  coils,  and  so 
know  exactly  what  magnet 
wire  should  be  and  what  it 
should  do. 

The  difference  between 
Acme  Wire  and  other  magnet 
wire  is  only  a  matter  of  degree. 


Probably  with  the  naked  eye 
you  could  not  detect  this  dif- 
ference. Yet  the  fact  remains 
that  in  many  instances  Acme 
Wire  has  reduced  winding 
costs  as  much  as  ten  to  twenty 
per  cent. 

Acme  Wire  is  uniform  and 
free  from  lumps  and  imperfec- 
tions. It  insures  better-wound 
coils  and  fewer  rejections.  A 
coil  wound  with  Acme  Wire 
will  take  the  specific  number 
of  turns  without  piling  up. 

Throughout  the  entire  proc- 
ess of  making  Acme  Wire  it  is 
inspected  to  see  that  it  is  up 
to  the  high  Acme  standard. 
The  result  is  a  quality  product, 
one  that  we  are  proud  to  make 
and  you  will  be  glad  to  use. 


Illustrated    Catalog    on    Request   ti    Engineers, 
Purchasing  Agents,    Executives   anJ    Operators. 

THE  ACME  WIRE  CO.,  New  Haven,  Conn. 

NEW  YORK       CHICAGO       CLEVELAND 

Acme 


Some  Users  of 
Acme  Magnet  Wire 

Atwater  Kent  Mfg.  Co. 
Azor  Motor  Mfg.  Co. 
Century  Electric  Co. 
Dayton  Engineering  Laborator- 
ies Co. 
Delco-Light  Co. 
Diehl  Mfg.  Co. 
Domestic  Electric  Co. 
Eisemann  Magneto  Corporation 
Electric  Auto-Lite  Corp. 
Electric  Specialty  Co. 
Electrical  Products  Mfg.  Co. 
Eureka  Vacuum  Cleaner  Co. 
Ford  Motor  Co. 
Gray  &  Davis,  Inc. 
Hamilton  Beach  Mfg.  Co. 
Holtzer-Cabot  Electric  Co. 
Hoover  Suction  Sweeper  Co. 
Klaxon  Co. 
Robbins  &  Myers  Co. 
Sangamo  Electric  Co. 
Sunlight  Elec.  Mfg.  Co. 
U.  S.  Auto  Supply  Co. 
Wagner  Electric  Corporation 
Western  Cartridge  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 


Acme  Wire  Products 

"Enamelite,"  plain  enameled 
Magnet  Wire;  "Cottonite," 
Cotton-covered  Enamelite; 
"Silkenite."  Si  Ik-covered 
Enamelite.  Single  and  Double 
Cotton  Magnet  Wire;  Single  and 
Double  Silk  Magnet  Wire.  We 
also  have  a  complete  organiza- 
tion for  the  winding  of  coils  in 
large  production  quantities. 


Acme  Electrical  Insulations 

Flexible  Varnished  Tubing  in 
all  standard  sizes  and  colors. 


"It 


Wire^ 

goes  in  the  space 


Acme  Radio  Specialties 

Audio  Transformer  windings. 

Radio  Frequency  windings. 

Magnet  windings  for  Head 
Sets. 

Enameled  wire — especially  the 
finest  sizes,  40-44  B  &  S  gauge. 

Silk  and  cotton-covered  mag- 
net wire. 

Enameled  Aerial  wire — single 
wire  and  stranded. 
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Klaxon's  sound  is  not  merely  loud — it 
is  penetrating!  Its  unmistakable  'saw- 
tooth' note  is  distinctly  heard  above  the 
roar  of  downtown  noises.  No  matter 
what  other  distracting  sounds  may  fill 
the  air — Klaxon's  distinctive  note  is 
instantly  heard  and  as  quickly  regarded. 


A   Good  Horn  is  Safety  Insurance 
Only  Klaxon  Quality  is  Good  Enough 


Genuine  KLAXON  Horns  made  only  bif 


KfFSM 


Company  r.V^eivark^N.  J. 
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Airplane  view  showing  the  world-famous  Speedway  at  the  left  and  Prest-O-Lite  plant  at  the  right 


The  Speedway  and  Prest-O-Lite  were 
built  to  better  motoring 


The  same  spirit  which  created  Prest- 
O-Lite  built  the  Speedway.The  same 
organization  made  both— and  each 
has  been  and  is  a  direct  contribu- 
tion to  the  advancement  of  motor- 
ing. Because  of  the  information 
gained  in  the  great  racing  events  on 
the  Speedway,  developments  of  tre- 
mendous importance  in  motors, 
tires,  chassis  construction  and  other 
features  of  the  automobile  have 
come  about. 


The  huge  Prest-O-Lite  factory,  just 
across  the  road  from  the  Speedway, 
typifies  the  same  devotion  to  advance- 
ment. Three  times  in  eight  years  the 
plant  has  been  greatly  enlarged,  to 
keep  pace  with  the  demands  made 
upon  it.  Representing  "the  oldest 
service  to  motorists, "  the  plant  itself 
symbolizes  an  organization  that  puts 
its  full  resources  back  of  every  Prest- 
O-Lite  product  and  every  Prest-O- 
Lite  Service  Station. 


THE  PREST-O-LITE  COMPANY,  Inc.  Indianapolis,  Indiana 

New  York  Office:  30  East  42nd  St.  Pacific  Coast  Office:  599  Eighth  St.,  San  Francisco 

In  Canada:  Prest-O-Lite  Company  of  Canada,  Ltd.,  Toronto 
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■the  battery  for  cars 


The  Prest-O'Lite  Battery  lives  up 
to  the  expectations    aroused  by 
the  prominence  of  the  plant.The 
constant    care    in    selection  of 
materials,  rigid  inspections  and 
keen  judgment  of  experts  com- 
bine to  present  in  Prest-O-Lite 
Batteries  the  power  which  dis- 
tinguishes   them,   the    reserve    strength   for 
emergencies  and  the  long  life  and  depend 
ability  which  make  them  excel  for  all-around, 
all-weather  service. 

— the  gas  for  trucks 

Prest-O-Lite  Gas  has  always  been  the  superior 
lighting  equipment  for  trucks.  With  it,  too, 
the  service  idea  is  fully  carried  out  —  as 
22,000  Prest-O-Lite  Gas  Stations  all  over  the 
country  quickly  exchange  full  tanks  for 
empty  ones,  and  you  pay  only  for  the  gas.  The 
equipment  is  approved  by  public  authorities 
everywhere.  It  cannot  be  jarred,  jolted  or 
bumped  out  of  commission,  and  it  is  as 
economical  as  it  is  completely  Satisfactory. 

THE  PREST-O-LITE  COMPANY,  Inc.,  Indianapolis,  Ind. 

Small  Tank  Sales  Department 

New  York  Office:  30  East  42nd  St.  Pacific  Coast  Office:  599  Eighth  St.,  San  Francisco 

In  Canada:  Prest-O-Lite  Company  of  Canada,  Ltd.,  Toronto 
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The  Growing  Importance 
of  Lubrication 


in  the  Public  Mind 

From  practically  every  state  we  are  getting  constant  re- 
ports of  a  rather  startling  increase  of  public  interest  in  the 
question  of  lubrication. 

The  news  of  the  remarkable  savings  made  in  repair  costs 
by  fleet  owners  through  the  methodical  use  of  ALEMITE 
is  spreading  rapidly  to  the  passenger  car  owner. 

From  a  handy-man's  job,  lubrication  has  grown  to  be  the 
biggest  source  of  side-revenue  for  hundreds  of  garages  and 
service  stations.  In  one  small  town  last  year  one  dealer 
made  $5,000  lubricating  cars  with  ALEMITE.  He  has 
over  300  customers  who  have  subscribed  to  a  regular 
monthly  lubricating  service. 

Car  dealers,  too,  report  this  year,  that  in  discussing  upkeep 
costs  an  unusual  proportion  of  purchases  have  hinged 
upon  lubrication  equipment — especially  where  the  pros- 
pect is  buying  his  second  or  third  car. 


THE   BASSICK  MANUFACTURING   COMPANY 

2654  N.  Crawford  Ave.,  Chicago,  111. 
Canadian  Factory:  Alemite  Products  Company  of  Canada,  Ltd.,  Belleville,  Ontario 


ressure  Lubricating  System 


Oil  or  Qrease 

The  ALEMITE  HIGH-PRESSURE 
LUBRICATINGSYSTEMcanbeused 
with  either  oil  or  grease.  But  we  recom- 
mend ALEMITE  LUBRICANT,  be- 
cause it  is  a  solidified  oil  which  we  have 
perfected  especially  for  our  System.  It 
has  all  the  benefits  of  oil.  but  at  the  same 
time  is  sufficiently  solid  to  "stay  put." 


A  Bassick 

Alemite 

Product 
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^aulang  'Bodies 
of  Character  <r~ 


The  Baker  R  &  L  Company  is  a  body  plant  free  from 
affiliations  specializing  in  the  making  of  closed  bodies 
exclusively  for  trfe  trade.  This  concentration  of  manu- 
facture has  resulted  in  a  standard  quality  of  workman- 
ship at  a  medium  price  that  was  found  heretofore  only 
in  higher  priced  bodies. 

Our  ample  financing  and  stability  insure  our  faithful 
performance  of  any  contract ;  and  our  quantity  produc- 
tion facilities,  at  least  a  thousand  bodies  per  month, 
enable  us  to  effect  manufacturing  economies  that  are 
reflected  in  our  notably  moderate  prices.  As  a  result, 
RAULANG  Closed  Bodies  are  found  on  many  medium 
priced  cars. 

A  RAULANG  Body  helps  sell  the  car,  because  the 
salesman  can  point  out  those  frequently  unseen  values 
of  reserve  strength  and  endurance  that  add  to  the 
comfort  and  to  the  silent  operation  of  the  car — not  to 
mention  the  greater  resale  value. 

RAULANG         BODY       DIVISION 

The  Baker  RS-LCo. 

CLEVELAND,    OHIO. U.S.A. 


Car 
Manufacturers 

Let  us  do  some 
"close  figuring"  on 
your  closed  body 
requirements. 
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ROLLER  BEARING  CO 

Detroit  •  Michigan 

The  little  slogan,  "Carries  the  load — 
takes  the  thrust",  in  a  very  simple 
way  explains  one  of  the  secrets  of 
the  great  staying  qualities  of  the 
Bower  Roller  Bearing. 
We  would  like  to  explain  further  the 
many  other  superior  points  of  this 
well  known  bearing,  which  continue 
to  interest  so  many  of  the  well  known 
automobile  manufacturers.    May  we? 


.  \tS  »h«  LOAq 


.;,■ 


V 


\ 


\ 


\ 
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THE  MEN  RES  PONS! 
THE  ATLAS  STEEL  CORPORATION 


IN  the  Personnel  of  the  Board  of 
Directors  of  the  Atlas  Steel  Corpo- 
ration, the  buyer  of  fine  steels  finds  ample 
assurance  of  the  integrity  and  responsi- 
bility for  which  he  rightfully  looks. 

Among    the    group    of    executives    who 
direct   the   policy   and  operation   of  the 


Atlas  Steel  Corporation  will  be  found 
men  who.  in  individual  capacities,  are 
prominently  identified  with  the  advance- 
ment and  development  of  the  American 
steel  industry.  Associated  with  these 
executives  as  stockholders  are  a  number 
of  well-known  engineers,  financiers  and 
men  of  affairs. 


Board  of  Directors 
L.  J.  Campbell,  Chairman  of  the  Board 

Formerly  President,    The  Electric  Alloy  Steel  Co. 


A.  E.  Adams 

President,    First  National  Bank,    Youngstown,   O. 

T.  J.  Bray 

President,  Republic  Iron  &  Steel   Co.,   Youngstown,   O. 

J.  A.  Campbell 

President,   Youngstown  Sheet  &  Tube  Co., 

Youngstown,    O. 

J.  F.  Carter 

Vice-President,  Manufacturers  and  Traders  National 
Bank,   Buffalo,  N.   Y. 

D.  \V.  Cooke 

Associate   Director,    Cunard   Steamship    Co.,   Ltd 
New  York,  N.   Y. 

E.  B.  Greene 

Vice-President,  Cleveland  Trust  Company,  Cleveland,  O. 

R.  J.  Gross 

President,    Merchants    National    Bank,    Dunkirk,    N.    Y. 

Maurice  Joseph 
Capitalist,    Cincinnati,    O. 

Severn  P.  Ker 

President,    Sharon   Steel  Hoop   Co.,   Sharon,   Pa. 


L.  A.  Manchester 
General    Counsel,    Youngstoivn   Sheet   &    Tube    Company 
Youngstown,    O. 

S.  Livinhston  Mather 

Secretary,    Cleveland-Cliffs   Iron    Co.,    Cleveland,    O. 

W.  D.  Myres 
Secretary    and    Assistant    Treasurer    of   the    Corporation 

H.  E.  Nichols 
Treasurer   and   Assistant   Secretary    of   the   Corporation 

R.   L.  O'Brian 
O'Brian  &  Potter,  Buffalo,  N.  Y. 

C  S.  Thomas 

Formerly    President,    DeForest   Sheet    &    Tin    Plate   Co., 
Youngstown,   O. 

W.  A.  Thomas 
Formerly  President,  Brier  Hill  Steel  Co.,  Youngstown,  O. 

H.  F.  Vander  Voort 

Wholesale   Jeweler,    Buffalo,    N.    Y. 

Jonathan  Warner 
President,  Trumbull  Steel  Co.,  Warren,  O. 


L.  J.  Campbell,  President 
J.  H.  Roberts,    Vice-President 


Officers 


VV.  D.  MYRES,     Secretary  and  Assistant   Treasurer 
H.  F.  NICHOLS,  Treasurer  and  Assistant  Secretary 


Highest  grades  of  fine  steels,  absolute 
uniformity,  excellence  of  workmanship, 
fair    prices,    and    delivery    promises    on 


which  the  buyer  can  rely,  constitute  the 
basis  on  which  Atlas  solicits  a  trial  of  its 
products. 


High  Speed  Steels 
Automotive  Steels 
Cold  Dratiii  Products 


Carbon  Tool  Steels  Alloy  Tool  Steels 

■Die  Steels  Special  Analysis  Steels 

Carbon  and  High  Speed  Drill  Rod 


THE  ATLAS  STEEL  CORPORATION 

General  Offices,  Dunkirk,  N.  Y. 

Plants:      Dunkirk,  N.  Y.      Charleroi,  Pa.     Welland,  Ont. 

District  Sales  Offices:       New  York      Boston      Philadelphia      Buffalo 

Pittsburgh     Atlanta     Indianapolis      Cleveland     Detroit     Chicago     St.  Louis 

Warehouses:      Dunkirk,  N.Y.     Charleroi.  Pa.     Boston     Detroit 

Chicago  Welland,  Ont. 
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The  Bishop-Babcock  AQVASTAT,  as  it  appears 
on  many  specifications  for  1924  cars.  At  the  right 
it  is  shown  about  '  i  actual  size.  This  device  is  made 
and  guaranteed  by  the  manufacturers  of  the  world's 
most  complete  line  of  heating  specialties. 


Right  now — for  1924  cars     r 
engineers  are  discussing      - 
the  Bishop-Babcock  Aquastat 


The  engineers  are  now  considering  various  possible 
improvements  for  the  newmodels  and  they  must  exer- 
cise a  high  order  of  technical  and  business  judgment. 

Not  only  must  they  deal  with  engineering  factors, 
but  in  addition  they  must  keep  in  mind  the  broader 
phases  of  their  work — public  opinion,  dealer  opinion, 
competition,  sales  and  service  problems,  etc. 

On  the  one  hand,  the  engineer  adds  no  new  equip- 
ment, however  meritorious  it  may  be,  until  the  ma- 
jority of  car  owners  and  buyers  are  definitely  con- 
scious of  the  unfilled  need. 

On  the  other  hand,  he  cannot  afford  to  lag  behind 
competition,  handicap  his  sales  organization  and 
weaken  the  position  of  his  dealers.  Thus,  his  general 
policy  must  be  to  keep  in  step  with  the  trend  of  the 
industry,  neither  to  lead  the  trend  nor  to  follow  it. 

Now  comes  temperature  control 

Thirty-four  manufacturers  are  today  using  as  stand- 
ard equipment  some  method  of  temperature  control. 

Contacts  with  engineers,  factory  officials,  distrib- 
utors, dealers  and  an  unlimited  number  of  owners 
point  to  this  conclusion:  that  temperature  control 
of  the  cooling  water  is  generally  recognized  as  a 
necessary  part  of  good  engine  design  by  a  majority 
of  the  men  interviewed. 

Engineers  in  more  than  50  important  organiza- 
tions are  now  testing  the  Bishop-Babcock  Aquastat. 
Several  standard  equipment  contracts  have  already 


been  placed.  Tests  are  progressing  rapidly  and  have 
been  exceedingly  favorable. 

Bishop-Babcock  Aquastat  will  be  standard  equip- 
ment on  the  1924  models  of  many  prominent  manu- 
facturers. 

What  the  AQUASTAT  will  do 

The  Bishop-Babcock  Aquastat  is  guaranteed  to  give 
the  following  results: 

(1)  Adjust  water  temperature  to  seasonal  conditions 
and  prevent  over-cooling. 

(2)  Maintain  constant  temperature  of  water  around 
combustion  chamber  and  cylinders. 

(3)  Warm  up  engine  quickly  and  reduce  use  of  choke. 

(4)  Save  fuel  and  reduce  carbon  deposits. 

(5)  Minimize  dilution  of  oil  in  crank  case. 

To  check  the  danger  of  freezing,  10%  seepage  is 
allowed. 

And  by  reason  of  its  design,  the  Aquastat  cannot 
handicap  the  flow  of  water  in  hot  weather. 

*  *  * 

A  special  type  ot  the  Bishop-Babcock  Aquastat  for  thermo-syphon 
cooling  systems  is  now  available.  It  is  submitted  for  tests  to  the 
engineers   and   to  the  trade  as  the  final  product  of  exhaustive 

experimental  work. 

*  *  * 

We  invite  tests  from  all  manufacturersof  automobiles  and  trucks, 
distributors  and  dealers,  on  both  types  ot  Aquastat. 

THE  BISHOP  «&.  BABCOCK  COMPANY 

Automotive  Specialties  Division 
CLEVELAND,  OHIO 


Bishop  -Babcock 


Retail 
Price 


no 


00 


AQUASTAT 


Two  hose  sizes 
lVV'and  ll/2" 
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BELFLEX 
FABRIC  SPRING  SHACKLES 


to — to/ 
Belflex  Fabric  Spring   Shackles   applied  lit   car   with   semi-elliptic   springs. 

The  Belflex  Fabric  Spring  Shackle  is  fast  becoming  one  of  the  most  important  com- 
pleted chassis  engineering  developments  in  recent  years.  It  is  possible  to  use  Belflex 
equipment  on  all  types  of  spring  suspension. 

This  fabric  spring  shackle  achieves,  without  increased  cost  to  the  manufacturer,  the 
following  important,  advantages: 

Elimination  of  from  12   to   16  lubricating  points  from  the  average  chassis. 

Substitution  of  noiseless  fabric  insula- 
tion for  metallic  contact  between  the  sprung 
and  unsprung  parts  of  the  car. 

Freer  action — improved  riding  qualities 
and  greater  life  to  springs. 

Belflex  Fabric  Spring  Shackles  keep  the 
car  quiet  ivithout  attention. 

These  and  other  important  advantages 
of  the  Belflex  Spring  Shackle  are  the  re- 
sult of  over  three  years  of  development 
work. 

Another  consideration  for  manufacturers 
and  automotive  engineers  is  the  elimina- 
tion of  spring  eyes  and  eye  forming  opera- 
tions, which  greatly  simplifies  the  springs, 
and  reduces  their  cost  considerably'. 


Let  us  show  you  how  Belflex  equipment 
supersedes  the  old  spring  shackles  with 
their  squeaking  and  rattling  bolts  and 
bushings. 

Belflex  Engineers  are  ready  to  aid  you  in 
the  design  of  equipment  to  conform  to  your 
chassis  requirements. 

Write  for  information  today. 


The  Tension  Shackle  can  be  supplied  in 
various  sizes  to  fit  any  weight  of  car.  It  is 
the  result  of  over  three  years  of  development 
work,  and  there  is  a  valid  reason  for  every 
detail.  It  is  used  at  the  rear  ends  of  the 
springs. 


The  Pivot  Shackle  used  at  the  front  ends 
of  the  springs.  In  addition  to  its  other  ad- 
vantages it  takes  the  twisting  action  produced 
by  uneven  deflections  away  from  the  main 
leaf  of  the  spring,  giving  the  spring  greater 
flexibility  and  increasing  its  life. 


(The  Belflex  Corp. 

AUTOMOTIVE     PRODUCTS 

366  Madison  Ave.,  "New  York  City"* 

Patents  on  Belflex  Fabric  Spring  Shackles  liave  been  granted,  and  others  are  pending,  in  the  U.  S.  and  other  countries 
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The  man  who  shops  around,  buying  drop  forgings  here  and  there,  has  all  the  hard  boiled 
evidence  any  man  can  desire  to  convince  himself  that  all  forgings  are  not  alike  and  that  a 
forging  is  something  more  than  just  a  piece  of  steel  formed  by  so  many  hammer  blows. 
And  that  evidence  is  in  his  own  office.  A  comparison  of  cost  sheets  showing  finishing 
time  will  tell  facts  that  no  salesman  dares   state. 

If  by  any  chance  he  has  bought  Champion  Forgings  there  will  be  unquestionable  evi- 
dence that  they  effect  true  economies  thru  accuracy  to  blue  print  specifications,  align- 
ment and  uniformity  of  metal.  Of  tool  adjustments,  there  will  be  fewer;  of  defects  caus- 
ing tool  breakage,  there  will  be  none.  Try  it  out  on  your  own  cost  sheets.  Then  send 
us  your  blue  prints  and  specifications. 

THE  CHAMPION  MACHINE  &  FORGING  CO. 

3695  East  78th  Street  Cleveland,  Ohio 

NEW   YORK  OFFICE— 30  Church  St.  PHILADELPHIA   OFFICE— Bourse   Bldg. 

DETROIT  OFFICE— 70S  Ford  Bldg. 


DROP  FORGING/ 
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That  Something  Else 

After  the  manufacture  itself — and 
before  as  well — there  is  the  service- 
factor  that  completes  your  trans- 
actions to  your  pleasure  or  to  your 
extreme  dissatisfaction. 

We  sincerely  believe  you  will  find 
that  the  service-factor  here  at  Inter- 
state is  very  much  to  your  liking. 

We  are  trying  consistently  to  make 
it  that  way — every  man  of  us. 

Open  Hearth  Alloy  Steel  Ingots,  Billets,  Bars 

Wire  Rods,  Wire  Nails,  Rivets  and  CutTacks 

Iron  Bars  and  Railroad  Tie  Plates 

INTERSTATE  IRON  &.  STEEL  CO. 

104  South  Michigan  Avenue 
CHICAGO 

interstate 
Steels 
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The  Unit  Which  Carries 
Life  to  the  Vital  Parts  of  Your  Car 


A  loosened  contact — a  piece  of  insulation  on  the 
starting  or  ignition  cable  oil  soaked  or  cracked, 
and  the  irritated  motorist  loses  sight  of  the  me- 
chanical perfection  of  your  car. 

It  is  not  for  him  to  understand  why  the  car 
won't  run.  His  thoughts  are — that  long  walk  to 
the  nearest  telephone — that  broken  business  en- 
gagement— and  that  annoying  expense  of  receiv- 
ing help  from  the  service  station. 

The  quality  of  Packard  Cable  is  in  keeping  with 
the  other  vital  units  you  have  so  skillfully  per- 
fected. As  a  unit  of  good  repute,  it  affords  engi- 
neering satisfaction  and  important  sales  argu- 
ments. 


Me 


WARREN,  OHIO 
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ft>HJ  TC  OtTCVJl  C 


S  OlflOTAUV  CAA  O 


X'C?G& 


THE  GRAND  PRIX  CAB 
DUESENBERG  AUTOMOBILE  IT  .MOTORS  CO.lNC 


INDIANAPOLIS  J  N  DIANA 

February  13,   1923, 


The  Uus^r-lyon  Co., 
Detroit,  Michigan. 

Attention  Mr.  D.  17.  Rodger. 
Geatlouaa: 

Lrj8,'7  """^  Plea88d  t0  ad"38  1™  «»«  durlns 
the  past  two  years  we  have  seen  using  quite  a 
"™t>er  of  rod,  that  have  been  lined Vyour  o„- 
PMJ.     "P  to  the  present  tl™.   to  our  Wled^ 

U»T:  °0t  h°d  "  S'nel6  fai1"™  <>f  »  S"  "* 
lined  hy  you.   „hieh  „  thin*  1,   reaartabl,     fnas- 

at  this  t,n,e  ,s  oertalnly  very  ouch  appreolaleY 
"ishlne  you  all  the  suocees.   beg  to  remain. 
Very   truly  youra. 


DUESEHBERG  AUTOMOBILE  4  U0T0R3  i 


d^S 


Duesenberg  is  a  name  for  years  intimately 
connected  with  the  most  searching  tests  of 
parts  and  materials — motor  car  racing. 

Duesenberg  has  used  "  Mogul  Alloy  Qenuine  " 
special  connecting  rod  metal  in  his  motors  for 
several  years,  and  it  has  never  failed  him,  under 
any  condition,  regardless  of  how  severe  it  may 
have  been. 

No  better  evidence  of  quality  could  be  asked  for 
than  Mr.  Duesenberg's  letter  reproduced  above. 

Mogul  metal  fulfills  every  requirement  of  the 
ideal  metal — pouring  easily  without  trouble 
from  shrinkage  or  blow  holes,  producing  a 
bearing  of  very  fine  grain,  of  exceptional  wear- 
ing qualities,  and  yielding  more  bearings  per 
pound  than  the  average  bearing  alloy. 

MUZZY-LYON  COMPANY,  DETROIT,  MICH. 

Hloouf 


Engine  Bearings  and  Bearing  Alloys 


Write  for  a  copy  oj 
"  Mogul  Alloys  for  Better 
Bearings "  or  better  still, 
order     a     trial     box    today. 
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Tburiitg  Service 


THE  purchaser  of  a  car  buys  transportation.  But  transporta- 
tion is  of  little  value  unless  backed  up  by  expert  service. 
When  touring  from  one  state  to  another,  the  car  owner  has 
a  right  to  expect  that  he  can  obtain  expert  service  at  a  point  not 
far  distant,  no  matter  where  he  may  be.  In  fact,  prospective 
purchasers  are  now  seriously  considering  the  service  obtainable, 
before  they  buy. 

What  a  burden  the  car  manufacturer  must  bear  who  is  obliged  to 
establish  nation-wide  service,  not  only  for  the  motor  and  chassis, 
but  for  necessary  equipment  as  well. 

What  a  relief  it  is  to  the  manufacturer  who  has  Stewart-equipped 
his  car  to  know  that  service  on  all  Stewart  equipment  has  been 
provided  for  in  a  more  than  satisfactory  manner. 

Long  ago  we  solved  this  service  problem  with  the 

establishment  of  a  chain  of  Service  Stations 

throughout  the  world,  manned  by  experts  who 

service  Stewart  equipment  exclusively;  fifty-four 

stations  in  the  United  States  alone,  accessibly 

located  in  the  nation's  largest  cities. 

And  the  remarkable  fact  is  that  although 

this  Stewart  Service  system  has  no  equal, 

the  Stewart  equipment  on  a  car  is  known  to 

require  less  service  than  any  other  standard 

equipment. 

Stewart- Warner  Speedometer  Corporation 

CHICAGO,  U.  S.  A. 


Vacuum  Tank 
and  Speedometer 


CUSTOMBILT  ACCESSORIES  «. 

USED  ON  8  MILLION  CARS 
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W  #HE  confidence  which  so  many 
JL  motor  car  manufacturers  place 
in  the  Brown-Lipe-Chapin  products 
is  due  to  their  record  of  unfailing 
superiority  since  the  beginning  of 
the  industry. 

Manufactured  at  Syracuse,  N.  Y. 


BROWN-LIPE-CHAPIN 

DIFFERENTIALS  —  BEVEL  DRIVE  GEARS 
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Dayton 

steel  "micfc  wfa®®as 


about  the  Dayton 
Dual-Pneumatic 

i — Small  size  tires,  economical 
and  easy  to  handle. 

2 — Only  one  size  of  tire,  inter- 
changeable all  around. 

3 — All  rim  clamps  easily  acces- 
sible, tires  can  be  changed 
quickly. 

4 — Spoke  wheel  with  two  felloes, 
no  pockets  in  which  stones  or 
dirt  can  lodge. 

5 — Decreased  chassis  height, 
making  it  easier  for  pas- 
sengers to  enter  and  leave. 

6 — Dayton's  unique  construction, 
hollow  spokes  and  rims  cast 
in  one  piece  of  electric  fur- 
nace steel ;  greatest  strength 
with  least  weight. 

It  will  pay  you  to  investigate. 
Write  us  for  -further  information. 

The  Dayton  Steel  Foundry  Co. 
Dayton,  Ohio 
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One  of  the  Etectnc  Fumao 


J  100,000-Mile 

HH*  |  TAPERED    O.  1 

A    Ilfl/vCfl   BEARING    *3£C£l 


/n  r/ie  Timfcen  Tube  Mill 


f  The         > 

Analysis  of 

Timken  Steel  is: 

Carbon         .15— 

Manganese  .45- 

Phosphorus 

Sulphur 

Silicon  .15- 

Chromium 

(CupsSc 

Cones)      .40—  .50 
Chromium 

(Rollers)  1.00— 1  20 


■  .2° 

■  .60 
.04 
.01 

-  .20 


The  durability  of  Timken  Tapered  Roller  Bearings  is  not  wholly  due 
to  the  fact  that  the  steel  is  clean,  thoroughly  deoxidized,  electric  steel, 
made  in  the  electric  steel  mill  owned  and  operated  by  The  Timken 
Roller  Bearing  Company. 

Nor  is  Timken  durability  due  wholly  to  the  fact  that  the  steel  is  high 
chromium  steel  which  gives  the  rollers  of  anti-friction  bearings  the 
greatest  possible  resistance  to  wear  and  fatigue  and  shock. 

Nor  is  Timken  durability  due  wholly  to  the  fact  that  in  the  Timken 
steel  mill,  oxidizing  and  reducing  operations  are  controlled  at  all 
times  during  the  making  of  the  heat — a  condition  on  which  depends 
the  successful,  subsequent  case-carburizing  and  pack-hardening  of 
the  parts  of  Timken  Bearings — which  gives  them  their  glass-hard 
outer  surfaces,  with  tough,  elastic,  inner  cores. 

Timken  durability  is  due  to  the  successful  co-ordination  of  all  these 
factors;  the  exacting  specifications  to  which  the  special  Timken 
electric  steel  is  made ;  and  to  the  high  chromium  content  of  the  steel ; 
and  to  the  case-carburizing  and  pack -hardening  of  the  finished  parts; 
and  to  the  accuracy  of  fabrication;  and  finally,  to  the  very  design 
of  the  bearing,  which  permits  easy,  quick,  adjustment  for  the  inevita- 
ble wear  that  must  eventually  follow  motion. 

The  Timken  Roller  Bearing  Company  is  the  only  bearing  company 
which  makes  its  own  steel  and  its  own  seamless  tubes,  and  rods,  in 
its  own  electric  steel  mill,  rolling  mill,  tube  and  rod  mill. 

The  Timken  Roller  Bearing  Co 

CANTON,  OHIO 

*?>  1923.  By  The  T  R  R  Co.  Canton.  Q 


"<_ 


MI  EL  IE 


*2?(2}g)(§ZP(B(S 

ROLLER  BEARINGS 
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3000 

POUNDS 


Easy  access  to  any  lubrication 
point  on  any  chassis!  NIPPLES 
for  the  DOT  system  are  made  in 
all  the  various  forms  and  angles 
necessary  for  direct,  one-hand  con- 
nection. Nipples  are  steel,  have 
ball  check  valve  and  will  not  leak. 
Slotless  snap-on  dust  cap  is  of  at- 
tractive design  and  covers  valve 
and   locking-thread  completely. 


A  TON  and  a  half  of  pressure !  That,  by  actual 
gauge  test,  is  the  pressure  a  man  of  ordi- 
nary strength  can  develop  in  the  DOT,  the  original 
one-hand,   direct-connection  high   pressure   grease   and   oil  gun. 

"Three  thousand  pounds"  is  not  only  an  argument  for  the 
power  and  ruggedness  of  the  DOT,  but  proof  of  the  soundness 
of  its  principle  of  construction. 

Only  through  the  direct,  firmly  supported  connection  of  the 
DOT  can  such  pressure  be  applied  without  leakage.  The  burly, 
case-hardened  steel  nozzle  of  the  DOT  locks  solidly  to  the  DOT 
machine-faced  steel  nipple.  No  weak  connecting  member — 
nothing  to  give  way! 

And  the  DOT  is  as  handy  as  it  is  sturdy.  ONE  HAND  is 
all  you  need  for  every  step  of  the  lubricating  operation;  one 
hand  to  connect  and  lock  gun  to  nipple,  one  hand  to  develop 
pressure  and  inject  lubricant,  one  hand  to  unlock  and  disconnect 
gun.  No  awkwardness;  no  messiness;  no  slippery  coupling;  no 
finger  bruising;  no  pliers!  Unfailing  automatic  valve  enables 
use  of  oil  as  well  as  grease,  and  permits  pressure  to  remain  in 
the  gun. 

FIFTY-EIGHT  car  and  truck  manufacturers  have  in  two  short  years 
adopted  the  DOT  as  standard  equipment.  ONE  HUNDRED  leading 
jobbers  and  TWO  THOUSA  ND  dealers  sell  it.    Send  for  descriptive  folder. 

CARR  FASTENER  COMPANY,  Boston  39,  Mass. 

Makers  of  the  "DOT"  line  of  fasteners 

d  l  f\v:  40   Selden   Ave.,   Detroit 

Branch  Offices- „  w     34,h   g,      New  York 

CARR  FASTENER  CO.  OF  CANADA,  Limited 
Hamiitwn,  Ontario 


high  pressure 
LUBRICATOR 
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"WHITNEY" 

LONG  SERVICE 

ROLLER  CHAINS 

For  Motor  Trucks,  Tractors  and  Machinery 

THE  MOST  DURABLE,  Therefore 

THE  MOST  ECONOMICAL 


Cotter  Detachable  Type 

Now  that  the  motor  truck  is  handling  so  much 
of  the  freight  that  was  formerly  cared  for  by  the 
railroads,  it  must  run  on  a  schedule  almost  as 
exacting  as  that  of  the  railroad  train  itself.  This 
emphasizes  the  necessity  of  selecting  a  chain 
which  can  be  relied  on  under  all  conditions  of 
speed,  road,  and  weather. 

AVOID   TROUBLE   BY 
SPECIFYING    "WHITNEY" 

THE  WHITNEY  MFG.  CO.,  Hartford,  Conn. 

CHAINS  KEYS  AND  CUTTERS  HAND  MILLING  MACHINES 

XEW     YORK  BOSTON  PHILADELPHIA  SA>'    PRAXCISCO 

L.    C.    Ili«;lo*v    A;    <'i>..    Inc.  (..-in  ii«-   C.   Steil  R.    .1.    Howlson  A.  H.  Coates  f'o. 

24.-!    W.    55th    St.  200  Devonshire   St.  <i;>4  Rn<-e   St.  770   Mission    St. 
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The  quality  of  the  bushings 

has  much  to  do  with  the 

performance  of  the  car  you  build. 


A  piston  pin  knock  or  a  spring 
bolt  rattle  will  ruin  the  reputation 
of  a  car  that  is  one  hundred  per 
cent  good  in  other  and  perhaps 
more  important  details.  The 
bronze  bushings  in  any  car  repre- 
sent an  infinitesimal  fraction  of 
its  cost,  but  a  big  percentage  of 
its  performance  value. 

Bunting  Bushings  in  Automotive 
mechanisms  are  accepted  by  trade 
and  public  as  an  evidence  of  the 
car  builder's  determination  to  em- 
ploy only  the  best  in  the  making 
of  his  product. 


Bunting  has  the  factory  equip- 
ment and  experience  to  produce 
any  bronze  bushing  bearing  your 
need  may  demand. 

Most  of  your  requirements  can  be 
supplied  from  Bunting's  list  of 
"Ready  Made"  bronze  bushings. 
This  list  includes  268  different 
sizes  of  completely  finished 
bronze  bushings  ready  for  assem- 
bly. "They're  always  in  Stock" 
ready  to  ship.  Long  run  prices 
even  on  small  lots.  Write  for 
Stock  list  L. 


A  Worn 

Sprint*  Bolt 

Bushing 


For  your  special  order  lines  Bunt 
ing  has  pattern  and  tool  equipment 
for  over  10,000  difjerenl  designs 
and  practically  unlimited  foundry 
and  machine  shop  capacity. 


THE  BUNTING  BRASS  &  BRONZE  COMPANY 


TOLEDO,  OHIO 


Xe;v  York 

245  West  54(/i  St. 

Circle  0S44 

Cleveland 

HO   St.    Clair   St..   N.   E. 

Main  5991 


Boston 

36   Oliver  St. 

Main   848S 


Chicago 

722  5.    Michigan  Ave. 

Wabash  9153 

San  Francisco 

198  Second  Street 

Douglas    6245 


BUNTING 


BUSHING     ,-J- 
BEARINGS  M 
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No.  2— The  Raw  Stock  Room 

Here  is  the  impregnable  foundation  of  the  per- 
fect performance  of  STROM  ball  bearings. 
STROM  bearing  steel  —  made  to  our  own 
specifications,  by  America's  most  expert  steel 
workers,  yet  subjected  to  searching  chemical 
and  physical  tests  before  use— has  that  un- 
varying and  exact  texture  which  alone  could 
withstand  the  untiring  watchfulness  and  ma- 
chine precision  of  STROM  ball  bearing  pro- 
duction. Such  raw  material — plus  construc- 
tive testing  and  analyzing  continued  from 
bar-stock  to  shipping-box — is  an  important 
factor  in  determining  STROM   supremacy. 

STROM  guaranteed  ball  bearings,  on  new  or 
replacement  work,  reduce  friction  to  the  van- 
ishing point — 


"Wherever  a  Shaft  Turns" 


An  Organization 
Built  for  Precision 


Scientific  in  Principle 
and  Practice 
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Anew  and  better  principle 
in  Vacuum  ^uel  ^eed^ 


Oil- Vac,  the  Kingston  Vacuum  Fuel  Feeding  System,  does 
away  entirely  with  the  intake  manifold  as  a  suction  source, 
utilizing  instead  the  suction  produced  by  the  proper  proportion- 
ing of  the  oil  circulating  pump. 

With  Oil- Vac  there  is  certainty  of  increased  suction  with 
increased  engine  speed.  When  the  greatest  amount  of  fuel  is 
needed,  as  in  the  case  of  long  grades  or  at  high  speeds,  the  greatest 
amount  is  actually  being  delivered  to  the  motor.. 

With  Oil- Vac  disturbance  of  carburetion  is  at  a  minimum, 
and  crank  case  dilution  is  lessened  to  a  marked  degree.  Oil  runs 
cooler  and  lubrication  is  more  efficient 

Automotive  engineers  generally  are  taking  a  deep  interest  in 
this  new  principle  in  vacuum  fuel  feed.  A  number  of  leading 
manufacturers  have  already  adopted  Oil-  Vac  as  standard  equip- 
ment, and  many  others  are  investigating  its  merits.  A  line  to 
the  manufacturers  will  bring  complete  information. 


No  Oil 
No  Vac 
No  Gas 

With  Oil-  Vac  the  vacuum  ceases 
when  the  oil  supply  becomes  ex- 
hausted. No  motor  should  run 
without  oil,  and  no  motor  can  run 
without  oil  for  long  without  serious 
damage.  This  is  one  added  feature 
of  importance  with  Oil-Vac,  a 
factor  of  safety  that  is  worthy  of 
consideration. 

Send  for  the  Oil-  Vac  Booklet 


E^x 


BYRNE. KPjGSTCN  &CO  KOKONO. INDIANA.U.&A 
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THE  plates  in  the  Westinghouse 
Battery  are  a  compromise  be- 
tween the  so-called  thin  and  thick 
plates.  The  weakness  of  the  thin 
plate  (buckling)  has  been  practi- 
cally overcome.  So  has  the  objec- 
tion to  the  thick  plate,  viz.,  failure 
of  the  acid  to  penetrate  to  inside 
active  material  on  high  discharges. 

WESTINGHOUSE  UNION  BATTERY  CO. 
Swissvale,  Pa. 


WESTINGHOUSE 

BAXXE  RIE  S 

# 

101 
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BUS  f   TRUCK  MOTORS 


Even  though  there  exists  so  many  exclusive  and 
distinguishing  features  in  the  design,  construc- 
tion and  workmanship  of  the  Waukesha  Bus  and 
Truck  Motor,  business  men  generally,  like  those 
in  the  industry,  prefer  to  acclaim  its  great 
economy,  and  why  not? 

It  has  made  possible  better  transportation  and 
hauling  at  a  radically  reduced  cost.  Its  existence 
represents  more  trips  made,  more  tons  moved, 
more  years  of  compensating  working  life  at  de- 
cidedly less  expense. 

Its  remarkable  performance  records  are  not  only 
worthy  of  but  command  the  fullest  consideration 
of  everyone  with  whom  transportation  is  a  daily 
problem. 

We  shall  be  pleased  to  forward  complete  and 
detailed  information  to  all  those  making  a  request. 


The  WAUKESHA  MOTOR    COMPANY,  Waukesha,  Wisconsin 


m 
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Cost  of  Reputation 

The  amount  of  money  spent  by  this 
company  in  advertising,  has  invariably 
been  overestimated  by  those  unacquainted 
with  the  figures. 

There  are  good  reasons  for  this  in  the 
fact  that  Timken  publicity  has  been  con- 
sistent and  long-continued;  and  still  more 
in  the  fact  that  Timken  Axles  have  verified 
the  conservative  statements  of  Timken. 

It  is  not  by  brilliant  advances  and  sharp 
retreats  but  by  the  steady  progress  of 
twenty  years — a  new  idea  here,  a  little 
added  quality  there,  a  constant  forward 
development  of  axle  design  —  that  the 
name  Timken  has  identified  itself  with 
dependability. 

Thus  factory  vigilance  and  advertising 
truthfulness  have  together  worked  a  re- 
duction in  selling  cost  both  for  us  and  for 
Timken- equipped  cars. 

The  use  of  Timken  Axles  by  car 
builders  who  had  for  years  built  their 
own  axles  proves  not  only  Timken  rep- 
utation but  also  the  reasonable  cost  of 
that  reputation. 

THE  TIMKEN-DETROIT  AXLE  COMPANY,  DETROIT,  MICH. 

Sole  Representatives  in  the  British  Isles: 
AUTOMOTIVE    PRODUCTS    COMPANY,  3,  Berners    Street,  London,  W.  1. 


Magazine  advertising 
is  economical  and  pro- 
ductive in  proportion  as 
it  is  supported  by  the 
word -of- mouth  adver- 
tising of  the  buyers. 
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Cups,  Cones,  Rollers 

ALLOY  Steel 
THROUGHOUT 


The  Rollers  in  GILLIAM  Tapered 
Roller  Bearings  form  true  rolling 
cone  lines  when  in  operation, 
and  they  do  not  depend  upon 
the  cage  to  keep  them  in  axial 
alignment.  This  is  accomplished 
by  the  patented  feature  on 
the  thrust  rib  of  the  cone. 


Axle  manufacturers  using  Gilliam 
Tapered  Roller  Bearings  include: 
Adams,  Clark,  Columbia,  Flint,  Salis- 
bury, Sheldon,  Standard  Equipment, 
Torbensen,    U.S.,  Vulcan,    Wisconsin. 


IIIIIH 


TAPERED 


ROLLER 


Bearings 


The  Gilliam  Mfg.  Co. 


Canton,  Ohio 
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OPERATION  No.  1 


OPERATION  No.  2 


41%  Increased  production 
10%  Decreased  tool  cost 
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Turning  Malleable  Iron  Wire  Wheel 
Hub  Mountings 


First  cost  of  Stellite  Tools  for  this  Job 
Scrap  Value  on  Returned  Stellite  Ends     . 

Net  Cost  of  Stellite  Tools  for  Set-Up 
First  Cost  of  Tools  of  Other  Cutting  Metals 

Difference  in  First  Cost 


$35.46 
5.95 


$29.51 

10.05 

$19.46 


But— 

One  Set  of  Stellite  Tools  Turned 

One  Set  of  the  Other  Tools  Turned     .... 
Number  of  Sets  of  Other  Tools  Saved  by 
Investing  in  One  Set  of  Stellite  Tools    . 


5,750  Pieces 
1,754  Pieces 

2}4  Sets 


And— 

1  Set  of  Stellite  Tools  Turned 
3^4  Sets  of  the  Other  Tools  Turned 
Number  of  Hours  Saved  by 
Investing  in  One  Set  of  Stellite  Tools 


5,750  Pieces  in  1,030  Hrs. 
5,750  Pieces  in  1,453  Hrs. 


423  Hrs. 


Tell  us  of  Your  Job  and  we  will  tell  you  of  the  in- 
creased production  You  Can  Get  and  How  to  Get  It 


TELLITE 


CUTTING    T(D)OILS 

HAYNES  STELLITE  COMPANY 

Carbide  and  Carbon  Building — 30  East  42d  Street,  New  York 


Peoples  Gas  Building,  Chicago 


General  Motors  Building,  Detroit 


4503  Euclid  Avenue,  Cleveland 
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Anderson  Six 
Auburn  Six 
Barley  Six 
Cadillac  Eight 
Case  Six 
Chalmers  Six 
Chandler  Six 
Cleveland  Six 
Columbia  Six 
Crawford  Six 
Davis  Six 
Essex  Four 
Flint  Six 
Fox  Six 

Hupmobile  Four 
Hudson  Six 
Jordan  Six 
Lafayette  Eight 
Lincoln  Eight 
Moon  Six 
National  Six 
Northway  Four 
Oakland  Six 
Packard  Single  Six 
Packard  Twin  Six 
Rickenbacker  Six 
Stearns  Four 
Stearns  Six 
Saxon  Four 
Sterling-Knight  Six 
Studebaker  Light  Six 
Star  Four 
Templar  Four 
Winton  Six 
Continental  Motors 


Where  Engineers  Agree 

Automotive  Engineers  work  under  widely  differing  conditions.  Not 
all  of  them  seek  exactly  the  same  goal.  Variety  of  training  and 
experience   naturally  leads  to  differences   in    their    recommendations. 

But  on  some  points  there  is  notable  agreement  between  them.  Their 
preference  for  Morse  Silent  Chain,  for  instance,  has  established  our 
equipment  as  the  dominant  form  of  cam  and  accessory  drive. 

A  glance  at  the  list  of  Morse  equipped  cars  shows  how  pronounced  is 
this  preference. 

MORSE  CHAIN  COMPANY 


Main  Office  and  Works 
ITHACA,  NEW  YORK 


Sales  and  Engineering  Office 
DETROIT,  MICHIGAN 


THE   CONSTANT    PRESSURE    ANGLE     CHAIN 


MOR 


E 


G  E  NTJINE 


S  ILE  NT 


C  M  AI  N 
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moving  parts  seen 
^Strengthen  tha 
intpression  with  Tuare, 
Disteel  or  Forsyth,  the 
prevailing  steel  wheels. 

Motor  Wheel  Corporation  JQinsing,  ^Michigan 

Wood    Wheels       •      Steel    Wheels      •      Stampings 


Tuarc-Disteel- Forsyth 


MotoM|Wheel 
proWdcts 
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cMpttiers  arms  are 
nature's  hydraulic 
shock  absorbers  ! 


Bide  in  Cushioned  Comfort 


No  matter  how  rough  and  uneven  the  road,  how  long  and  tiresome 
the  trip,  the  baby,  cradled  in  his  mother's  arms,  knows  neither  shock 
nor  fatigue.  This  is  because  the  mother  automatically  absorbs  the 
shocks  and  cushions  the  child  against  them  with  the  springy  resiliency 
of  her  arms. 

Ihis  same  ease  and  freedom  from  uncomfortable  motor  travel  will 
be  yours  if  you  equip  your  car  with  Hoo-Dyes-,  for  they  act  on  the 
same  principle  as  mother's  arms.  This  hydraulic  spring  control 
compels  your  car  to  ride  on  liquid  cushions,  and  by  eliminating  the 
bumps  and  shocks  due  to  uneven  roads  makes  every  mile  a  mile  of 
cushioned  ease. 

There  is  no  car  so  finely  made  or  beautifully  balanced  that  it  does 
not  need  the  cushioned  comfort  of  Hoo-Dye  hydraulic  control. 
Hoo-Dyes  have  brought  a  new  delight  to  motoring  by  wiping  out 
all  road  fatigue. 

THE  HOUDAILLE  COMPANY,  1410  West  Ave.,  Buffalo,  N.  Y. 
Houde  Eng.  Corp.,  M'fYs 


Standard  Equipment  in 
Europe  America 


Alda  Aries 

The  Austin  Motor 

Co.,    Ltd. 
de  Bazelaire 
Chenard  &  Walker 
Delage 

Delaunay-Belleville 
Delahaye         D.  F.  P. 
Farman  G.  Irat 

La  Colombe 
Minerva  Philos 

Rochet  Schneider 
Scap  Slim 

Secqueville    &    Hoy  an 
Unic 
Wolseley  Motors 

Ltd. 


Lincolns 

Cunninghams 

Mercers 

while  many  thousands 

have    been    applied    to 

Cadillacs 

Locomobiles 

Pierce*  Arrows 

Lafayettes 

Packards 

Studebakers 

Hudson  s 

Buicks 

and   many   other 

makes. 


For  your  own  health's  sake,  send  for 
a  copy  of  "How  Motor  Shocks  Affect 
the  Nervous  System,"  bv  R.  Kendrick 
Smith,    M.D. 


Shock  Absorbers 

Hydraulic 
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Positive  Proof  of  Consistent  Dependability 


Lj^j^APJlJN^K 


%   I 


rsn 


NOV.  30. 1911 


■  ■ 


DEC.  1,1912 


s;n';iK:v'5t::^:^ 


■">■?■ ,  %y 


--■ 


JUNE. 15,1915 


SEPT.  1,1916 


I 


5EPT.  I,  1920 


- 


■s- 


April  1,  1923.  Ground  broken  for  $250,000  foundry 
building.  Electric  furnaces  and  special  equipment  will 
be  installed,  designed  for  a  production  of  over  20,000 
piston  ring  castings  per  hour.  When  completed  this 
will  be,  without  question,  the  most  modern  and  efficient 
piston  ring  foundry  in  the  world. 


8&LJ 


Ring  Company 


Afus^egon,  Jlfic/igan 
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GARDNER 


HYATT 

Quiet 

Roller  Bearings 


The  many  engineering  refinements  that  are  embodied 
in  the  new  Gardner  are  the  outcome  of  the  earnest 
desire  of  its  manufacturers  to  provide  a  still  greater 
dependability  and  economy. 

Realizing  the  many  advantages  that  follow  the  use  of 
Hyatt  roller  bearings,  Gardner  engineers  specified 
these  bearings  in  the  rear  axle  construction. 

By  carrying  the  gear  load  at  the  differential  and  the 
car's  weight  at  the  hubs  Hyatt  roller  bearings  help 
to  assure  for  Gardner  owners  a  rugged,  quiet, 
trouble-proof  rear  axle. 


HYATT  ROLLER  BEARING  COMPANY 
Newark     Detroit     Chicago      San  Francisco 

Worcester     Milwaukee      Huntington,  W.  Va.      Minneapolis     Philadelphia 
Cleveland    Pittsburgh    Buffalo    Indianapolis 
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AGATHON  ALLOY  STttLS 


THE  average  motor  car  owner  little  understands  or  appre- 
ciates the  tremendous  stresses  and  strains  to  which  the 
vital  parts  of  his  car  are  subjected  while  speeding  over  coun- 
try roads — up  hill  and  down  vale.  He  has  little  conception 
of  the  grating,  grinding,  wearing  effect  of  steel  upon  steel 
that  takes  place  in  axle  housing,  transmission  case  and  under 
the  hood  of  his  car. 

But  the  car  builder  knows.  And  in  seventy  to  eighty  of  the 
highly  stressed  parts  of  his  car  he  uses  nothing  but  super- 
steels — alloy  steels  of  such  analysis  as  will  best  resist  wear, 
shock  and  strains. 

In  most  of  America's  best  known  cars  these  vital  parts  are 
made  of  one  of  the  many  analyses  of  Agathon  Alloy  Steels. 
Each  is  produced  to  meet  precise  requirements.  Charts  show- 
ing analysis  and  physical  properties  of  nineteen  popular 
alloy  steels  are  given  in  our  booklet,  "Agathon  Alloy  Steels," 
which  will  be  sent  on  request. 


We  have  daily  pro- 
duction in  all  kinds 
of  commercial  alloy 
steels  such  as— 

Nickel,  Chrome- 
Nickel,  Uma,  Molyb- 
denum, Chrome- 
Molybd  enum, 
Nickel- Molybde- 
num, Vanadium, 
Chrome  -  Vanadium, 
Chromium,  etc. 

Deliveries  in  Blooms, 
Billets,  Slabs,  Bars, 
SpringFlats,  Hot 
Rolled  Strips,  etc. 


The  Central  Steel  Company,  Massillon,  Ohio 


SWETLAND  BLDG. 
CLEVELAND 


BOOK  BLDG. 
DETROIT 


PEOPLES  GAS  BLDG. 
CHICAGO 


UNIVERSITY  BLOCK 
SYRACUSE 


WIDENER  BLDG. 
PHILADELPHIA 
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A  Stage- Coach  of  Today 

— with  a  record  of  over  300,000  miles 
of  continuous  service 


Modern  successors  of  the  old  stage- 
coaches of  '49,  sturdy,  Delco-equippcd 
Cadillacs  today  are  carrying  passengers 
over  plains,  deserts  and  mountain  roads. 

Day  after  day,  year  after  year,  one  of 
these  cars  belonging  to  a  fleet  of  Cadil- 
lacs owned  by  the  Red  Star  Stage 
Company  of  San  Francisco  has  made  its 
trips  to  Half  Moon  Bay  and  Pescadero. 

It  has  rendered  more  than  300,000  miles 
of  this  type  of  service — a  distance  equal 
to  twelve  times   around  the  world. 


This  performance  is  but  one  cf  many 
extraordinary  demonstrations  of  the 
dependability  and  endurance  cf  Delco 
—  the  World's  Foremost  Starting, 
Lighting  and  Ignition  System. 

Ever  since  191 1  when  Cadillac  intro- 
duced to  the  motor  car  industry  the 
first  complete  electrical  system — Delco, 
this  pioneer  electrical  equipment  has 
been  used  on  millions  of  high-grade 
motor  cars  where  quality  and  perform' 
ance  are  the  manufacturer's  only  ideals. 


Dayton  Engineering  Laboratories  Company 
Dayton,  Ohio 

Delco 
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Multiple    Disc    Clutches. 

DETLAFF" 


H 


OW  many  engineers  know  that  the 
Detlaff  Model  "H"  multiple  disc 
clutch  is  the  commercial  refinement  of  the 
famous  U.  S.  Standardized  Class  "B" 
clutch  —  designed  by  a  coterie  of 
America's  foremost  engineers? 


CUSTOMERS  tell  us  our  Model  "H" 
is  the  most  dependable  clutch  on  the 
market.  The  "VELVET  CLUTCH 
WITH  THE  BULL-DOG  GRIP"  is 
specified  on  trucks,  for  instance,  destined 
for  out-of-the-way  foreign  points,  where 
difficulties  of  Service,  or  lack  of  any 
Service,  compel  the  use  of  only  those 
units  with  proven  long  life  records. 


THE  friction  elements  are  inter- 
changeable for  U.  S.  Standardized 
Class  "B"  and  Detlaff  Model  "H."  Dis- 
tributing depots  for  parts  are  located  in 
London,  Eng. ;  New  York,  Baltimore, 
Chicago  and  San  Francisco. 


A.  J.  DETLAFF  CO. 

Detroit,    Mich. 


S.  A.  E.  Employment 
Service 


The  following  announcements  are  published  for  the 
benefit  of  members  of  the  Society  and  the  convenience 
of  companies  in  need  of  men.  No  charge  whatever  ia 
made  for  this  service.  In  the  case  of  items  prefixed 
by  an  asterisk  further  information  is  withheld  at  the 
request  of  the  company  or  individual  making  the  inser- 
tion, but  written  communications  bearing  the  number 
of  such  items  will  be  forwarded  by  the  office  of  the 
Society.  Applications  for  positions  from  non-members 
must  be  endorsed  by  a  member  of  the  Society. 

No  announcement  will  be  repeated  in  these  columns 
unless  specific  information  is  at  hand  that  the  respec- 
tive member  is   available   or   the  position    unfilled. 

To  put  available  men  and  employers  in  touch  with 
each  other  quickly,  this  column  is  supplemented  twice 
weekly  by  a  bulletin  giving  the  latest  information  with 
regard  to  Men  and  Positions  Available.  The  bulletin 
will  be  mailed  to  members  and  employers  on  request. 

It  is  suggested  that  for  quick  action  in  securing  men 
or  positions  there  be  specified  for  publication  the  name 
and  address,  a  post-office  box  number  or  a  general  mail 
delivery  address.  If  applications  are  confidential,  the 
Society  will  forward  replies  through  an  index  number. 

For  the  good  of  the  service  members  securing  or 
filling  positions  or  con.panies  securing  men  through 
these  columns  are  urged  to  send  advices  to  this  effect 
to  the  office  of  the  Society  promptly. 

Considerable  time  can  be  saved  in  securing  a  position 
if  the  following  items  of  information  are  given  in 
registering  with  S.  A.  E.  Employment  Service. 

1.  Dace 

2.  Name  in  full 

3.  Present  mail  address 

4.  Telephone   number 

5.  Present   telegraph   address 

6.  Permanent  mail  address 

7.  Telephone  number 
S.  Married  or  single 
9.  Nationality 

10.  Age 

11.  Height 

12.  Weight 

13.  State  of  health 

14.  Education  (Give  schools  and  colleges  attended, 
courses  taken  and  duration  of  each  course) 

15.  Previous  employers  (Give  names,  addresses,  term 
of  employment  with  each,  your  title  and  the  nature 
of  the   work   done) 

16.  Are  you  employed  at  present? 

17.  References  (Give  names  and  address  of  three  or 
four  persons  not  related  to  you  and  with  whom  you 
have  been  directly  associated) 

IS.  What  societies,  clubs  or  associations  are  you  a 
member  of? 

19.  Salary  wanted  per  week,  month,  year 

20.  What  general  classifications  do  you  wish  to  be 
listed  under?  (List  in  order  of  preference.  For 
example:  General  Manager,  Works  Manager,  Re- 
search Engineer,   Production  Engineer,   etc.) 

21.  Do  you  wish  your  name  and  address  published  in 
your  announcement? 

22.  Do  you  wish  to  use  a  post-office  t)ox  number? 
(If  so,  arrange  with  your  postmaster  for  the  use 
of  a  box  and  send  the  number  of  the  box  to  us, 
giving  town   and.  state) 

23.  Is  your  name  to  be  withheld  from  publication ? 
(In  this  case  yourannouncement  will  be  run  under 
an  index  number  and  replies  will  be  forwarded 
through  the  office  of  the  Society) 

24.  Prepare  copy  for  insertion  in  The  Journal  and 
Bulletin.  (Make  it  as  complete  and  as  concise  aa 
possible) 

25.  Any    preference     as    to    location? 

26.  When  will  you  be  available? 

MEN  AVAILABLE 

0942  Chief  Inspector,  Chief  Draftsman  or  Assistant  Engineer; 
15  years'  experience  with  prominent  automotive  companies. 
Technical  graduate.  Experimental  work.  Residence,  De- 
troit ;   location,  Middle  West  preferred. 

0987  Consulting  and  Designing  Engineer  Graduate  of  Cornell 
University  in  electrical  and  mechanical  engineering  with  29 
years'  experience  in  stationary,  automobile  and  Diesel  en- 
gines, design  and  production,  jigs,  etc.,  wishes  work  in  invent- 
ing, developing  or  design,  either  at  his  home  or  in  reach  of 
Larchmont,   N.  T. 

0988  Engineer  Technical  and  practical  man  who  has  made  a 
specialty  of  engine  governors  desires  to  make  a  connection 
as  assistant  chief  engineer  or  suitable  executive  post.  Resi- 
dence- New  York  City  :  location,  immaterial. 

(Continued  on  p.  70) 
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A  New  Ease  to  Car 
Operation 


Clutch  performance  plays  a  most  important  part 
in  car  operation.  Easy,  silent  and  effortless  gear  shift- 
ing depends  largely  upon  clutch  action — it  is  the  clutch 
which  governs  the  smoothness,  quietness  and  agility 
with  which  the  motive  power  is  transmitted  to  the 
driving  shaft. 

The  Long  Clutch  brings  a  new  ease  to  car  oper- 
ation because  it  provides  these  essentials  in  a  degree 
never  before  attained.  When  operating  a  car  equipped 
with  the  Long  Clutch,  the  driver  need  never  know  the 
embarrassment  and  confusion  of  clashing,  grinding 
gears.  Engagement  takes  place  with  a  gliding  motion 
in  which  all  tendency  to  jerk  or  grab  is  eliminated. 
Moreover,  this  goodness  is  permanent,  for  the  Long 
Clutch  never  needs  adjustment. 

Long    Manufacturing    Co.,    Detroit,    Mich. 


LONG   PRO  DUCT S— RADIATOR S   AND   CLUTCHES 
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The 

Pictures 

Tell 

The  Story 


HfcM! 
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The 

Highland 

Model  D 

Cab 

Meets  Every 
Trucking 
Condition 


ip 


THE 

HIGHLAND 

BODY  MFG.  CO. 

410  Elmwood  Place 

Cincinnati, 

Ohio 


S.  A.  E.  Employment  Service 

Continued 
MEN  AVAILABLE 

1036  Automotive  Engineer  ;  practical  and  technical  education ;  20 
years'  experience  in  designing,  production,  research,  testing, 
consulting-  and  teaching;  part  time  if  desired;  high-grade 
man  capable  of  getting  results.  Residence,  New  York  City ; 
location.  New  York  City  or  vicinity  preferred. 

1039  Assistant  to  Executive;  university  graduate  with  6  years' 
experience  with  motor  car  builders  ;  competent  to  take  charge 
of  service  work,  purchases  and  stores  stock,  and  to  assist 
in  engineering.  Residence,  New  York  City ;  location.  New 
York  City  or  vicinity  preferred. 

10S3  Engineer  who  has  had  10  years'  experience  on  Diesel  engines 
and  has  designed  and  built  complete  line  with  30.000  hp.  now 
in  operation  wishes  to  establish  a  connection  with  an  engine 
builder.      Residence,   Cleveland ;   location,  immaterial, 

1096  Production  Manager  and  Mechanical  Engineer  would  con- 
sider a  position  requiring  Initiative  and  ability  to  handle  pro- 
duction engineering  problems  successfully.  12  years'  execu- 
tive experience  in  automotive  and  allied  Industries ;  support- 
ing testimony  available.  Residence,  Brooklyn  ;  location,  New 
York  City  or  vicinity. 

1102  Engineer;  truck  and  truck  fleet  operation;  would  prefer  a 
position  in  commercial  research  or  sales  development.  Tech- 
nical training.  Factory  sales  work  or  pioneering  of  a  new 
product.  Residence,  Pittsburgh  ;  location,  New  York  City  or 
vicinity  preferred. 

1174  Manager  of  Sales,  District  Manager  or  Sales  Engineer. 
Technical  graduate  with  12  years'  shop,  sales  office  and  sales 
engineering  experience  on  the  road.  Experienced  in  spe- 
cialty products  applicable  to  automotive  industry.  Residence, 
Philadelphia ;   location,   Philadelphia  only. 

1180  Chief  Inspector;  technical  education;  11  years'  executive 
experience  with  prominent  gas  and  automobile  engine  build- 
ers. Capable  of  supervising,  organizing,  systematizing  and 
tooling  inspection  efficiently  and  diplomatically  from  the 
foundry  to  the  test  stand.  Residence,  Indiana ;  location.  Im- 
material. 

1185  Research  or  Chief  Engineer,  General  or  Production  Man- 
ager ;  wide  experience  with  prominent  companies.  Also  air- 
plane experience.  Residence,  Long  Island ;  location.  New 
York  City  or  vicinity. 

1206  Production  Manager;  10  years'  association  with  prominent 
manufacturers  of  metal  and  wood  products.  Extensive  su- 
pervisory experience  in  machinery  construction,  also  quantity 
production  involving  repetition  operations  of  metal  products. 
Practical  man  and  capable  organizer  and  administrator  with 
college  and  practical  training.  Residence,  New  York  City ; 
location,  immaterial. 

1208  Designing  Engineer:  5  years'  experience  on  passenger 
cars,  trucks,  engines  and  railroad  air  brakes  as  chief  drafts- 
man, also  some  experimental  experience.  Residence,  New 
York  City ;  location,  New  York  City  or  vicinity. 

1217  Chief  or  Executive  Engineer.  Technical  graduate  with 
12  years'  experience  in  automobile  engineering;  especially 
versed  in  eight-cylinder  design  with  successful  experience 
in  chassis  and  body  design.  Has  made  a  thorough  study 
of  cost  reduction  in  manufacturing  from  engineering  stand- 
point and  is  experienced  in  complete  car  development  from 
the  experimental  stage  to  production.  Residence,  Indian- 
apolis ;  location,  immaterial. 

1219  Chief  Engineer  of  large  corporation  building  Diesel  and 
automotive  engines  and  steam  turbines  for  8  years,  desires 
a  position  with  a  company  having  a  research  department 
that  would  like  to  develop  high-speed  Diesel  engines  for 
automobiles  and  tractors.     Residence,  Iowa. 

1220  Engineer  who  was  formerly  with  a  large  tractor  builder 
in  Ohio  in  an  experimental  and  drafting  capacity  desires 
a  similar  position  with  an  automobile  or  engine  company. 
Wide  experience  with  high-speed  type  engines.  Residence, 
Ohio ;     California  or  other  Western   States  preferred. 
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Cam  &  Lever 
Steering  Gear 

Patent     Pending 


X 


V 


Lower  end  of  gear, 
with  side  of  housing 
removed,  showing 
leverin  mid-position 
on  the  cam. 


'  Inside  view  of 
side  of  housing, 
showing  end  of 
trunnion  shaft 
lever  arm  and 
diamond  stud, 
with  arc  of  leve 
action. 


v 


tm 


Cam  and  lever 
in  extreme  posi- 
tion, showing  the 
swing  of  the  steer- 
ing arm.     Variable 
pitch   of  cam    also 
plainly  shown. 


This  new  steering  gear  is  so  radically  different  in  principle  and 
design  that  many  engineers  were  frankly  skeptical  about  our  claims 
for  it.  However,  demonstrations  have  convinced  them  and  they 
are  now  enthusiastic  over  this  wonderful  combination  of  small  size 
and  simple  construction  with  power,  reliability  and  easy  steering. 

The  gear  is  so  irreversible  in  mid-position  that  practically  all  road 
shock  is  eliminated.  The  long  lever  arm  inside  the  gear  provides 
the  easiest  kind  of  steering  under  all  conditions  and  the  car  holds 
the  road  with  the  least  effort  on  the  part  of  the  driver. 

The  variable  pitch  of  the  cam  offers  a  unique  accelerated  action 
which  facilitates  quick  handling  in  making  turns  and  in  swinging 
back  into  flat-to-the-curb  parking  position. 

Adapted  for  passenger  cars,   motor  trucks,   motor  buses,  fire 
trucks  and  tractors.      Write  for  special  information  desired, 

Ross   Gear.  6*  Tool,  Com  pa.nv'O 

750  Heerth  SU        L&fayeiie,  Indiana,  U.S.A.   -f 

Ross  Steering  Gears 

THE  STEERING  GEARS  THAT  PREDOMINATE  ON  MOTOR  TRUCKS 


Housing  entirely  re* 
moved,  showing  vari- 
able pitch  of  the  thread 
of  the  cam  and  relation 
of  cam  and  lever  in  mid- 
position. 
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Deppe 

Motors    Corporation 

Superheated  Gas 

System 

(Patented) 

This  system  in  cars  of  the  3000  lb. 
class  with  engine  displacement  of  250 
cubic  inches  gives  results  as  follows: 

With  100  lb.  Compression 

Fixed  Superheated  Gas  Mixture 

Fixed  Adjustments  in  All  Parts 
with  Controlled  Combustion 


Develop     maximum     speed     of     60 
M.P.H. 

Twenty-two  miles  per  gallon  with  ex- 
isting or  any  future  motor  fuels. 

Sixteen  hundred  miles  per  gallon  of 
lubricant. 

Ten  to  30  M.P.H.  in  9  seconds. 

Radiator     water     normally     around 
130°  F. 

NO  THERMOSTATS 

Easy  starting,  no  loading. 

Practically  eliminates  carbonization. 

No  preignition,  no  autoignition. 

No  so-called  detonations. 

Eliminates  vibration  due  to  fuel  con- 
ditions. 

Practically  eliminates   lubricating   oil 
dilution. 

No  overheating  of  metals. 

Practically  eliminates  valve  grinding. 

Practically  eliminates  bearing  adjust- 
ments. 

Practically       eliminates       spark-plug 
troubles. 

PRACTICALLY  ELIMINATES  GEAR 
SHIFTING. 


Deppe  Motors  Corporation 

151   Church  Street 
New  York  City 


S.  A.  E.  EMPLOYMENT  SERVICE 
Continued 


MEN  AVAILABLE 

1229  Automotive  Engineer  ;  Cornell  graduate  with  S  years'  ex- 
perience in  the  design  and  development  of  engines  and 
automobiles ;  now  chief  engineer  of  Eastern  company  but 
wishes  to  make  a  change ;  responsible  executive  position 
desired.  Available  on  reasonable  notice.  Residence.  Con- 
necticut ;   location.  East  or  Middle  West   preferred. 

1230  Automotive  Engineer  ;  Engineering  executive  with  a 
technical  education  and  12  years'  experience  in  the  original 
design  of  complete  cars  and  factory  methods  desires  a 
position  with  a  car.  engine  or  parts  manufacturer,  or  as 
sales   engineer.     Residence.   Cleveland ;   location,   immaterial. 

1231  Assistant  Engineer  or  Chief  Draftsman  ;  6  years'  ex- 
perience ;  thoroughly  familiar  with  the  design,  construction 
and  production  of  motor  trucks.  Available  in  2  weeks. 
Residence,   Pennsylvania ;    location,   immaterial. 

1232  Instructor  with  several  years'  experience  in  practical  work 
wishes  a  position  in  an  engineering  college  as  instructor  in 
some  line  of  automotive  or  transportation  work.  Residence, 
Illinois ;  location,  Central  West. 

1233  Sales  Manager  now  located  in  Detroit  and  possessing  a 
wide  acquaintance  among  automobile  companies,  desires  to 
supervise  sales  or  act  as  a  district  representative  for  a  parts 
manufacturer.  Residence,  Detroit ;  location,  Middle  West 
preferred. 

1235  Service  Manager;  high-grade  man  with  experience  In 
service  merchandising  methods ;  stock  and  shop  arrange- 
ment and  management.  Graduate  mechanical  engineer  with 
10  years'  experience  in  truck  maintenance  and  service 
work.  Residence,  suburb  of  New  York  City ;  location. 
New   York   City. 

1246  Factory  Manager,  Production  Engineer,  Superintendent 
or  Sales  Engineer;  technical  graduate;  17  years'  execu- 
tive experience  with  mechanical  and  electrical  accessories 
including  storage-batteries.  Capable  organizer.  Familiar 
with  modern  manufacturing  and  cost  methods.  Residence, 
New  Jersey ;    location,    immaterial. 

1247  Retail  Sales  ExECUTrvE;  University  graduate,  aged  34, 
with  extensive  experience  in  service,  sales  and  sales  pro- 
motion, seeks  a  broader  opportunity  with  location  in  New 
England.  Present  yearly  earnings  are  in  excess  of  $6,000 
as  manager  of  a  branch  doing  a  large  volume  of  business. 
Has   introduced   and   developed   successful   sales   plans. 

1250  Executive  with  organization  ability  assuring  a  quality  prod- 
uct at  a  minimum  cost ;  leadership  that  inspires  loyalty, 
harmony  and  confidence;  17  years'  experience  in  varied 
industries;  11  years  with  an  exclusive  automobile  company. 
Excellent  references.  Residence,  Buffalo ;  location,  north- 
ern United  States. 

1251  Automotive  Engineer  Technical  graduate  with  20  years' 
continuous  experience  on  the  board  and  as  a  supervisor  of 
machine  and  tool  design,  wishes  a  position  as  chief  or 
assistant  chief  engineer,  chief  tool  designer  or  master 
mechanic.      Residence,   Chicago ;    location.   Middle  West. 

1255  Sales  Executive  with  19  years'  engineering  and  sales  ex- 
perience in  automotive  industry  who  is  now  sales  manager, 
desires  to  make  a  change  for  personal  reasons.  Competent 
to  handle  national  sales  and  advertising  of  engines,  motor- 
buses  or  any  parts,  or  accessories  on  passenger  cars,  trucks 
or  tractors ;  available  in  two  weeks.  Residence,  Middle 
West ;  location,  immaterial. 

1257  Mechanical  Engineer  29  years  old  and  experienced  in  pro- 
duction and  design  wishes  a  position  in  the  production  de- 
partment of  a  company  manufacturing  transmissions  and 
differentials.       Residence,     Pittsburgh ;     location,    immaterial. 

125S  Engineer,  has  held  responsible  positions  as  tool  designer, 
research,  engine  designer,  production,  sales  engineer  and 
consulting  engineer.  Residence,  Ohio;  location,  Cleveland 
preferred. 
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'TpHE  Curtiss  Airplane  Connecting  Rod, 
of  which  approximately  150,000  were 
furnished  for  Curtiss  OX  airplane  en- 
gines, affords  an  excellent  illustration 
of  the  forgeability,  machineability  and 
toughness  of  Vanadium  Steel. 

Note  the  unretouched  photographs  of 
progressive  stages  in  the  production  of 
this  well-known  connecting  rod. 

The  finished  rod  was  twisted  cold  to 
prove  the  remarkable  toughness  of  Vana- 
dium Steel. 


Forgeability,  Machineability  and  Toughness 

of  Vanadium  Steel 


This  distorted  connecting  rod  has  the 
following  physical  properties : 

Elastic  limit  125,000  lbs.  per  sq.  in. 

Tensile  strength    138,000  lbs.  per  sq.  in. 
Elongation  in  2"    20% 
Reduction  of  area  64% 

For  every  steel  purpose  demanding  excep- 
tional strength,  toughness  and  machine- 
ability,  there  is  a  Vanadium  Steel.  Our 
Metallurgical  Engineers  will  be  glad  to 
help  you  study  the  problem  and  select  a 
better  steel  for  your  purposes. 


Vanadium  corporation  of  America 

New  York,  120  Broadway         Detroit,  Book  Building 


\&nadium  Steels 


for  Strength,  Toughness  and  Durability 
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ZENITH 


"The  question  of  saving  gasoline  should  be  ac- 
complished, first,  by  knowing  that  the  carburetor 
is  right  for  the  particular  truck  and  that  if  any 
adjustments  are  to  be  made,  that  they  will  be 
made  by  a  capable  carburetor  man.  Better  still, 
if  possible,  use  a  non-adjustable  carburetor." 


Extract  from  address  made  by  E.  E.  LaSchum, 
r.eneral  Superintendent,  American  Railway  Ex- 
press Company,  before  Seventh  Annual  Conven- 
tion, International  Retail  Druggists  Associa- 
tion.) 


Over  160  American  Automotive  Manufacturers 
have  solved  this  problem  by  adopting  Zenith 
Carburetors,  because,  when  the  proper  jets  have 
been  chosen  to  give  the  best  performance,  they  be- 
come fixed  parts  of  the  carburetor,  not  subject  to 
outside  manipulation. 


Zenith  -  Detroit  Corporation 

Manufacturer  of 

ZENITH  CARURETORS 

DETROIT,  MICHIGAN 

Branches:    New    York — Cleveland — Chicago 


S.  A.  E.  EMPLOYMENT  SERVICE 

Continued 

MEN  AVAILABLE 

1260  Technical  Graduate,  has  held  positions  of  assistant  chief 
engineer,  assistant  production  manager  ;  domestic  and  foreign 
experience  on  water  and  air-cooled  engines,  airplanes  and 
motorcycles ;  also  experimental  work  and  sales.  Residence, 
New   York   City ;    location,    immaterial. 

1262  Metallurgical  Engineer,  able  to  take  full  charge  of 
laboratories  and  production  or  as  factory  manager  in  plants 
making  hardened  steel  parts.  Residence,  New  Jersey ;  lo- 
cation, immaterial. 

1263  Service  Engineer;  over  16  years'  experience  in  all  depart- 
ments as  executive,  organizer  and  efficiency  expert  in  pas- 
senger-car and  truck  details ;  experienced  in  promotion 
work,  the  standardization  of  service-station  equipment  and 
methods,  the  installation  of  flat-price  cost  system  on  repairs, 
etc. :  truck  factory  organization  experience.  Residence. 
New    York    City ;    location,    immaterial. 

1264  Designing  and  Research  Engineer;  11  years'  experience 
on  four  and  six-cylinder  truck  and  automobile  engines;  has 
held  positions  of  chief  and  experimental  engineer ;  technical 
education.  Residence,  Wisconsin ;  location,  Middle  West 
preferred. 

1266  Automotive  Engineer  with  20  years'  experience  and  ca- 
pable of  taking  complete  charge  of  engineering  department, 
engines  or  complete  chassis.  Wishes  position  offering  proper 
opportunities.  Reliable,  energetic,  and  has  initiative.  Res- 
idence, Rochester. 

1271  High-Grade  Automotive  Engineer  with  a  broad  and  suc- 
cessful record  in  engineering,  manufacturing  and  factory 
organization  ;  a  pioneer  in  the  automobile,  truck  and  tractor 
industries.     Residence,  Western   United   States. 

1272  Young  Graduate  Mechanical  Engineer  with  4  years'  experi- 
ence in  service  work  and  9  months  as  instructor  in  automo- 
bile mechanics,  desires  to  establish  a  connection  with  an 
automobile  company  in  a  production  or  engineering  capacity. 
Willing  to  start  with  modest  salary.  Residence,  Missouri ; 
location,    immaterial. 

1273  Technical  Man,  25  years  old  who  will  graduate  this  year 
in  automotive  engineering  and  has  had  2%  years'  experi- 
ence in  automobile  service-station  and  machine-shop  work 
wishes  to  locate  in  engineering  or  factory  service  depart- 
ment.     Residence,   Atlanta ;   location,   immaterial. 

1275  Engineer  with  many  years'  experience  and  an  extensive 
acquaintance  among  engineering  executives  wishes  to  rep- 
resent in  the  Chicago  territory  the  manufacturer  of  high- 
grade  automotive  product  that  must  be  backed  by  a  re- 
sponsible producer  and  publicity  promoted  by  adequate  ad- 
vertising and  sold  to  jobbers  or  quantity  users.  Residence. 
Chicago. 

12S0  Engineer  or  Sales  Executive;  20  years'  experience  in  the 
design,  construction  and  sale  of  vehicles  of  various  types 
and  accessories;  wide  acquaintance  in  industry;  excellent 
references ;  part  or  entire  time ;  has  engineering  office  in 
East  at  present ;  has  specialized  in  the  development  of  new 
machines  and  parts ;  compensation  proportional  to  results. 
Residence,    Pennsylvania ;    location,    East    preferred. 

1281  Chief  Research  or  Production  Engineer  or  Chief  In- 
spector ;  wide  general  mechanical  engineering  experience : 
automotive  work  a  specialty  in  the  maintenance  and  repair 
.of  a  large  fleet  of  tanks,  trucks  and  automobiles ;  is  an 
expert  research  engineer,  with  the  ability  to  test  all  kinds  of 
vehicles  and  possesses  a  sound  knowledge  of  factory  organi- 
zation and  inspection  methods ;  also  an  expert  designer  of 
engines  ;  is  tactful  with  labor,  a  good  mixer  and  ambitious. 
Residence,   New  York  City ;   location,   immaterial. 

1283  Executive;  successful  record  in  the  manufacture  of  tools 
and  automotive  parts  on  a  large  scale ;  specialty,  maximum 
quality  production  at  a  minimum  cost ;  best  of  references. 
Residence,    Illinois ;    location,    Chicago   or   vicinity   preferred. 

(Continued  on  p.  76) 
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Wiiim 

SERVICE  STATION 


I  T.  A.  Willard — who  has  done 
•*•  and  is  doing  more  for  storage 
battery  improvement  than  any 
°ther  one  individual. 
O  The  Willard  Organization — 
"■  for  fifteen  years  leaders  in 
storage  battery  manufacture  and 
distribution. 

0  The  Willard  Laboratories — 
physical,  chemical,  mechan- 
ical and  electrical — the  finest 
equipment  for  battery  research 
in  the  country. 

A   The   Willard   Factory — with 

the  size,  resources  and  vol- 
ume for  quantity  production  to 
a  high  quality  standard. 
C   Original   Equipment  on   135 

makes  of  motor  cars;  93% 
have  always  used  Willard  Bat- 
teries. 
g  The  Friendship  of  20,000  car 

dealers. 
n  The  Good  Will  of  10,000,000 

car  owners. 

The  leading  Wood-Insulated 

Battery. 

The   only  Threaded  Rubber 

Battery. 

1  f\  The  most  extensive  and 
*  long-continued  and  con- 
sistent national  advertising. 

I  I  The  most  efficient  co- 
operation  with  the  dealer's 

local  advertising. 

I  O  Membership  in  the  original 
and  most  efficient  national 

battery  service  to  car  owners. 


8 
9 


Back  of  the  Sign 

6 — Friendship 

We  can  truly  say  the  car  dealers  of  the  country 
are  our  friends. 

They  send  their  owners  to  Willard  Service  Sta- 
tions because  they  know  that  Willard  Dealers  will 
give  them  the  kind  of  service  which  they  should 
have. 

They  believe  in  Willard  because  they  see  at  first 
hand  the  performance  of  Willard  Threaded  Rubber 
Batteries  on  their  cars  or  on  the  cars  of  their 
neighboring  dealers. 

And  they  know  from  past  experience  that  the 
Willard  Dealer  must  first,  foremost  and  all  the 
time  make  good  with  the  owners  of  Willard  Bat- 
teries, and  the  dealers  who  sell  Willard  equipped 
cars. 

This  is  a  standardized,  organized,  efficient  service 
cheerfully  rendered  to  any  dealer  or  owner  no  mat- 
ter what  make  of  battery  he  has. 


WILLARD  STORAGE  BATTERY  CO.,  Cleveland,  O. 

Made  in  Canada  by  the 
Willard   Storage  Battery  Co.  of  Canada,  Limited,  Toronto,  Ontario 


STORAGE 

BATTERIES 


The  acknowledged  leader 
of  wood-separator  bat- 
teries   for    fifteen    years. 


Original 

Equipment  on 

135  Makes  of 

Motor  Cars 


The  Threaded  Rubber  Bat- 
tery that  created  a  new 
standard  of  battery  value. 
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MATHER 
SPRINGS 


Standard  of  the  World 


The  shortest  cut 
to  getting  your 
full  money's 
worth  in  the 
things  you  buy 
is — Quality. 


Genuine  Made  Only  By 


The  Mather  Spring  Co. 

Toledo,  Ohio,  U.  S.  A. 


S.  A.  E.  Employment  Service 

Continued 
MEN  AVAILABLE 

1284  Chassis  Engineer,  Designer,  or  Chief  Draftsman;  12 
years'  experience  in  designing  chassis,  engines,  axles  and 
transmissions ;  also  in  production ;  has  been  connected  with 
some  of  the  most  prominent  passenger-car  companies  as 
assistant  engineer,  chassis  engineer  and  chief  draftsman. 
Residence,    New   Jersey ;    location,    immaterial. 

1286  Assistant  to  Chief  Executive,  Saxes  or  Production  En- 
gineer :  man  with  a  wide  general  mechanical  engineering 
experience  in  the  United  States  and  Europe,  technical  train- 
ing, experience  in  the  automotive  and  allied  industries,  and 
electrical  experience,  desires  position  with  car,  engine  or 
parts  manufacturer.  Would  represent  firm  in  Europe  or 
the  East.     Residence,  New  York  City. 

1291  Works  Manager,  or  Assistant  to  Executive;  engineering 
graduate ;  experience  covers  entire  .  automotive  field ; 
possesses  a  sound  knowledge  of  factory  administration,  cor- 
poration law  and  finance ;  is  a  capable  organizer  and  ad- 
ministrator with  practical  training  of  modern  manufac- 
turing methods  and  labor  management.  Residence,  New 
York  City  ;  location,  immaterial. 

1292  Sales  Manager;  16  years'  experience  in  the  automotive 
field ;  technical  education ;  wide  advertising  experience, 
sales  promotion,  efficient  modern  merchandising  methods ; 
can  take  entire  charge  of  accessory  proposition  if  desired, 
or  render  valuable  constructive  assistance.  Residence,  New 
York  City  ;  location,  immaterial. 

1293  Lubrication  Engineer  with  10  years'  experience  in  calling 
on  automotive  manufacturers  is  open  for  immediate  proposi- 
tion.    Residence,    Toledo ;    location,    Middle   West    preferred. 

1294  Research  or  Sales  Engineer;  wide  experience;  has  been 
with  prominent  automotive  companies  in  research,  experi- 
mental and  dynamometer  work ;  college  education.  Resi- 
dence, Ohio ;   location,  immaterial. 

1295  Automotive  Engineer  ;  thorough  technical  education ;  10 
years'  practical  experience  as  designer  and  executive  in 
charge  of  design  :  resourceful,  thorough  and  diplomatic  and 
possesses  the  ability  to  get  desired  cooperation  from  other 
departments.     Residence,  Philadelphia;   location,   immaterial. 

1303  Mechanical  Engineer;  technical  graduate  with  10  years' 
experience  in  developing  processes,  production  methods  and 
plant  layouts  for  manufacturers  of  interchangeable  parts, 
machine  tools  and  wood  products,  is  now  available.  Resi- 
dence, New  Jersey ;  location.  Eastern  States  or  abroad. 

1305  Factort  Manager,  Chief  Engineer,  or  Production  Man- 
ager; technical  graduate;  15  years'  successful  experience  in 
the  management  and  engineering  of  industrial  plants  pro- 
ducing high-grade  interchangeable  parts.  Available  on 
short  notice.  Residence,  Connecticut ;  location,  southern 
New  England,  eastern   New  York  or  New  Jersey  preferred. 

1306  Assistant  Chief  Engineer;  10  years'  executive  and  design- 
ing experience ;  thoroughly  familiar  with  the  design  and 
construction  of  complete  passenger  cars,  trucks  and  en- 
gines.    Residence.   Chicago. 

1310  Body  Engineer  ;  Graduate  mechanical  engineer  with  wide  ex- 
perience in  high-grade  custom  body  and  quantity  production, 
including  closed  and  open  bodies ;  also  taxicabs ;  closed 
bodies  preferred  ;  acting  in  consulting  capacity  at  present ; 
highest  references.  Residence,  Chicago ;  location,  imma- 
terial. 

1311  Transportation  Manager  or  Research  Engineer  in  tractor 
factory ;  several  years'  experience  as  instructor  and  produc- 
tion engineer.  Residence,  Chicago ;  location,  Middle  West 
preferred,  but  not  essential. 

1312  Gage  Engineer,  Chief  Inspector,  executive,  with  unusual 
scientific  and  manufacturing  experience  covering  12  years, 
desires  a  position  of  responsibility.  Has  large  engineering 
acquaintance  from  accomplishments,  technical  writings  and 
personal  contact.  Residence,  New  England ;  location,  im- 
material. 

(Continued  on  p.  78) 
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New  Departure 
Ball    Bearings 

New  Departures  Simplify  Maintenance 

More  than  ever,  motor  vehicles  are  bought  with  an  eye  to 
the  probable  upkeep  expense.  Because  they  know  that  the 
labor  to  "get  at"  a  part  is  often  more  than  the  cost  of  that  new 
part,  buyers  are  willing  to  pay  more  for  a  car  or  truck  whose 
parts  are  known  to  have  long  life. 

This  also  applies,  in  proportion,  to  parts  which  must  be 
adjusted. 

New  Departure  ball  bearings  last  as  long  as  the  vehicle 
itself,  for  three  reasons — correct  principle,  finest  bearing 
steels,  exquisite  accuracy  of  dimension  and  finish.  And  this 
long  life  eliminates  the  necessity  for  adjustability. 

THE   NEW    DEPARTURE    MANUFACTURING   CO. 


BRISTOL,  CONN. 


CHICAGO 


DETROIT 
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Exactly  to  Specifications 

The  buyer  of  Hoyt  Babbitt-Lined  Bearings  has  the  positive  as- 
surance that  the  finished  product  will  be  exactly  to  his  specifi- 
cations. If  he  orders  S.  A.  E.  No.  11  babbitt,  he  will  get  exactly 
that — if  he  orders  bronze  or  babbitt  to  his  own  particular  speci- 
fications he  will  get  precisely  the  composition  that  he  specifies. 

Used  by  Prominent  Motor  Builders 

Hoyt  Babbitt-Lined  Bearings  are  used  by  some  of  the  foremost 
motor  builders  in  the  United  States — they  know  that  Hoyt 
bearings  go  far  toward  maintaining  a  reputation  for  uniform 
reliability  of  their  product  throughout  a  period  of  unusually 
long  service.  Send  for  24-page  book  on  Babbitt-lined  Bronze 
Bearings. 


HOYT  METAL  COMPANY 


Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 
New    York  Chicago  Detroit  Toronto 

Other    Hoyt    Products 


London 


Bronze -barked    Babbitt-lined    Bearings 

and    Bushings. 
All-bronze   Bushings, 
Stick    Bronze.    Cored    or    Solid. 
Brass    and    Aluminum    Castings. 
Rolling    Mill    Bearings. 
Babbitt    Metals. 
Die  Castings   of   Zinc   Base,    Tin   Base 

and    Special    Alloys. 
Sheet    Block   Tin. 
Tin    Pipe. 


Lead    Pipe. 

Special    Casting  -Metals. 

Sbeet    Lead. 

Lead    Washers. 

Tape    I>ead. 

Lead    sleeves. 

Lead    Wool. 

Lead  Wire. 

White   Copper    Stamping   Metal. 

i  lasting    Metals. 

Solder    (bar  and   wire.) 


d3ronge~d3acked  ^Bearings 


S.  A.  E.  EMPLOYMENT  SERVICE 

Continued 

MEN  AVAILABLE 

1313  General  Sales  or  Advertising  Manager:  graduate  elec- 
trical engineer  who  has  taken  post-graduate  work  in  busi- 
ness ailministraton  and  has  a  successful  record  in  the  sale 
and  advertising  of  several  mechanical  products ;  can  take 
charge  of  established  products  or  develop  new  ones  for 
manufacturers  or  dealers  and  render  valuable  assistance  in 
perfecting  design  and  standardizing  products:  handles  men 
successfully  and  coordinates  inter-departmental  relations. 
Available  July  1.  Residence.  Ohio;  location,  Los  Angeles 
or   New   York   City   preferred. 

1318  Chief  Engineer.  Works  Manager.  Production  'or  Tech- 
nical Service  Engineer  Traveling  road  man  with  experi- 
ence in  design,  experimental  work,  pattern  shop  and  in- 
spection department  wishes  to  get  into  production  work 
or  engineering  and  production  combined.  Residence,  Indi- 
ana ;    location,    immaterial. 

1319  Production  Engineer.  Works  Manager;  6  years'  experi- 
ence in  woodworking  and  rubber  industries.  Residence. 
Philadelphia;    location.   Bast   preferred. 

1320  Superintendent;  in  charge  of  fleet  of  60  commercial  and 
light  automobiles  for  passenger  and  haulage  service,  in- 
cluding Pierce-Arrow,  Peerless,  Albions,  etc.  ;  has  also 
worked  in  machine,  fitting  and  body  shops  and  power  sta- 
tion.     Residence,    England  ;    location,    immaterial. 

1322  Detail  Draftsman;  available  now;  3  years'  experience  and 
2  years'  technical  training.  Residence,  Illinois ;  location, 
immaterial. 

1323  Export  Manager.  Executive;  15  years'  experience  with 
prominent  companies  and  several  years  as  sales  manager 
for  Eastern  territories :  speaks  five  languages  fluently  and 
has  traveled  all  over  the  world  ;  best  of  references.  Resi- 
dence,   Germany  ;    location,    immaterial. 

1324  Mechanical  Engineer;  technical  graduate  with  experience 
in  shop,  toolroom,  inspection,  tool  design  and  development 
and  aviation  engines :  airplane  work  a  specialty.  Resi- 
dence, New  York  City  suburb  ;  location,  New  York  vicinity 
preferred  but  not   essential. 

1327  Experimental  Engineer.  Inspection  Man;  15  years'  engi- 
neering experience  including  field  research  inspection.  Resi- 
dence.   Utah ;    location,    West    preferred. 

1328  Chief  or  Designing  Engineer;  14  years'  experience  dn  the 
design  of  air-cooled  engines,  complete  cars  and  all  units, 
including  5  years  in  office  of  chief  engineer.  Residence, 
Ohio  ;  location.  Ohio  or  farther  East. 

1329  Service  Manager  Capable  aggressive  executive  who  pos- 
sesses the  ability  to  organize  an  effective  department  and 
has  made  an  intensive  study  of  all  phases  of  passenger  and 
truck  service  problems,  and  has  been  associated  with  two 
of  the  leading  automobile  companies.  College  graduate. 
Residence.    Cleveland  ;    location,    immaterial. 

1330  Factort  Manager,  Chief  Engineer  Man  who  is  now 
with  one  of  the  largest  passenger-car  builders  in  the  East 
desires  to  make  a  connection  of  similar  oapacity  in  Ohio, 
Indiana  or  Michigan  with  well-established  firm.  Available 
at    an    early    date.      Residence,    Ohio. 

1332  Metallurgical  Engineer:  technical  graduate  with  6  years' 
experience  and  a  practical  and  theoretical  knowledge  of 
heat-treatment  and  metallography  of  all  ferrous  and  non- 
ferrous  alloys,  also  nonferrous  foundry  practice :  capable 
of  directing  metallurgical  laboratory,  heat-treatment  de- 
partment   or    foundry :    expert    on   pyrometry. 

1333  Works  Manager,  Operating  Engineer  or  Technical  Rep- 
resentative ;  17  years'  automotive  experience  in  the  de- 
sign and  production  of  cars,  commercial  and  battery  vehi- 
cles and  a  production  knowledge  of  Entz  magnetic  system  ; 
also  lecturing  experience  ;  would  represent  leading  American- 
company  in  England  :  otherwise  open  to  position  in  United 
States.     Residence,  London. 

(Continued  on  p.  80) 
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TRANSMISSIONS 

Unit  Power 

and 

Main  Frame 

CLUTCHES 

Multiple  Disc 

and 

Multiple  Lever,  Single  Plate 

CONTROLS 

A  Style  and  Capacity 

for 

Every  Requirement 


SYRACUSE,  N.  Y. 


San    Francisco 

New    York 


Chicago 

London,    Eng. 


Detroit 


urn. Ill i Hill 


The  new  plant  of  the  Interna- 
tional Insulating  Corporation, 
now  located  at  Elyria,  Ohio,  has 
been  completed  and  is  in  produc- 
tion on  gear  shift  lever  balls,  dis- 
tributor heads,  radiator  caps, 
electrical  connections,  and  all 
moulded  parts,  either  from  shellac 
composition  or  synthetic  material, 
used  on  automobiles. 

INTERNATIONAL  INSULATING 
CORPORATION 

ELYRIA       -       -       OHIO 


(Pat.  and  Pat.  Pending) 


Shafer  Roller  Bearing  is 
Self-Aligning 


The  inner  cone,  being  a  true  sphere, 
is  free  to  tilt  in  all  directions,  mak- 
ing it  automatically  self-aligning. 

It  is  an  original  combination  of  me- 
chanical principles,  having  concave 
rollers  set  at  an  angle,  traveling  be- 
tween a  convex  cup  and  cone.  This 
construction  makes  it  possible  to  ab- 
sorb loads  from  any  angle,  either 
radial  or  thrust  without  pinching  or 
binding. 

Shafer  Engineers  Are  At  Your 
Service. 

SHAFER  BEARING  CORP. 

6501-99  West  Grand  Ave.,  Chicago,  111. 


SHAFER 

Seir-JWgning  ROLLER  BEARING 
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"If  It's  a  Flood  Oiling  Fan, 
It's  a  Service  Fan" 

Quiet  operation  after 
almost  unbelievable 
mileage  is  the  result 
of  the  flood  oiled  plain 
bearing  which  is  a  fea- 
ture of   Service   Fans. 

Thousands  of  miles 
can  elapse  before  it  is 
necessary  to  replenish 
the  oil  supply. 

Service  Fans  have 
demonstrated  their  su- 
periority on  motor 
cars,  trucks  and  trac- 
tors. 

Technical  data  will  be 
supplied  on  request. 

Service    Products    Corporation 

Indianapolis 
Indiana 


Put  Your 

Cooling  Problems 

Up  to  Us 


S.  A.  E.  Employment  Service 

Continued 
MEN  AVAILABLE 

1334  Aeronautical  Layout  Engineer  Technical  graduate  with 
6  years'  experience  designing  aircraft,  including  bombers  and 
smaller  metal  construction,  and  recently  in  charge  of  body 
design  including  supervision  of  construction.  Residence, 
Cleveland. 

1338  Research  and  Designing  Engineer;  technically  educated 
man  in  both  mechanical  and  electrical  lines  who  under- 
stands production  methods  thoroughly ;  can  furnish  best 
of  references  on  sleeve  and  poppet-valve  engines  and  chas- 
sis construction.  Residence,  New  York  City ;  location.  New 
York  City  preferred. 

1339  Chief  Engineer,  Factory  Manager.-  thoroughly  familiar 
with  all  engineering  problems  and  factory  management  in 
the  automotive  industry ;  references  available ;  now  in  Texas. 
Residence,  Long  Island ;  Eastern  location  preferred,  but 
will  go  anywhere  if  inducement  is  sufficient. 

1340  Automobile  Factory  Superintendent,  Works  Manager. 
Good  executive  with  extensive  experience  in  the  assembling, 
body  building,  painting,  trimming,  enamelling  and  machine 
divisions  wishes  a  position  with  a  future.  Residence,  Can- 
ada ;    location,    immaterial. 

1343  Executive  Engineer  ;  with  18  years'  experience  and  who 
has  held  positions  of  assistant  to  president  and  chief  engi- 
neer of  some  of  the  largest  companies  in  the  engineering 
field,  and  shown  results  that  are  recognized  throughout  the 
entire  industry,  would  like  to  hear  from  high-grade  organi- 
zations requiring  his  services,  exceptional  references ;  also 
European  experience  in  accessories.  Residence,  New  York ; 
location,    New    York   City   preferred  but   not   essential. 

1344  Research  and  Development  Engineer  ;  extensive  experi- 
ence in  developing  new  products  and  perfecting  improve- 
ments in  older  ones ;  thoroughly  competent  in  research 
technique  and  possessing  resourceful  engineering  ability  ; 
automotive  and  oil  engine  work  a  specialty.  Residence, 
Pennsylvania;  location,  Philadelphia  or  Metropolitan  dis- 
trict. 

1345  Service  Manager;  4  years'  experience  in  passenger -car 
and  truck  service  and  sales ;  8  years'  cost  and  production ;  4 
years'  export  sales  and  service  and  8  years'  building  pas- 
senger cars  and  trucks.  Residence,  Long  Island ;  location, 
New  York  City  preferred,  but  not  essential. 

134  6  Research  Engineer;  17  years'  experience  as  foreman,  chief 
inspector,  passenger-car  and  truck  testing;  research  engi- 
neer in  passenger-car  and  truck  design ;  can  organize  per- 
sonnel ;  now  employed.  Residence,  Indianapolis ;  location, 
Central   States   preferred. 

1349  Designing  and  Research  Engineer;  graduate  of  European 
technical  university  who  speaks  English,  French,  German 
and  Dutch ;  exipert  airplane-engine  designer.  Residence, 
Connecticut  ;    location,    immaterial. 

1354  Mechanical  Engineer;  builder  of  high-class  automobiles; 
development  and  research  work ;  has  had  charge  of  as- 
sembly department  of  prominent  automobile  company.  Ad- 
dress, J.  Kauifman-Kawst,  c/o  S.  A.  E.,  29  West  39th  St., 
New    York    Oity 

1355  Technical  Graduate;  age  24;  with  experimental  laboratory 
and  practical  experience  and  a  well -established  knowledge 
of  internal-combustion  engine  characteristics.  Available  in 
June.     Residence,   Kansas;   location,   immaterial. 

POSITIONS  AVAILABLE 

544  Salesman  wanted  by  a  die-casting  company  in  Pennsylvania. 

645  Assistant  Salesman.  Capable  man  is  desired  by  a  promi- 
nent company  in  Pennsylvania  manufacturing  aluminum, 
brass  and  bronze  die  castings. 


(Continued  on  p.  82) 
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Make  Your  Trip  to  Spring  Lake  More  Enjoyable  by  a  RefreshinglNight  on  Lake  Erie 

Thousands  of  eastbound  travelers  say  they  wouldn't  have  missed   that  cool,  comfortable  night  on  one  of  our  fine  steamers.    A  good 
bed  in  a  clean  stateroom,  a  long,  sound  sleep  and  an  appetizing  breakfast  in  the  morning!     (And  your  car  arrives  on  same  steamer.) 


The  Great  Ship  "SEEANDBEE"  and  Steamers  "City  of  Erie"  and  "City  of  Buffalo" 

Daily,  May    1   to   November  15. 


Leave  Cleveland 9:00  p.m. 

\nivc    Buffalo 7:30  a.m. 


I  eave   Buffalo 9:00  p.m. 

Arrive    Cleveland 7:30  a.m. 


(Eastern    Standard    Time) 


Fare:  $5.50  One  Way;  $9.50  Round  Trip 

Tourist   Automobile   Bates  (When    accompanied    by   passengers) 

One  ivay.     Round  trip. 
10.00  $15.00 


Cars    127    inches    wheelbase   or   less 

Cars  over    127    inches   wheelbase 14.50 


24.00 


All  gasoline  must   be  removed  before  cars  can  be  accepted   for  shipment.      Cars   should   be   delivered  to   dock  one  hour   prior  to   departure  of    steamer. 

(Your  rail  ticket  is  good  on  the  boats.) 

THE  CLEVELAND  AND  BUFFALO  TRANSIT  COMPANY 


Cleveland,  Ohio. 

City   office,    2051-3    E.    9th    St., 
New   Pier,   ft.   of   E.   9th   St. 


BnlYalo.   >.  Y. 

City  office.    16   E.    Eagle  St., 
Wharves,  S.  Michigan  Ave.  Bridge. 


aira 
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AHLSTRO 

Mdal  Mouldings^  SJiapes  1 
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DURABLE— ARTISTIC 

Metal  Instrument  Panels 

Dahlstrom  metal  instrument  panels 
will  not  twist  or  warp.  They  are  easily 
applied,  and  instrument  openings  are 
neat  and  carefully  made. 

Dahlstrom  instrument  panels  are  fin- 
ished by  our  baked-on  process  in  any 
color  or  graining  desired. 

DAHLSTROM   METALLIC   DOOR 
COMPANY 

467  Buffalo  Street,  Jamestown,  New  York 

PHILADELPHIA  DETROIT  CHICAGO 

305   Bulletin   Bldg.    501  Capitol  Theatre  BIdg.    19  So.   LaSalle  St. 

Local  representatives  in  principal  cities. 
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The  Highest  Development  of 
Vulcanized  Cotton  Fibre 


IT  lias  taken  nearly  a  half  a  century  to 
product  Vul-Cot  Fibre — a  half  century 
of  study  and  experiment  to  produce  material 
of  exceeding  toughness  and  hardness  and 
that  is   not   brittle. 

Vnl-Cot  is  made  by  the  oldest  and  largest 
manufacturer  of  Vulcanized  Fibre  in  the 
country.  Every  detail,  every  process  in  the 
manufacturing  of  Vul-Cot  Fibre  is  per- 
formed in  the  three  huge  plants  of  the  Na- 
tional Vulcanized  Fibre  Company. 

The  result  is  a  Fibre  that  is  three  times  as 
tough  as  leather.  No  ordinary  force  can 
crush,  break,  crack  or  split  it.  Its  tensile 
strength  is  from  9.000  to  14,000  pounds  per 
square  inch,  with  a  resistance  to  shearing  up 
to  13,000  pounds  per  square  inch,  and  an 
electrical  rupture  up  to  400  volts  per  Mil. 

We  have  made  Vul-Cot  Fibre  with  such 
care,  with  such  minute  attention  to  every  de- 
tail, that  we  can  guarantee  it  to  be  free  from 
impurities. 

If  there  is  a  place  for  fibre  in  the  composi- 
tion of  your  product — if  there  is  a  possibil- 
ity for  a  material  that  is  as  hard  as  horn,  as 
durable  as  steel,  as  adaptable  as  rubber  and 
yet  less  costly  than  any — we  will  gladly 
place  at  your  disposal  the  experience  gained 
through  years  of  making  parts  for  the  prod- 
ucts of  the  host  of  manufacturers  who  use 
Vul-Cot  Fibre-. 


National 

Vulcanized    Fibre    Company 
\\  ilmington,    Delaware 


S.  A.  E.  EMPLOYMENT  SERVICE 

Continued 

POSITIONS  AVAILABLE 

•575  Carbureter  Sales  Engineers  to  call  on  factories,  make 
demonstrations,  etc.,  are  desired  by  old  established  factory 
in  Middle  West.  Must  be  experienced,  have  technical  train- 
ing and  good  references. 

•577  Sales  Engineer  for  ball  bearing  company.  Must  be  thor- 
oughly familiar  with  the  automotive  field.  Ball  bearing 
experience  desirable  but  not  required.  Practical  experience 
is  necessary. 

578  Engineer  with  sales  experience  and  who  has  a  wide  ac- 
quaintance among  engine  companies  or  automobile  plants 
that  build  their  own  engines ;  an  acquaintance  not  only 
with  the  purchasing  departments  but  with  the  engineering 
departments.  Necessary  to  travel  extensively,  selling  inter- 
nal-combustion engine  valves  or  other  parts  that  this  company 
makes,  such  as  tappets,  etc.  Not  necessary  to  make  the 
actual  sales  because  it  will  be  necessary  for  him  to  devote 
himself  particularly  to  the  engineering  requirements  of 
customers,  coming  in  contact  with  purchasing  departments 
In  an  incidental  way.  Man  must  be  capable  of  earning  good 
salary  and  will  work  under  the  direction  of  the  chief  engi- 
neer. Location,  Detroit,  and  traveling  will  take  in  entire 
territory   from   Minneapolis  to   New   York   City. 

5S9  Salesman.  Company  in  Ohio  is  interested  in  obtaining  a 
salesman  for  its  industrial  bearings  division  work,  covering 
the  sale  of  its  product  to  industries  outside  the  automotive 
field  where  anti-friction  bearings  are  adaptable.  This  work 
requires  a  man  with  engineering  training,  as  contact  is  gen- 
erally with  engineers,  and  sales  experience.  Prefer  a  man 
of  about  30  to  35  years  of  age  and  single,  as  the  work  re- 
quires considerable  traveling ;  pleasing  personality  and  plenty 
of  energy  are  also  essential.  A  man  is  desired  who  will  ap- 
preciate the  opportunity  of  a  position  with  a  prominent  or- 
ganization and  who  will  be  keenly  interested  in  the  work 
at    hand. 

590  Implement  Designer  and  Factory  Manager.  Man  able  to 
combine  the  qualities  of  both  is  wanted  by  plant  in  Ohio. 

•602  Experienced  Sales  Engineer  to  cover  large  territory  and 
call  on  automobile  builders  that  this  company  represents. 
A  certain  amount  of  engineering  and  technical  detail  is  re- 
quired. Prefer  a  single  man  with  sales  ability  and  technical 
knowledge.  Salary,  from  $2,500  to  $3,500,  according  to 
qualifications,  experience  and  earning  power.  Write,  giving 
education,   experience,   salary,    etc.      Headquarters,   Detroit. 

•605  Man  to  take  charge  of  the  inspection  work  of  plant,  located 
in  New  York  City  and  manufacturing  piston  castings. 
Enough  technical  education  at  least  to  enable  him  to  under- 
stand technical  details  and  enough  practical  experience  in 
manufacturing  lines  so  as  to  be  familiar  in  a  general  way 
with  shop  practice  are  required.  Applicants  should  be  fa- 
miliar with  testing  machines  and  equipment,  such  as  Brinell 
hardness  tester,  tensile  test  machine,  pyrometer  equipment, 
etc.,  and  be  able  to  use  this  equipment  intelligently ;  it  is 
also  desirable  that  they  understand  the  operation  of  gas  and 
oil  furnaces ;  be  able  to  devise  and  make  reports  covering 
work  tested  as  well  as  to  observe  work  in  process  through 
the  shop  and  make  such  reports  as  may  be  required ;  be 
competent  to  take  and  understand  instructions  fully,  and 
to  follow  them  out  cheerfully.  Preferably  bright  young 
chap  who  can  stand  on  his  own  responsibilities  under  super- 
vision.     Write    details    fully.      Wanted    immediately. 

607  Automotive  Design  Engineer.  Duties  cover  original  study 
and  engineering  work  on  automotive  material,  particularly 
the  development  of  tracklaying  and  combined  wheel  and 
tracklaying  mechanisms.  Position  requires  the  services  of 
a  high-grade  man  who  is  able  not  only  to  make  layout 
studies  on  the  board,  but  also  to  transmit  the  work  to 
the  staff  and  layout  draftsmen  for  completion  of  the  design. 
A  man  of  special  attainment  based  upon  several  years' 
experience  in  character  of  work  described  is  what  is  de- 
sired.     Salary,    $5,000    for    right    man;    location,    Illinois. 

(Continued  on  p.  84) 
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STEEL 

BRASS 

BRONZE 

MONEL  METAL 

BELL  METAL 

ALUMINUM 

AND  HOLLOW  BALLS 

Hoover  SteelBall  Go. 

ANN  ARBOR .  M JCH . 
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The  LargQst  Manufacturer 
Finishing  Both  Crankshafts 
And  Camshafts  ExclusivQly 

200,000 

motors  built  annually  for  passenger 
cars,  tractors  and  trucks  are  timed 
by  our  camshafts  and  driven  by  our 
crankshafts. 

Mr.  Motor  Builder,  our  experience 
and  facilities  merit  your  considera- 
tion. 

Jackson  Motor  Shaft  Company 


j 


JACKSON 


MICHIGAN 


Higher  Overload 
Capacity 

UY  virtue  of  their  use  of  the 
"*—^  greatest  possible  number  of 
largest  possible  size  balls,  Gurney 
Bearings  withstand  shocks  and 
overloads  that  would  be  disastrous 
to  other  bearings. 

Their  remarkable  accuracy  and 
uniformity  of  manufacture — and 
the  fact  that  their  load  capacity  is 
greater  than  other  bearings  of 
equal  size, — makes  Gurneys  best 
suited  for  replacement  work.  Their 
use  adds  a  stronger  part  to  the 
machine. 

If  you  design  machines,  our  Engi- 
neers can  help  you — will  you  let 
them? 

Gurney  Ball  Bearing  Co. 

Conrad   Patent   Licensee 

Jamestown,  N.  Y. 


GURNEY 

B  ALL  BE  A  Rl  NGS 


'.512r. 


84 


THE   JOURNAL   OF   THE   SOCIETY   OF   AUTOMOTIVE   ENGINEERS 


June,  1923 


PRECISION 

ALL 


For  Lighting  Generators 
and  Ignition  Apparatus 


The  owner  of  a  car  or  truck — if  it  fails 
— notes  only  the  bare  fact  of  failure. 
Seldom  does  he  seek  the  ultimate 
source  of  trouble.  He  condemns  the 
machine  as  a  whole — and  a  subsequent 
sale  is  lost. 

The  builder  of  a  car  or  truck  con- 
demned because  of  ignition  or  lighting 
generator  trouble  places  the  blame 
where  it  belongs.  And  the  sale,  not 
of  one  equipment  but  of  hundreds,  may 
be  lost  to  the  builder  of  the  electrical 
apparatus. 

Service  records  prove  that  magnetos 
and  lighting  generators  equipped  with 
"NORfflfl"  Precision  Bearings,  run  more 
quietly,  last  longer. 

A  booklet  will  be  sent  on 
request.  And  our  engineers 
will  welcome  an  opportun- 
ity    to     work     uith     yours. 

TOE  iflll  CVJHM1IY' 

finable  Avenue 
Long  Island  City  New  York 

BALL,,    ROLLER    AND  THRUST   BEARINGS 


S.  A.  E.  Employment  Service 

Continued 
POSITIONS  AVAILABLE 

•611  Production  Manager.  High-grade  factory  executive  with 
experience  in  die-making,  foundry,  and  non-ferrous  metals 
and    able   to   handle   ynen.      Location,    New   York  City. 

612  Electrical  Engineer.  A  live  wire  with  experience  in  the 
repair  and  maintenance  of  automotive  electrical  equip- 
ment, who  is  or  could  be  trained  for  field  service,  a  man 
with  "pep"  who  would  be  able  to  act  on  his  own  initiative 
is  desired.     Location,   Springfield,   Mass. 

•613  Steel-Treating  Foreman  to  direct  production  and  maintain 
equipment.  Must  be  able  to  handle  men  and  be  experienced 
in  present  methods.  Average  output  of  department  six  tons 
per  day  including  carburizing  and  alloy  and  carbon  steels. 
Location,    California. 

616  Salesman  is  needed  by  a  company  about  to  start  a  mer- 
chandising campaign  on  a  carbureter  to  take  complete 
charge  of  the  enterprise.  Device  is  fully  developed,  has 
had  extended  commercial  service  locally  and  has  many 
advantages.  jllan  should  have  sound  merchandising  train- 
ing ;  be  rather  well-known  in  the  industry ;  technically 
trained  at  least  in  a  general  way,  expert  engineering  talent 
is  now  employed  by  this  company  ;  and  have  actual  experi- 
ence in  selling  to  the  replacement  market  a  product  handled 
through  same  channels  as  a  carbureter.  If  he  has  had  this 
type  of  experience  in  the  carbureter  business,  so  much  the 
better.  Factory  equipment  solicitation  also  part  of  the 
duties.  An  interest  in  the  company  and  compensation 
in  proportion  to  the  results  obtained  will  be  offered  with 
a  base  salary  sufficient  to  preserve  a  decent  standard  of 
living  until  such  results  begin  to  show.  Location,  Penn- 
sylvania. 

6l'2  Engineer:  preferably  a  young  man  just  out  of  college  is 
wanted  immediately  for  general  engineering  work,  includ- 
ing material    testing.      Location,    suburb    of   Xew   York    City. 


•627   Research     Man     is    desired    by 
Connecticut. 


a    prominent    company     in 


*62S  Car  Tester.  Good  first-class  man  is  wanted  to  take  charge 
of  rough  and  finished  testing,  should  be  a  thorough  mechanic 
and  well  acquainted  with  what  a  high-grade  car  ought  to 
be.  possess  a  keen  mind  for  analyzing  trouble  and  be  a  good 
executive,  not  white  collar  man.  but  one  willing  to  get 
down    to    work.      Location.    Connecticut. 

630  General  Factory  Superintendent  for  plant  whose  produc- 
tion is  on  hose  clamps,  spark-plugs,  automobile  pumps,  etc.. 
and  employs  about  60  people,  male  and  female.  Equipment 
consists  of  automatic  screw  machines,  presses,  assembling, 
etc.  Will  pay  salary  with  bonus  on  business  to  a  suitable 
man  possessing  a  wide  experience  and  capable  of  producing 
results. 

631  Engine  Designers  are  wanted  immediately  by  an  aircraft 
company  in  New  Jersey  for  permanent  position.  Not  neces- 
sary that  applicants  have  had  airplane  experience,  but 
preferable.  Salary,  around  $50  per  week,  or  dependent 
upon    the    man. 

•634  Bodt  Engineer.  A  permanent  position  with  a  reliable  or- 
ganization is  open  to  a  high-grade  man  who  is  thoroughly 
familiar  with  all  classes  of  materials  used  in  body  con- 
struction, their  sources,  methods  of  manufacture  and  appli- 
cation in  body  work.  He  must  also  be  familiar  with  the 
production  of  the  bodies  themselves  and  all  their  component 
parts,    including   painting   and    trimming.      Location.    Detroit. 

•635  Young  Sales  Engineer  with  a  wide  acquaintance  among 
manufacturers.  Headquarters.  Detroit.  Territory.  State  of 
Michigan.  Salary,  commensurate  with  ability,  ranging  from 
$2,500    to   $4,000    per   year. 

•636  Body  Engineer  with  wide  experience,  who  is  thoroughly 
capable  and  diplomatic  and  possesses  a  pleasing  personality, 
to    take   charge   of  men  in   a  Connecticut  factory. 

(Concluded  on  p.  86) 

See    announcement    at    the    head    of    the    3.  A.  E.    Employment 
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The  Direct  Way  to 
RESULTS 

We  once  asked  the  manufacturer  for  whom  we 
make  this  part,  "How  much  did  it  cost  you  be- 
fore vnu  decided  to  have  it  die-cast?"  He  re- 
plied, "We  never  trie. 1  to  make  it  any  other  way." 

It  could  have  been  built  up  from  a  series  of 
stampings  mounted  on  the  machine  base,  but 
Franklin  Die-Castings  were  a  direct  way  to  the 
results  desired,  and  our  customer  was  wise  enough 

tO  see  it. 

This  is  only  one  case  where  the  designer,  by 
specifying  die-castings,  has  made  a  substantial 
saving  possible  at  the  outset. 

We  originated  the  Die-Casting  Process  in  1892, 
and  for  30  years  have  been  reducing  costs  and 
simplifying  output  in  many  fields  of  industry. 

Let  us  solve  your  die-casting  problems.  We  quote 
from  samples  or  blue-prints.  Write  for  booklet: 
"Franklin  Die-Castings  in  Modern  Inventions.  " 

FRANKLIN  DIE-CASTING  CORP. 

Gifford  and  Magnolia  Streets 

Syracuse,  N.  Y. 
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To  Insure  Your  Car  Upholstery 
Against  Wear,  Use 

"Wire  on"  Moulding 

A  combination  of  Beauty,  Refinement  and  Sta- 
bility. 

WIRE  ON  is  being  successfully  used  in  the  trim- 
ming of  tops  and  open  and  closed  bodies,  both 
pleasure  car  and  bus. 

WIRE  ON  is  made  with  coverings  of  genuine 
leather,  artificial  leather,  and  cloth.  It  is  easily 
and  successfully  applied  on  any  job. 

We   have  been  making   Mouldings,  Gimps,  Welts,  Robe  Rails, 
Straps  and  other  Automobile  Trimmings  for  many  years. 

Samples  sent  upon  request. 

The  George  R.  Carter  Company 

Connersville,  Indiana 
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OWEN 


CORPORATION 


Owen-Dyneto  Corporation 

Syracuse,  N.  Y. 


Manufacturers  of 
High  Quality 


Starting  and  Lighting 
Equipment  for  the 
Automotive   Industry 


Simplicity  of  Design 
All  Parts  Accessible 
Exceptionally  Efficient 


Service   Stations    in    All    Principal 
Cities  and  Towns 


S.  A.  E.  Employment  Service 

Concluded 


POSITIONS  AVAILABLE 

637  Draftsmen  for  automobile  work  with  automobile  experience 
and  an  acquaintance  with  S.  A.  E.  Standards  are  wanted 
immediately.  Preference  will  be  given  to  men  now  located 
in  the  East.  Salary.  $30-$45  per  week.  Location,  Massa- 
chusetts 

*638  Man.  30-40  years  of  age,  possessing  the  ability  to  write 
technical  articles  and  lecture,  is  desired  for  an  executive 
engineering  position.  One  having  had  practical  automotive 
engineering  experience  will  be  preferred.  College  education 
is  desirable  but  not  essential.     Location,  New  York  City. 

639  Automotive  Engineers,  two  or  three  first-class  men.  ex- 
perienced in  layout  work,  tool-designing  and  transmission, 
are  wanted  by  company  in  New  Jersey.  Salary.  $5u-$55  per 
week. 

640  Sales  Engineer  on  gear  cutting  and  gear  tooth-grinding 
machinery  is  wanted  for  Eastern  territory  with  headquarters 
in  New  York  City.  Salary,  $200  per  month  and  expenses 
plus  commission.  Men  in  other  territories  making  ?.">,000  to 
$8,000  per  year  on  same  basis. 

(J41  Young  Sales  Executive  to  take  charge  of  sales  of  a  growing 
motor-truck  company.  Must  be  capable  of  compiling  sales 
manuals,  formulating  sales  policies,  building  up  sales  or- 
ganization and  supervising  •  advertising.  Man  of  integrity 
and  ability,  willing  to  start  with  a  small  salary,  is  desired. 
Position  offers  an  opportunity  to  get  in  on  ground  floor  with 
a  young  organization  and  build  a  future.  Replies  will  be 
held    strictly    confidential.      Location,    Ohio. 

642  Sales  Engineer  is  wanted  by  a  company  operating  in  the 
States  of  New  York  and  New  Jersey  to  distribute  engiineer- 
ing  specialties.  Good  opportunity  for  a  hustler.  Head- 
quarters,  New   York  City. 

643  Draftsman  wanted  for  detail  layout  work.  Salary,  around 
$40   per   week.      Location,    New   York   City  suburb. 

644  Designing  Engineer,  who  is  qualified  to  design  and  layout 
tractor  engines  and  transmissions  for  quantity  production, 
is  wanted  by  large  tractor  factory  located  in  California. 
(  'nly  applications  from  men  of  broad  experience  along  tractor 
or  other  automotive  lines  will  be  considered. 

6  45  Technical  Graduate,  just  out  at  college,  is  desired  imme- 
diately to  handle  testing  on  aircraft  engines.  Must  be  able 
to  conduct  tests,  write  reports  and  make  performance  calcu- 
lations. Airplane  experience  desirable  but  not  essential. 
Salary,   around   $30-$35  per  week.     Location,  New  Jersey. 

646  Chassis  Layout  Draftsmen  Chicago  company  is  in  urgent 
need  of  several  first   class   men. 

647  Engine  Designers  One  or  two  men  with  experience  are 
wanted  immediately   by   company    in   Chicago. 

645  Petroleum  Engineer;  salary.  $3.O0O-$4,0O0  per  year.  Asso- 
ciate petroleum  engineer;  salary.  $2,200-$3,000  per  year. 
Assistant  petroleum  engineer;  salary.  $l.S00-$2.200  per  year. 
Applications  rated  as  received  until  further  notice.  Apply  to 
United  States  Civil  Service  Commission,  City  of  Washington, 
for  Form  211s. 

649  Layout  Draftsman  Fast  worker,  preferably  with  some  ex- 
perience on  engine  work,  is  wanted  by  an  airplane  company 
in   New  Jersey. 

*650  Engineer,  skilled  in  sheet  metal  stamping,  drawing  and  die 
work;  must  have  both  technical  and  practical  knowledge  and 
be  capable  of  designing  and  supervising  the  design  of  dies 
for  small  and  medium  size  metal  stampings,  some  of  which 
will  be  of  a  very  complicated  character.     Location.  Michigan. 

♦651  Engineer  to  take  charge  of  research  laboratory  located  at 
Cleveland   and  conduct  engine   tests 

652  Draftsman-Designers  are  wanted  immediately  for  work  in 
New  York  City  Preference  will  be  given  to  men  from  the 
vicinity  of  New  York  '  'ity  who  are  experienced  in  automo- 
tive work  and  general  machine  design.  Salary  depends  on 
the  man. 


See    announcement    at 
Service    column,    p.   68. 
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The     Bearing     User     Wants 

UNIFORM    Ball    Bearings,    Not 

Two  or  More  Poor  Ones  Out  of 

Every  Hundred 

I  >ur  investigation  has  shown  that  in  the  past  the 
halls  have  invariably  been  the  weakest  part  of  the 
bearing.  Consequently  we  have  directed  our 
energies  to  the  development  of  better  balls.  As 
the  result,  we  have  found  turned  balls  to  be  far 
superior  to  all  others. 

(  )ne  has  only  to  glance  at  the  abo\  e  photographs 
to  see  that  the  profound  mechanical  deformation 
which  the  steel  suffers  in  cold  heading  or  hot 
Forging  balls  causes  severe  initial  internal  strains 
and  stresses  which  are  liable  to  produce  cracks 
that  will  cause  premature  fatigue  and  failure 
when  the  balls  are  placed  in  service. 

■Alien  balls  are  turned,  on  the  other  hand,  the 
normal  condition  of  the  steel  is  perfectly  pre- 
served and  consequently  there  is  no  danger  of 
fatigue. 

The  "Dragon"  fur  June  tells  the  whole  story. 
Ask  us  tu  send  you  a  copy. 

The     Fafnir     Bearing     Company 

Conrad     Patent     Licensee 

New  Britain,  Conn. 

CHICAGO.    ILL.      53  7    South    Dearborn    St. 
DETROIT.   MICH.       120    Madison    Ave.,    Room    511 
CLEVELAND,    OHIO.      1016-1017   Swetland   Bldg. 
NEW  YORK,   N.  Y.      5   Columbus   Circle 
NEWARK,   N.   J.      271    Central    Ave. 
PHILADELPHIA,    PA.       1427    Fairmont    Ave. 


What  Is  the  Cost 
of  Poor  Ignition? 

Usually  the  condemnation  of 
the  entire  vehicle  by  its  owner 
because  of  lost  time  and 
annoyance. 

Scintilla  ignition,  by  reason  of 
its  sound  engineering  design 
and  splendid  construction  has 
proved  its  unfailing  reliability 
in  all  classes  of  service.  Wit- 
nessed by  its  universal  success 
in  automobile  racing,  aero- 
nautics and  by  its  choice  as 
standard  equipment  by  the 
most  critical  passenger  car, 
truck  manufacturers  and  fleet 
operators. 


SCINTILLA    MAGNETO    CO.,    INC. 
225    WEST    57th    ST.,    NEW    YORK 
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VEHICLE  HARDWARE 


Lamp  Brackets 

Hinges 
Hood  Fasteners 


No.   9503 


No.  9507 


MALLEABLE   IRON   CASTINGS 


The  Eberhard  Manufacturing  Co. 


CLEVELAND,  OHIO 


Side   View 

FLATLITE 

All  Light  Directed  Right 


Front  Vi«w 


'  'A  11  the  Light— Directed  Right ' ' 

FLATLITE  REFLECTORS 

assure  perfect  road  illumination  and  are  ap- 
proved for  use  with  clear  glass  lenses,  in  every 
state. 

There  Is  No  Glare 

These  scientifically  constructed  reflectors  are 
figured  with  highly  polished  silvered  parallel 
fluted  stripes,  so  controlling  the  rays  of  light 
as  to  insure  safety  to  driver  and  approaching 
car. 

STANDARD  EQUIPMENT  ON  CHAND- 
LER, CHEVROLET,  OLDSMOBILE, 
PAIGE,  JEWETT  and  CLEVELAND. 

Write  Today  for  Complete  Information 

THE  AMERICAN  FLATLITE  CO. 

4900  Spring  Grove  Ave.,      Cincinnati,  Ohio 
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DROP  FORGINGS 

BACKED  BY  40  YEARS'  EXPERIENCE 

ANYTHING  THAT  CAN  BE  DROP  FORGED   UP  TO  300  LBS.     ANY  ANALYSIS  OF  STEEL 

TYPICAL  TRUCK  FORGINGS 

RADIUS    ROD    38    LBS. 


MODERN 


METHODS 


AH 


FACILITIES 


UNION  SWITCH  &  SIGNAL  CO. 

DROP    FORGE    DIVISION 
Pittsburgh  District  Swissvale,  Pa. 


Twelve  Advantages  of  Standardization 


DESIGNING 

(1)  Simplifies  General  Design  Work 

(2)  Proven  Engineering  Practice  Assured 

MANUFACTURING 

(3)  Number  of  Sizes  Reduced  to  the  De- 
sirable Minimum 

(4)  Production  Costs]  Longer   Production 

of  Many  Parts     I  R  ^uns,  _    ._    , 
_    -        j  rKeduced  tool  Costs 

Keduced  j  Overhead  Per  Piece 

Because  of  J      Reduced 

(5)  Inventories  are  Reduced 

(6)  Sources  of  Supplies  are  Increased 


MARKETING 

(7)  Competition  is  Encouraged 

(8)  Larger  Export  Business  is  Made  Pos- 
sible 

OPERATING 

(9)  Service  is  Simplified 

(10)  Less  Time  "Out-of-Service" 

SERVICING 

(11)  Repair-Parts  Stock  Reduced 

(12)  Replacements  Facilitated 
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The  World's  Most  Famous  Pencil 


\TENUS 
PENCILS 

The  largest  sJling  Quality 
pencil  in  the  world 

First  in  the  estimation  of 
engineers  because  of  the 
dependable  smoothness, 
firmness  and  uniformity 
of  the  lead. 

1 7  Black  Degrees  3  Copying 

For  bold,  heavy  line.  .  .  6B.5B-1B-3B 
For  writing,  sketching  .  2B-B-HB-T-H 
For  clean,  fine  lines  .  2H-3H-4H-SH-6H 
For  delicate,  thin  lines  .  ,  .  7H-8U-9H 
Plain  Ends,  per  doz.  .       81,00 

Rubber  Ends,  per  doz.      .         1.20 

At  Stationers  and  Star-*  throughout  the  World 

American  Lead  Pencil  Co. 

Dept.  EN 
227  Fifth  Ave.,  New  York 

also  London,  Eng. 


ESTEEMED 

All  over  the  world,  wherever 
motor  ears  are  used,  three 
million  drivers  of  every  race 
and  nationality  know  and  trust 
the  Nasel  ammeter.  Speaking 
hundreds  of  languages  and  rep- 
resenting scores  of  different 
civilizations,  all  use  the  same 
sensitive  instrument  to  tell  the 
condition  of  the  generators  and 
the  loads  the  batteries  are 
carrying. 


AMMETER 


HHEW.GHAGEL  ELECTRIC  C04 

TOLEDO       OHIO 


MEMBERS'  PROFESSIONAL 
CARDS 


Francis  W.  Davis 

CONSULTING  ENGINEER 

DESIGN — DEVELOPMENT — TESTS — OPERATION — MOTOR 

CARS— TRUCKS— AUXILIARY   EQUIPMENT 

COMPLETE  EXPERIMENTAL   DEPARTMENT 

METZ  BUILDING  WALTHAM,  MASS. 


a-ir  Ethelbert  Favary 


Author  of  Books  on 
Motor  Vehicle  Design 

AUTOMOTIVE    TRANSPORTATION  PROBLEMS 
REPORTS    DEVELOPMENT    DESIGN    RESEARCH 

Engines  and  Chassis  Redesigned  for  Quantity  Production. 

Machines  and  Devices  designed,  constructed  and  tested. 

Complete   Drafting  and  Machine  Shop  Service 

17  W.  42nd  St.,  New  York  Longacre  10134 


Chu.    M.    M*nlj.    t\  M  1  |       T  T  l      C.    B.    Veal. 

1 t  £. E  Manly  and  Veal     t  ivi 

[Consulting   Engineers) 

mechanical — automotive — industrial 
Coordination  of  engineering  and   manufacturing  requirements  In   tne   de*lja. 
production  and  operation  of  automotive  power  plants  and  vehicles. 

Deilgn,  Development,  Specifications.  Organization, 

Inspection,  Investigation,  Tests  and  Reports 

S5D  West  54th   Street,  New  York  City. 


S.   A.   E.,  Neno  York 


A.  S.  M.  E..  New  York 


I.   A.    E3-.   London 


Cornelius  T.  Myers,  M.  E. 

Consulting  Engineer 

Reports — Design — Tests — Development 

Cooperation  on  Purchase  and    Upkeep  of  Trucks,    Busea  and   Rati  Cars. 
RAHWAY   NATIONAL   BANK    BLDG.  RAHWAY.   N.   i 


E.  PLANCHE,  AM.,  S.A.E.,  A.S.M.E. 

Consulting  Engineer,  Automotive  Designer  and  Builder 

Development    Work    on    Motors,    Chassis,    Bodies    and    Accessories. 

Special  Designs  for  Economical  Operation  of  Motor  Cars. 

Special  Designs  for  Economical  Building  of  Automobile  Bodies. 

GENERAL    MOTORS    Bl'ILDING,    ROOM    5-110, 
DETROIT,    MICH. 


S.  A.  E. 
A.  H.  T.  A. 
A.  S.  M.  E. 


O.  E.  Szekely  Co. 

MOLINE,  ILLINOIS 


N.  G.  E.  A. 

N.  A.  F.  E.  M. 


Mechanical  and  Automotive  Engineers. 
Bngi sting   and    Laboratory    Departments.      Complete   Experimental   Equip- 
ment.     Testing    Machines.      Universal    Machine   Shop  and   Pattern   Shop    for 
Single   Piece   Reproduction  of    Our  Designs. 


Williams' 

Superior 

Drop-Forgings 

Are  forgings  of  quality, 
made  by  "The  Drop-Forg- 
ing People"  with  nearly 
half  a  century's  experience 
behind  them. 

J.     H.     WILLIAMS     &    CO. 
"The    Drop-Forging    People" 

BROOKLYN     BUFFALO    CHICAGO 


■J  II  Hi  .     1    '- 
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Here  is  probably  America's  most  fatuous  radiator — the 
National.  Both  the  Zig-Zag  Circular  and  Spiral  Tube 
Nationals  are  found  on  some  of  the  best  known  passenger 
cars,  trucks  and  tractors.  This  is  significant  and  should  be 
very  indicative  to  you.  Quality  cars  require  quality  units. 
When  it  comes  to  the  radiator — select  the  National. 

NATIONAL  CAN  CORPORATION 


Radiator  Division 


Detroit,  Michigan 


Pressed  Steel  Frames 

Rear  Axle  Housing  Assemblies 

and 

Other  Heavy  Pressed  Steel 

Parts  for  the  Automobile 


A.  O.  SMITH  CORPORATION 

Milwaukee,  Wisconsin  Detroit:  708  Ford  Bldg. 
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Sterling  Is  the 

largeit 

producer  of 

Dash 

Ammeters  Id 

the  world  t 


THE  STERLING  MFG. CO 
CLEVELAND  OHIO 

U.S. A 


Sterling  Dash 

Ammeters 

are  made 

according  to 

S.  A.  E. 
standards. 


Model  500 

DASH  AMMETERS 

Standard    Equipment    on    many    of    America's    leading 

cars.      Their    simple    and    rugged    construction    adapts 

them  for  long  and  satisfactory  service. 

Volume  production,   long  experience,   modern  daylight  plant  of   fireproof 

construction,    up-to-the-minute    special    machinery,    economical,    efficient 

management,   low    "oTerhead"   expense,    a    beautiful   thoroughly    reliable, 

time-tested    product;    these    are    the    advantages    which    we    share    with 

those    car     manufacturers    who    make    STERLING    ammeters     standard 

equipment. 

Flush   or   projecting   cases   In   any  style   or  finish.      Etched   metal   dials 

finished  In  black  or  silver,  any  scale. 

Write    for   descriptive   matter,    samples    or    quotations. 


THE     STERLING    MFG.    CO. 

2831-53  Prospect  Ave.,  Cleveland,  Ohio 

Detroit    Office,    1309    Kresge    Bldg. 


How  Oil-Kipps 
Work 


Every  Oil-Kipp  is  a  complete  pumping 
unit  contained  in  a  heavy  die-cast 
aluminum  cup  carrying  several  months' 
supply  of  heavy  oil. 

They  are  operated  by  merely  pumping 
the  spring  pistons. 

Their    success    in     forcing    heavy    oil 

around  tight  fitting  bearings  is  due  to  a  Vertical  Oil-Kipp 

simple  hydraulic  principle. 

The  outstroke  of  the  plunger  creates  a  vacuum  in  the 
barrel,  so  that  oil  is  sucked  into  it  from  the  cup. 

The  instroke  of  the  plunger  puts  this  oil  under  pressure, 
because  the  plunger  is  so  small  in  diameter  that  each 
pound  of  pressure  exerted  on  the  handle  means  a  great 
many  pounds  in  the  pump. 

In  varying  locations  they  are  used  as  standard  equipment  on  Nash, 
Stearns,  and  Oakland  cars.  There  are  two  types,  vertical  and  hori- 
zontal. 


Madison-Kipp   Corporation,   Madison,   Wisconsin 

OH-Kipps 


N 


BRASS  FACTS 

Are    You    Wasting   Labor? 

The  Metallurgist  will  tell  you  that  you  are 
wasting  labor  when  you  manufacture  articles 
which  are  unsatisfactory  because  of  metal 
troubles. 

You  can  overcome  most  metal  troubles  by 
sheer  experience — trying  out  different  mix- 
tures, other  tempers,  changing  tools,  but — 
after  all  this  trouble  what  assurance  have 
you  that  you  will  not  have  to  plow  through 
this  again  the  next  time  you  tackle  similar 
work? 

In  our  121  years  of  experience  in  the  brass 
business — we  have  had  to  solve  many  brass 
problems.  We  learned  that  there  is  a  cor- 
rect alloy,  temper  and  gauge  for  each  job. 
To  maintain  production  that  particular  metal 
must  be  supplied  uniform  in  both  composi- 
tion, temper,  and  gauge.  Variation  from  any 
one    of   these    factors   will    make   trouble. 

We    can    help    you    to    determine     the   correct 
metal    for    the    job    and    at    the    same    time   we 
can  furnish  it   to  you   so  that  your  production 
will    not    be   interrupted   by  metal    troubles. 
Let's    get    together. 

Briiss     Mill    Prod  net n 
Manufactured   Goods  to    Order 

Mills    and    Factories — Water  bury,   Conn. 

suits   attires:   .Wic  York,   Chicago,   Boston, 

Cleveland,    Philadelphia    and    San    Francisco 


STABLISMED     1802 


OVIL 


UR1NC  C 


\ 


Border  illustrates  the  microstructure  of  Brass  Mag,  7Sx 


The  BUSINESS  POWER  of  LIGHT 

I  IKE  the  far-famed  illumination  of  the  Great  White  Way  of  N'ew  York, 
-*  brightly  lighted  motor  busses  advertise  your  service  and  attract 
patrons.  There  is  no  longer  any  question  about  the  power  of  light  to  pull 
business.  Night  service  by  busses  can  be  made  as  profitable  as  daylight 
operation. 
Leece-Neville  equipment  was  designed  to  improve  and  perfect  motor 
bus  operation.  It  is  the  first  lighting  and  starting  equipment  in  the  field 
with  ample  capacity  to  take  care  of  the  heavy  duty  requirements  of 
motor  busses.  Its  reliability,  efficiency  and  economy  are  recognized  by 
every  user.  Leece-Neville  Generators  and  Compensators  are  the  only 
equipment  which  automatically  cares  for  the  difference  in  current  re- 
quired between  day  and  night  operation.  Send  for  full  details. 


Leece-Neville  Electrical 

Equipment  is  furnished  on  the 

product  of 

Autocar  Company 

Brockway  Motor  Truck  Co. 

Mack  International  Motor 

Truck  Corp. 

The  White  Motor  Co. 

The  Haynes  Automobile  Co. 

and  a  number  of  others. 


THE 

LEECE-NEVILLE  CO. 

Cleveland,  0. 


LEECE-NEVILLE 

12  Volt   Lighting   Systems  for  Motor   Busses 
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Millions  of  Gallons 

of  TEXACO  lubricants 

are  used  today 

ILLIONS  of  gallons  of  Texaco  Lubricants  are  used  today  in 
power  plants,  factories,  mills,  on  railroads,  in  steamships,  and 


Back  of  our  widespread  production  resources,  mammoth  Texaco 
refineries  and  capable  delivery  service  are  working  night  and  day 
to  supply  the  oil  needs  of  a  steadily  increasing  number  of  new 
customers  in  all  parts  of  the  world. 

TEXACO  doesn't  often  lose  a  customer 

The  suitability  of  Texaco  Lubricants,  their  quality,  their  uniformity, — in 
barrel  after  barrel,  month  after  month, — these  things  cannot  fail  to  commend 
them  to  all  interested  in  securing  the  right  oil  for  the  right  place. 

The  success  of  Texaco  Lubricants  is  bound  up  with  Texaco  Lubrication 
Engineering  Service.  This  consists  of  giving  our  customers  the  benefit  of 
the  experience  of  our  staff  of  highly  trained  lubrication  specialists.  As  a 
matter  of  tact,  even  betore  we  take  your  order  we  shall  be  glad  to  have  a 
Texaco  Lubrication  Engineer  make  a  survey  of  your  plant;  after  which  he 
will  indicate  the  right  kind  and  the  right  amount  of  lubricant  for  every  type 
of  unit  or  machine — in  every  department. 

Texaco  Lubhicants  are  stocked  in  over  600  Texaco  Warehouses  in 
all  parts  of  the  country;  and  are  ready  for  shipment  in  any  quantity, — 
tank  car,  barrel  or  can;  by  water,  rail  or  truck  with  Texaco  prompt- 
ness. 

//  there  should  be  no  warehouse  or  Texaco  Station  in  your  city,  write 
us  here,  or  address  our  nearest  district  office,  and  your  oil  require- 
ments will  be  promptly  and  fully  cared  for. 


The    Texas    Company 

17  Battery  Place,  New  York  City 

New  York  Chicago  Houston 

Offices  in  Principal  Cities 


DOHNER 

COMPRESSION 

COUPLINGS 

1— AAA/> 


BEFORE 
COMPRESSION 


AFTER 
COMPRESSION 


^/-COPPER,  BRASS  orSTEEL 
TUBE5  for  GAS,  CASOLENE 
OIL,WATER,STEAM  or  MR 

Approved  by  Undervfriters  Laboratories 
ASK  US  FOR  DATA  SHEETS 

OHIO  METAL  PRODUCTS  CO. 

Dept.  K  Dayton ,  Ohio. 

Safes  Office,  Free  Press  Dldg.,  Detroit.  Mich. 


The  Universal 
Push  Button 


PERFECT      CONTACT       IS 
SECURED  ON  ANY  ANGLE 


More    Than   Two  Million  in    Use 

The  General  Phonograph 
Mfg.  Co. 

(Formerly  named  The  Gnrford   MfB.  Co.) 

Elyria,  Ohio 


SIMPLICITY  -RUGGEDNESS 
EFFICIENCY-RELIABILITY 


w4lways    associate  these  qualities  with 


MAGNETO 


A   BETTER    SPARK 


IN  A  SIMPLER  WAY 


Conforms  to  S.  A.  E.  Standards 

^P1      THE  TEAGLE  CO.,  Cleveland,  O. 

You  want  to  know  more  about  this  timpimst  magneto— 
write  1128  Oregon  Avenue  for  detail*. 
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TireeqfaKind 

A  COMBINATION  HARD  TO  BEAT 


s:  A  Society  worth 

while 


Gears  of  Quality 

Differentials  Bevels 
and  Spiral  Bevels 
Transmission  Gear 
Sets 


An  Association 

that    raises    the 
standard  of  all 


Th  e\Lvn  Dobs  &  Dcttq2«  Co. 

Gear  Specialists 

CLEVELAND,  OHIO 


..:..:,.., ...u..,.,,:  ;„.; : 


—• ~  -""T  "TT  TT-rrs. 


Good  Equipment 
Builds  Good  Will 

Adopt 

Arrow  Grip  Jacks 

Handle  Controlled 

as   standard   equipment   and   insure   satisfaction- 
service. 

Built  for  dependability  and  convenience. 
Worm  and  nut  type  of  lifting  mechanism. 
Operated  from  a  standing  position — a  few  easy 
turns  of  the  long  extension  handle  raises  or  low- 
ers the  car.  Hands  and  clothes  are  kept  clean. 
Broad,  topple  proof  base  gives  firm  foundation  on 
any  kind  of  ground. 

Two  sizes  tit   all  cars  and  trucks. 
Pack  in  small  space. 

Correspondence  Invited 

Arrow  Grip  Mfg.  Co.,  Inc. 

100-120    Cooper    St. 
Glens   Falls,  N.  Y. 

Export    Office:   280   Broadway,  New    York 


MULTIBLADE   FAN 


DETROIT    CARRIER    &    MFG.    CO. 

DETROIT,  U.  S.  A. 


THE  WM.  D.  GIBSON  COMPANY 

1800  CLYBOURN  AVENUE 
CHICAGO,  ILL. 


Manufacturers  of  high  grade 

SPRINGS 

OF  EVERY   DESCRIPTION 


SPRING  FORMULAS 

NOTATION 

w 

-LOAD 

IN    POUNDS 

D 

-MEAN 

DIA    COIL  (INCHES) 

d 

-DIA.  WIRE  (ROUND)      " 

N 

-  NUMBER  OF  COILS  (ACTIVE) 

G 

-TORSION    MODULUS  (|1    500,000) 

f 

-DEFLECTION  (IN  INCHES) 

S 

-TORSIONAL   STRESS 

w    = 

3.14  S  d1 
8D 

w    = 

fGd4 

8ND* 

In  a  spring  with  ends  squared  and  ground  N  is  the 
total  number  of  coils  minus  2. 

Maximum  stresses  permissible  vary  with  conditions 
—from  a  safe  maximum  of  40,000  for  high  speed  engine 
valve  work  to  as  high  as  110,000  for  static  loads  and  ordi- 
nary temperatures. 

Co-operation  with  your  engineers  in  specific  cases 
is  one  of  our  lines  of  service. 


WE   MAKE   SPRINGS    FOR  ANY    PURPOSE 
[N    ANY    MATERIAL 


CARBON   STEELS— ALLOY   STEELS  -PHOSPHOR 

BRONZE-  BRASS— MUSIC   WIRE  —  SPECIAL 

MATERIALS 


COMPRESSION         EXTENSION         FLAT         TORSION 
SPECIAL  SHAPES 

We    have   the   above  on   celluloid   cards.      WRITE  FOR  ONE. 
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diuilders  to  the  most  discriminating 
passenger  car  and  truck  manufacturers 
in  the  United  States  and  Europe. 


UNION  DRAWN  STEEL  COMPANY  0ablt  ^™™mm>^*. 

BRIGHT  FINISHED  STEEL 

Manufacturer!    of 

Cold    Drawn    and    Turned    and 

Polished  Shafting  and  Free 

Cutting  Screw  Steels 

and 

Cold     Drawn      Steel     Squares, 

Flats   and   Hexagons 

Cold    Drawn    Special    Shapes 

Cold    Drawn    or    Turned    and 

Polished  Pump  and  Piston  Rods 

Cold  Drawn  Elevator  Gnides 

Cold   Drawn   or  Turned   and 

Polished    Axles 


NEW  YORK" 

Cold    Drawn     or     Turned     and 

Polished  One  Per  Cent,  and 

Three    and    One-Half    Per 

Cent.   Nickel   Steels  and 

Chromium    Steels 

Vanadium  Steels 

Nickel-Chromium    Steels 

Chrome-Vanadium  Steels 

Bright  Bessemer,  Open  Hearth, 

Alloy    and    Electric   Steels 

For    Special    Work    Id    a    Wide    Range 
of   Analyses 

Complete  Laboratory  ant  Bent 
Treating  plant 


UNION  DRAWN  STEEL  COMPANY,   General  Offices  and  Works,  Beaver  Falls,  Pa.,  and  Gary,  Ind. 

BRANCH    OFFICES:    Boston,    Buffalo   and   Clmrland.      BRANCH    OFFICES  AND   WAREHOUSES:    Chicago,    Cincinnati.    Detroit,   New    York   and   Philadelphia 
Pacific    Coast    Representatives — The    Milton    Pray   Co.,    Monadnock    Bldg.,    San    Francisco  and    Washington   Bldg.,    Los   Angeles,    Calif,    and   L.    C.    Smith   Bldg.,    Seattle     Wash 

Foreign  Representative — W.    E.    Knight.    2    and   3    Norfolk   St..    Strand.   London,    England.    W.    C.    2. 


METALLURGICALLY  AND  MECHANICALLY  SUPERIOR 


"TWISTLESS  FORGED"  CRANK  SHAFTS 


MADE    BY 

CANTON  DROP  FORGING  &  MFG.  COMPANY,  CANTON,  OHIO 


"PRODUCTS 
THAT  STAND 
THE  TEST" 


Manufacturers  of — 
GASOLINE  GAUGES 

OIL  LEVEL  GAUGES 

WELDED  STEEL  RINGS 
AND  BANDS  FOR 

FLYWHEEL  GEARS 

SPROCKETS,  ETC. 

6"  to  60"  in  Diameter 


THE    AKRON-SELLE    CO 


AKRON,  OHIO 

35  Years  in  Business 
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THE  BEARINGS  COMPANY 

OF  AMERICA 
♦  ♦  ♦ 

Angular   Contact   Radial   Bearings   and     Angular    Contact 

Thrust   Bearings. 

Manufacturers   of  Thrust   Ball   Bearings  for  all  sizes  and 

types   of   machines 

Standard     sizes    of    Thrust    Ball    Bearings     and     Special 
Thrust   Ball   Bearings 


Your  inquiries  solicited 


Detroit   Office  : 
1012    Ford    Bldg. 


Factory : 
Lancaster,   Penna. 


Ill 


Motor  and  Transmission 
Department 

Let  us  know  fully  what  you  expect 
from  us  both  in  quality  of  work  and  in 
time  of  delivery. 

Our  equipment  and  organization  is 
such  as  to  qualify  us  for  meeting  your 
every  need  and  in  many  cases  doing  what 
might  seem  impossible  to  anyone  not 
familiar  with  our  resources. 

Write  for  the  L.  M.  F.  Book- 

Foundry  Quality  Die 

Department  Castings 


More  than  once  our 
quotations  have  proved 
our  claim  of  being  spec- 
ialists in  saving  expense 
in  the  casting  of  Alumi- 
num, Manganese,  Phos- 
phor Bronze,  Bearing  and 
all   Non-Ferrous   metals. 


Quality  Die  Castings 
present  a  real  saving  in 
costs  for  jigs,  tools  and 
fixtures  and  our  exclu- 
sive process  enables  us 
to  assure  deliveries  in 
less  time  than  you  might 
expect. 


I  Light  Mfg.  &  Foundry  Co.  j 

POTTSTOWN,  PA.,  U.  S.  A. 

Ill 


Tiu  fle^Oil,  Water  and  Gasoline  Lines  for  Automobiles,  Trucks  and  Tractors. 

2  5  0,000 

TITEFLEX  LINES  INSTALLED  IN  THIS  SERVICE. 


^^^s^^^^sss^^g^ussg^a^ 


lines  furnished  with  couplings  as  complete  assemblies  make 
installation  quick  and  easy. 

TITEFLEX  METAL  HOSE  CORPORATION 

BADGER  AVE.  and  RUNYON  ST.  NEWARK,  N.  J. 
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NOTICE 


Effective  July  1st,  1921,  a  5%  discount  from  Collision 
premiums  on  Commercial  automobiles  is  permissible  for 
the  attachment  of  an  approved  front  bumper  and/or  an 
approved  radiator  guard.  (5%  shall  be  the  maximum 
reduction,  even  when  both  bumper  and  guard  are  at- 
tached.) This  reduction  shall  apply  to  full  coverage, 
$50  deductible,  and  $100  deductible. 

This  reduction  in  premium  should  make  it  worth  your 
while  to  investigate  the  merits  of  the  Mansfield  Front 
Bumper,  Standard  and  Packard  Special  Radiator  Guards, 
all  of  which  have  been  "Listed  as  Standard"  by  the 
Underwriters'  Laboratories. 

MANSFIELD  STEEL  CORPORATION 


954   East   Milwaukee  Avenue 


Detroit,   Michigan 


THE  G  &  O  MANUFACTURING  CO. 


Tubular    and    Honeycomb    Radiators 
NEW  HAVEN 


CONN. 


StotlonoX    Vimo 

ahvwing    simple 

construction 


The 

Handy 

Governor 


Thousands  in  use  on  trucks 
and  tractors  giving  splendid 
satisfaction. 

Made  in  standard  sizes  for 
motors  ranging  from  100  to 
650  cu.  in. 

Our  engineering  department 
will  be  glad  to  discuss  your 
governor  problem.  Literature 
on  request. 

Handy  Governor  Corporation 

3021  Wabash  Ave.  Detroit,  Mich. 


FULLER-LEHIGH 

Pulverized  Coal  Equipment  is  economically  preparing  and 
burning  over  40,000  tons  of  various  grades  of  coal  per  day 
for  Boilers  and  Industrial  Furnaces. 

EQUIPMENT  INCLUDES 

Pulverized  Mills,  Air  Separator  and  Screen  Type;  Crushers; 
Dryers  ;  Feeders ;  Burners — Horizontal  and  Vertical  Types  ; 
Fuller-Kinyon  Conveying  Systems. 

Let  us  give  you  more  detailed  information. 

FULLER-LEHIGH  CO. 

Fullerton,  Pa. 


Shuler  Front  Axles 


The  Shuler  Axle  Company  makes  front  axles 
exclusively.  Concentration  of  all  our  experience 
and  energy  on  thi.->  one  vitally  important  major 
unit  should  and    i.s  producing  a  .superior   1mm 

Write  for  any  further  information  desired. 


Our  engineers  will  co- 
operate to  develop 

the  most  efficient 
Shuler  From  \xle  for 
you. 


Shuler  Axle  Company,  incorporated 


J011  JONES  STREET 


LOUISVILLE.  KENTITKY,  U.S.  A. 


Johns-Manville  Aids  Buyers 
of  Automotive  Equipment 

Automotive  Engineers,  in  the  market  for  auto- 
motive equipment,  will  find  Johns-Manville 
Engineers  ready  to  offer  co-operative  service 
on  Johns-Manville  automotive  equipment,  at 
any  of  our  branches.  Johns-Manville  serves  all 
industry,  the  automotive  being  one  of  many 
in  which  we  have  specialized. 

Write,  wire  or  phone  our  nearest  branch. 


JOHNS-MANVILLE 
Automotive  Equipment 


Non-Burn     Asbestos    Brake     Band 

Lining 
Johns-Manville      Asbestos      Brake 

Lining   for  Ford  Cars 
Johns-Manville     Asbestos     Clutch 

Rings  and  Facings 
Johns-Manville    Speedometers 
Johns-Manville   Hub   Odometer 
Johns-Manville  Auto  Tape 
Johns-Manville   Automotive  Pack- 
ings 


THECONTI 


JOHNS-MANVILLE,  Inc. 


New  York  City 


Branches  in  56  Large  Cities 
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Manufacturers 
Model 


This   model   especially   built  for    car 
manufacturers  is  rapidly  being  adapted 
as    standard    equipment    by     leading 
makers.   Full  information  on  request. 
The  Folberth  Auto  Specialty  Co. 


Cleveland 


Ohi. 


s^Ju  to  ma  tic 
AWfDSHIELD  CLEANER 


C/Ae 

BENDIX 

/"v   ELECTRIC 
STARTERS 


AUTOMATIC  ENGAGING 
&  DISENGAGING 


Standard  Equip- 
ment on  the  Elec- 
tric Starters  of  a 
Large  Majority  of 
the  World's  Motor 
Cars  and  Trucks. 

ECLIPSE  MACHINE  CO. 

ELM  IRA       »  N.V.  » 

WalkerTllle.    Ontario 


DURSTON 

TRANSMISSIONS 

For  passenger  cars  and 
trucks  up  to  one-ton 
capacity.  Investigate 
their  adaptability  to 
your  requirements. 

DURSTON     GEAR     CORPORATION 

134  Maltbie  St.,  Syracuse,  N.  Y. 


SHEET  METAL  STAMPING 

We  are  building  axle  housings,  brake  drums, 
and  other  parts  for  the  heaviest  motor  trucks  ever 
built,  and  have  ample  capacity  for  still  heavier. 

With  our  complete  equipment  we  cover  the  entire 
sheet   metal    stamping    line. 

We   solicit   your   inquiries. 

THE    CROSBY    COMPANY 

"MW*    BUFFALO,   N.  Y.    "^OTd?* 

PHILADELPHIA   OFFICE 
New  York   Office:   30   Church   Street 


-«7 


Bolts — Nuts 

Rivets 

Washers 

and 

Forgings   for 

Automotive 

Construction 


The    Columbus    Bolt    Works    Co. 

COLUMBUS,   OHIO 


FIBREBOARD 


CARDBOARD  PARTS 


AUTOMOBILE  BODIES 


We  Supply  Accurately  Die  Cut 
PANELS 

BREAKOVERS 

GASKETS 

Cardboard  Cutting  &  Supply  Co. 


1571  WELLINGTON  AVE. 


DETROIT 


AUTOMOBILE  LAMPS 

We  are  completely  equipped  to 
produce  motor  vehicle  lamps,  whether 
of  electric,  gas  or  oil  construction,  in 
any  quantity  desired.  We  solicit  the 
privilege  of  submitting  samples  and 
quoting  prices. 

The  Jno.  W.  Brown  Mfg.  Company 

Columbus  Ohio 


BiflexZ 


Spring 
mper 


Blocks  other  bumpers  of  all  heights. 
"Full-looped"  ends  provide  recoil 
which  absorbs  terrific  crashes.  Biflex 
Brackets  can't  come  loose  or  rattle. 
There's  onlv 
Biflex— the 
Orijjinnl. 


One 


BIFLEX    PRODUCTS    CO. 
Waukegan,    111. 

'Protection   trith  Distinction" 
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HARDNESS  MEASUREMENTS 


$?&•  The  SCLEROSCOPE 

Are  comparatively  rapid   imrl   inexpensive. 

Iin  not  mar  finished  surfaces. 

Do  not  strain    and   start  fractures  in   metal. 

The  only  instrument   that  can   l>e  applied   to  dead 

soft   metals  and  Intensely   hard  steel. 
The    only     instrument     thai     measures     material 

from   extreme  thinness   to   unlimited    slse. 
Cheapest   to   install,  cheapest    t«»  maintain. 
Recognized    us    International    standard. 
Send   for   free   literature. 

THE  SHORE  INSTRUMENT 
&  MFG.  CO. 

Van  Wyck  Avenue  and  Carll  Street 
Jamaica,    New  York 


Laminated  Shims  are  made  of  thin  layers  of  brass, 
which  are  peeled  off  to  secure  the  thickness  re- 
quired for  accurate  bearing  adjustments.  Furnished 
babbitt-faced  or  plain.  In  standard  patterns  or  to 
order. 

LAMINATED  SHIM  CO.,  Inc.  «i* 

14th    St.    and    Governor    PI.,  ^W\ 

Long    Island   City,    N.   Y.  If     J 

Detroit:    Dime     Bank    Bnilding  ^^  ^  ^7 

St.    Louis:    Mnzura    Mf(?.    Co.  ^■^^ 


The  Heat  Is  There — 
Why  Not  Use  It? 


PERFECTION 

MOTOR  CAR  ^2 

HeaterS 


The  Perfection  Heater  &  Mfg.  Co. 

6545    Carnegie    Ave.,    Cleveland,    Ohio 


MARKO 

STORAGE     BATTERIES 


For 

Automobiles 

and    Radio 

Quality   Built 

Price  Right 

Service 
Guaranteed 


Built  to 
S.  A.  E. 
Standards 


ALWAyS  DEVEJVDA'BLE 

MARKO    STORAGE    BATTERY    CO. 
1402    Atlantic    Avenue.  Brooklyn.    R.    Y. 


'««VAlreNT^ES-~ 

No  system  of  Automobile 
finishing  can  give  proper  re- 
sults unless  each  material  of 
the  \\  item  b<  ars  the  proper 
relationship  to  all  the  othi  is. 

Three  properly  "engineered'*  sys- 
tems <a<-  described  in  our  Booklet 
.■>i  Automobile  Painting.  It  is 
vijiii  s  for  the  asking, 

VALENTINE  &  COMPANY 

Established    1832 
New   York         Chicago  Boston 


/  'alentine's     Standard 

System 


This  Book  Containing  Exact  In- 
formation  on  the  Latest  Devel- 
opments in  Steam  Engine  Prac- 
tice. 

Should  be  in  the  hands  of  Every 
Engineer. 


$4 


00 


r»si     ]»n  id 


The  Una-Flow  Steam  Engine 

By   J.    Stump! 


STUMPFLOW 


StURipf 

Una-Flow 

Engine  Co., 

Inc. 

206  E.  Genesee  St. 
Syracuse,  N.   Y. 


MOLTRUP'S 

Accurately  Finished  Free  Cutting  Cold  Drawn 

SCREW  STEEL 

is    specified    by    particular    manufacturers    of    high    grade 
automotive   parts. 

ROUNDS — HEXAGONS — SQUARES — FLATS 
COLD  DRAWN  SHAFTING  AND  SPECIAL  SHAPES 

Other   Moltrup    Products: 

Finished      Machine     Keys,     Standard     Woodruff     Keys,     Finished 

Machine  Rack,   Flattened,  Ground  and   Polished   Steel   Plates   and 

Discs,    Foundry    Pattern    Plates,    Finished    Crank    Shafts 

MOLTRUP  STEEL  PRODUCTS  CO.,  Beaver  Falls,  Pa. 


Counter  Balanced 
Crank  Shafts 

MADE  BY 

THE  PARK  DROP  FORGE  CO. 

CLEVELAND,    OHIO 
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Index  to  Advertisers'  Products 


Marketed  as  Conforming  With  S.A.E.  Standards  and  Recommended 
Practices,  and  Products  for  Which  There  Are  No  S.A.E.  Standards 


Absorbers,    Shock 

Watson  Co.,  John  Warren 
Alloys,   Aluinino-\  anadium 

Vanadium  Corporation  of  America 
Alloys,    Cupro- Vanadium 

Vanadium  Corporation  of  America 
Alloys,  Ferro-Molybdenuin 

Vanadium  Corporation  of  America 
Alloys,   Ferro-Tnns«ten 

Vanadium  Corporation  of  America 
Alloys,   Ferro-Vunadlum 

Vanadium  Corporation  of  America 
Alloys,    steel    I  See    Steels) 
\  l  n  ■■■  in  um    Alloys,  D104 

•Hoyt   Metal    Co. 
Ammeters,  B12 

•Nagel  Electric  Co.,  W.  Q. 
•Sterling   Mfg.    Co. 
Weitlnghouse  Electric  &  Mfg.  Co. 
Apparatus.  Charging,  Electric* 
Vehicle 
Westlughouse  Electric  &  Mfg.  do. 
Apparatus,  Laboratory 

Olsen  Testing  Machine  Co.,  Tinlua 
Axles,       Front,       Motor-Truck, 
Fib 
•Baton  Axle  Co. 
Sheldon    Axle   &    Spring    Co. 
Timken-Detroit  Aile  Co. 
Axles,    Front.    Passenger-Car 
Eaton    Aile    Co. 
Salisbury    Axle   Co. 
Timken-Detroit  Axle  Co. 
Axles,   Kear.   Motor-Truck 
Eaton    Axle   Co. 
Sheldon     \v!e   &   Spring  Co. 
Timken-Detroit   Axle  Co. 
Axles,   Kear,   Passenger-Car 
Eaton    Axle    Co. 
Salisbury   Axle  Co. 
Timken-Detroit  Axle  Co. 
Axles,    Trailer 
SsTlsburv    Axle    Co 
Timken-Detroit  Axle  Co. 
Babbitt.    D103 

•Franklin    Die-Casting   Corporation 
•Hoyt    Metal   Co. 
•Men*  Mfg.  &  Foundry  Co. 
•Muzay-Lyon  Co. 
Balls,     Brass,     Bronze,     Honel 
Metnl.  Aluminum 
Atlas   Ball   Co. 
Hoover    Steel   Ball   Co. 
Balls,    Hollow  Bronze  and 
Brass 
Hoover   Steel    Ball   Co. 
Balls.   Steel 

Hoover    Steel    Ball    Co. 
Bars,  Boring 

Williams  &  Co.,  J.  H. 
Bars.  Bronze 

Bunting   Brass  &  Bronze  Co. 
Mueller    Metals    Co. 
Batteries.  Storage,  B23 
•Marko    Storage    Battery   Co. 
•Westlnghouse  Union  Battery  Co. 
•Willard  Storage  Battery  Co. 
Bearings,  Babbitt   and    Alumi- 
num 
Bunting   Brass   A    Bronze    Co. 
Doehler  Die-Casting  Co. 
Franklin    Die-Casting    Corporation 
Bearings,   Babbitt  and   Bronze 
Bunting  Brass  &  Bronze  Co. 
Doehler  Die-Casting  Co. 
Hoyt  Metal  Co. 
Mueller   Metals   Co. 
Muzzy-Lyon  Co. 
Aenrlngs.    Ball.    Angular    Con- 
tact Type.  C33  to  CS3c 
•Bearings  Co.  of  America 
•Fafnlr  Bearing  Co. 
•Onrnev   Ball  Bearing  Co. 
•New  Departure   Mfg.   Co. 
•r    S.  Ball  Bearing  Mfg.  Co. 
•S    K   F   Industries.    Ine. 
Bearings,    Ball.    Annular.    Ex- 
tra   Small    Series,    C33 
•Fafntr    Bearing   Co. 
•New    Departure    Mfg     Co. 
•S    K   F   Industries.    Ine. 
•D.    S.    Ball    Bearing    Mfg.    Co. 


Bearings,  Ball,  Annular,  Ex- 
tra Large,  Light  and  Me- 
dium   Series,   C27  and   C29 

•Fafnir  Bearing  Co. 
•Gurney  Ball  Bearing  Co. 
•N    K    F   Industries,    Inc. 
•IT.    S.    Ball   Bearing    Mfg.    Co. 
Bearings,      Bail,     Annular, 
Light,  Medium  and  Heavy 
Series,  C26,   C28  and  C30 
•Fafnir  Bearing  Co. 
•Federal   Hearings  Co..   Inc. 
•Gurney  Ball  Bearing  Co. 
•New  Departure  Mfg.  Co. 
•Norma   Co.   of   America 
•S    K   F    Industries,    Inc. 
•Standard   Steel  &   Bearings.    Ine. 
•D.  S.  Ball  Bearing  Mfg.  Co. 
Bearings,   Ball.    Annnlar,    Sep- 
arable (Open)  Type,  C32 
•Fafnir  Bearing  Co. 
•New  Departure  Mfg.  Co. 
•Norma   Co.   of   America 
Bearings.  Ball,  Annnlar,  Wide 
Type,  C31 
•Brown-Lipe  Gear  Co. 
•Fafnir  Bearing  Co. 
•New  Departure  Mfg.  Co. 
*S    K    F    Industries,    Ine. 
•Standard    Steel   &   Bearings,    Inc. 
•TJ.  S.  Ball  Bearing  Mfg.  Co. 
Bearings,    Bronze 
Hoyt  Metal   Co. 
Mueller   Metal    Co. 
Muazy-Lyon  Co. 
Bearings.  Thrust,  Ball,  Clutch 
Release  Type,  C39 
•Bantam  Ball  Bearing  Co. 
•Bearings  Co.  of  America 
•Fafnir  Bearing  Co. 
•Norma  Co.  of  America 
•S    K   F   Industries,    Inc. 
•Standard    Steel    4    Bearings   Co. 
•TJ.  S.  Ball  Bearing  Mfg.  Co. 
Bearings,  Ball,  Thrust.  Slngle- 
Dlreotlon,    Flat-Face 
Type.  C35  and  C36 
•Rantnm  Ball  Bearing  Co. 
•Rearing*  Co.  of  America 
•Fafnir  Bearing  Co. 
•Norms  Co.  of  America 
•S    K   F    Industries,    Ine. 
•TJ    S.   Ball   Benrine  Mfg.  Co. 
Bearings.  Ball.  Thrust.  Slnerle- 
nirectlon.     Self  -  Aligning 
Type.  C37  and  C38 
•Bantam    Ball    Bearing   Co. 
•Bearings  Co.   of  America 
•Fafnir  Bearing  Co. 
•Vorma  Co.  of  America 
•TJ.   S.    Ball   Bearing  Mfg.   Co. 
Bearings.   Ball.   Thrnst,   Steer- 
ing Knuckle  Type,  C34 
•Bantam  Ball   Bearing  Co. 
•Bearings  Co.  of  America 
•Fafnir  Bearing  Co. 
•Norma  Co.  of  America 
•TJ.  S.  Ball  Bearing  Mfg.  Co. 
Bearings,    Roller,    Inch-Type 
Hvatt  Boiler   Bearing  Co. 
Timken    Roller   Bearing   Co. 
Bearings,  Roller,  Metric-Type. 
C43  and   C44 
•Bock  Bearing   Co. 
Bower  Roller  Bearing  Co. 
Gilliam  Mfg.   Co. 
Hyatt   Roller  Bearing  Co. 
•Norms  Co.  of  America 
•S    K   F    Industries,    Ine 
•Shnfer   Bearing   Corporation 
Bindings 

Carter  Co..  George  R. 
Blanks,  Gear 
Akron-Selle  Co. 

Canton  Drop  Forging  &  Mfg.  Co. 
Central  Steel  Co. 
Link-Belt  Co. 
Park  Drop  Foree  Co. 
Standard    Gauge    Steel   Co. 
TJnlon    Switch    *    Signal    Cj. 
Blanks,   Sprocket 
Akron-Selle  Co. 


Blocks,  Fuse  and  Junction 

Brigga  &  Stratton  Co. 
Boards,   Floor  and  Toe 

Parish   Mfg.   Corporation 
Bodies,  Passenger  Car 

Baker  R  &  L  Co. 
Bodies,  Motor  Trnck  Dump 

Mansfield   Steel  Corporation 
Boilers,    Steam,   Automotive 

Stunipf    Una-Flow    Engine   Co.,    Ine 
Bolts,  Carriage 

Columbus    Bolt   Works   Co. 
Bolts,  Connecting-Rod,  A5 

•Ferry  Cap  &  Set  Screw  Co. 
Bolts,  Eye 

Williams  &  Co.,  J.   H. 
Bolts,  Fender 

Columbus    Bolt   Works   Co. 
Bolts,  King 

Ferry  Cap  &  Set   Screw  Co. 
Bolts,  Spring  Shackle 
Bowen  Products  Corporation 
Ferry  Cap  &  Set  Screw  Co. 
Bolts,  Step 

Columbus    Bolt    Worka   Co. 
Bolts,  Tie-Rod 

Ferry  Cap  &  Set  Screw  Co. 
Brackets.  Fender 
Parish  Mfg.  Corporation 
Smith  Corporation.    A.   O. 
Brackets,   Rnnnlng- 
Board,   1123 
Crosby  Co. 

Parish  Mfg.  Corporation 
Smith  Corporation,  A.  O. 
Brake-Drums 
Crosby  Co. 

Parish   Mfg.  Corporation 
Smith  Corporation,  A.  O. 
Brass,   Laminated 

Laminated    Shim   Co.,    Inc. 
Breakers.    Circuit 

Dayton  Engineering  Laboratories  Co. 
Bronze    Alloys,    D108 

•Hoyt  Metal  Co. 
Buckram 

Carter  Co.,  George  R. 
Bulbs.   Incandescent  I, amp.  B3 

Wesringhonse  Electric  ft  Mfg.  Co. 
Bnmpers.  Motor  Truck 
Mansfield    Steel    Corporation 
Bnmpers.  Spring 

Thermold   Rubber  Co. 
Bnmpers,  Passenger  Car,  C55, 
and    112  I 
Blflex    Products  Co. 
•Stewart-Warner     Speedometer     Cor- 
poration 
Burners 

Fnller-Lehlgh   Co. 
Bn«h1ngs.  Bnbbitt 

Muzzv-Lvon  Co. 
Bushings.  Bronze 

Bunting    Brass    fr    Bronze    Co. 
Detlaff  Co..    A.   J. 
Hovt   Metal   Co. 
Mueller   Metals   Co. 
Muzzy-Lyon  Co. 
Buttons.  Electric  Push 

General    Phonograph    Mfg.    Co. 
Cable.  Insulated.  B33 

Kerite  Insulated  Wire  A  Cable  Co. 
•Packard   Electric   Co. 
Cabs,   Motor  Trnck 

Highland   Body  Mfg.    Co. 
Camshafts 

Canton  Drop  Forging  &  Mfg.  Co. 
Jackson   Motor  Shaft  Co. 
Park  Drop  Forge  Co. 
Wymnn-Gordon  Co. 
Cnps,   Mill, 
Crosby  Co. 
Caps.      Radiator      and      Tank. 
C.">Sn 
•Stewart- Warner     Speedometer     Cor- 
poration 
Cnrbnreters.    Cast    Iron,    A8 
•Byrne,    Kingston  &   Co. 
Zenith   Carburetor  Co. 
Carbureters.  Motorcycle 
Zenith  Carburetor  Co. 


Carbureters,  A8 

•Byrne.   Kingston  &  Co. 
•Stewart- Warner     Speedometer     Cor- 
poration 
Zenith-Detroit  Corporation. 
Cast  Brass  Alloys.  D106 

•Hoyt   Metal   Co. 
Castings,   Aluminum  •  " 
•Doehler  Die-Casting  Co. 
•Franklin    Die-Casting   Corporation 
Hoyt  Metal  Co. 
•Light    Mfg.    &   Foundry    Co. 
Scovlll  Mfg.  Co. 
Castings.   Brass*  • 
"Doehler  Die-Casting  Co. 
•Franklin    Die-Casting    Corporation 
•Light  Mfg.  &  Foundry  Co. 
Mueller  Metals  Co. 
•Scovill  Mfg.   Co 
Castings,  Bronze" 
•Doehler  Die-CaBting  Co. 
•Franklin  Die-Casting  Corporation 
Hoyt  Metal  Co. 

•  Light    Mfg.    &   Foundry    Co. 
Mueller  Metals  Co. 
Scovill  Mfg.  Co, 

Castings,   Die'* 

Doehler    Die-Casting   Co. 

•  Franklin  Die-Casting  Corporation 
Hoyt   Metal  Co. 

•Light    Mfg.    &    Foundry    Co. 
Mueller  Metals  Co. 
Castings,  Grey  Iron 

Link-Belt  Co. 
Castings,  Malleable  Iron,  D0 
•Eberbard  Mfg.  Co. 
•Link-Belt  Co. 
Castings,  Steel,  DY 

Link-Belt  Co. 
Chains,  Block 
Link-Belt  Co. 
Morse  Chain  Co. 
Whitney  Mfg.  Co. 
Chains.   Roller,   E3 
•Link-Belt   Co. 
•Whitney  Mfg.  Co. 
Chains.  Silent,  E2 
•Link-Belt  Co. 
•Morse  Cbaln  Co. 
Whitney  Mfg.  Co. 
Chains.   Tire.    Motor-Truck 

Arrow  Grip  Mfg.   Co..   Inc. 
Channels.   Window   Glass 
Dahlstrom   Metallic  Door  Co. 
Checks,   Door 

Carter  Co..  George  R. 
Clamps.  Hose,  CK1 

Sehrader'n  Son.    Inc..   A. 
Clamps.  Mnchinlsts* 
Ffherhard  Mfg.  Co. 
Williams.  J    H-.  *  Oo. 
Cleaners,    Windshield 

Folherth    Auto    Specialty    Co. 
dins.  Spring.  H3 

Columbus   Bolt   Works   Co. 
Clntches.   Engine  •• 

•Rrown-LIpe  Gear  Oo. 
Clutches,  Multiple  Disc,  Al 

•Detlaff  Co..   A.   J. 
Clntches.  Power  Transmission 

Link-Belt  Co. 
Colls.  Electrical   Equipment 
Acme  Wire  Co. 

Dayton  Engineering  Laboratories  C*. 
Condensation    Products 
Bakelite   Corporation 
Oondenslte  Co.  of  America 
General    Bakelite  Co. 
Redmanol    Chemical    Product!   Oo. 
Connecting-Rods 

Standard    Gange   Steel   Co. 
Connections.  Tire-Pump 

Sehrsder*«  Son.  Inc.,  A. 
Controls** 

•Brown-Line  Oesr  Co. 
Cooling  Svstems** 
•G  A  O  Mfg.  Co. 
•T/inr  Mfg.  Co. 
•National    Can  Co. 
Conollngs.    Flexible 
Thermold  Robber  Co. 

(Conlmurt   on    page   102) 


EXPLANATION  OF  SYMBOLS 


Parts  and  materials  followed  by  key  numbers  have  been  standardized  by  the  S.  A.  E.     The  numbers  refer  to  S.  A.  E.  Hani> 

OOK  data  sheets  on  which  each  standard  is  published.  «_i_j 

♦Companfes  whose  names  are  preceded  by  an  asterisk  supply  the  parts  or  materials  under  which  the  company  is  listed  as 

'♦PfirtranTMaferTa^fo^loled  by  two  Asterisks6 indicate  that  two  or  more  S.  A.  E.  Standards  are  applicable.     Information 

t    standards  incorporated  should  be  obtained  from  the  manufacturer. 

The  tdd?esses  of  companies  listed  in  this  index  can  be  obtained  from  their  current  advertisements  indexed  on  page  106. 
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/Vow  examine  the  Thermoid-Hardy  patented 
Fanwise  Construction.  The  disc  is  built  up 
Willi  Hi,-  .'•trawls-  of  each  fabric  layer  runitintj 
in  a  different  direction.  Each  sector  is  equally 
strong,  equally  elastic.  Every  stress  is  bal- 
anced  -the  torsional,  the  centrifugal,  and 
the  lateral*  This  eliminates  vibration  and 
holds  the  shaft  in  true  on  every  revolution. 


Abore  is  an  ordinary  fabric  disc, 
its  layers  of  fabric  laid  parallel.  The 
three  black  holes  are  the  driving  bolts 
—  the  three  irhitc  OflfJ  the  dnn ti .  JVo/i 
that  the  left  hand  driving  bolt  is  the 
only  0n9  that  Can  pull  in  the  direction 
of  the  cotton  strands.  The  other  two 
must  pull  on  a  bias.  This  stvtrbcs 
the  whole  disc  out  of  true,  causing 
vibration  and  "whipping*  of  the 
shaft. 


Both  fabric  discs— but  the 

resemblance  stops  there 


LIST  OF  USERS 

Allis  Cha'mers  Mfg.  Co. 
The  Autocar  Co. 
Available  Truck  Co 
Barley  Motor  CarCo.  (Roamer) 
Chandler  Motor  Car  Co. 
Crow-Elkhart  Motor  Corp. 
Jas    Cunningham  Son  &  Co. 
Dart  Truck  &  Tractor  Corp 
The  Dauch  Mfg.  Co. 
Diamond  T  Motor  Car  Co. 
Doane  Motor  Truck  Co. 
Fageol  Motors  Co. 
H    H.  Franklin  Mfg.  Co. 
Garford  Motor  Truck  Co. 
Gramm-Bernstein  Motor  Truck 

Co. 
Hawkeye  Truck  Co. 
Hendrickson  Motor  Truck  Co. 
Highway  Motors  Co. 
Holt  Mfg.  Co 
Indiana  Truck  Co. 
International  Harvester  Co.,  of 

A..  Inc. 
International  Motor  Co. 

iackson  Motors  Corp. 
^elsey  Motor  Co. 
Kentucky  Wagon  Mfg.  Co.,  Inc. 
King  Zeitler  Co 
Lakewood  Eng.  Co. 
Lexington  Motor  Co. 
Locomobile  Co. 
Maxwell  Motors  Corp. 
Menominee  Motor  Truck  Co. 
Mercer  Motors  Co. 
Moreland  Motor  Truck  Co. 


Why  one  universal  will  stretch 
while  the  other  holds  shaft  true 
on  every  revolution 

When  the  flexible  fabric  disc  first  began 
to  displace  the  metal  universal,  it  had 
one  big  fault — it  pulled  out  of  true  after 
a  few  thousand  miles,  causing  vibration 
and  "whipping"  of  the  entire  shaft. 

Not  until  the  famous  Fanwise  Con- 
struction of  the  Thermoid-Hardy  disc 
was  worked  out  did  the  fabric  universal 
become  a  practical  necessity. 

The  Thermoid-Hardy  Joint  was  per- 
fected to  eliminate  backlash  and  its  ac- 
companying troubles.  Its  flexible  fabric 
discs  cushion  even  the  heaviest  blows.  It 
transmits  a  smooth,  even  flow  of  power 
instead  of  jolts  and  lost  motion. 

Examine  the  Thermoid-Hardy  disc, 
with  its  patented  Fanwise  Construction. 
This  disc  is  built  up  in  layers,  but  the 
strands  of  each  layer  run  in  a  different 
direction.  The  result  is  an  even  stress  at 
every  point — an  equal  strain  between 
every  pair  of  bolt  holes. 

Contrast  this  construction  with  that  of 
the  ordinary  disc.  Its  layers  of  fabric  are 
laid  parallel.  This  means  that  only  the 
left  hand  driving  bolt  can  pull  in  the 
direction  of  the  strands  of  cotton.  The 


other  two  must  pull  across — on  a  bias. 
Stretching  of  the  disc  soon  follows. 

Famvise  Construction  gives 
enormous  strength 

Fanwise  Construction  has  added  to  elas- 
ticity a  rugged  strength.  The  Thermoid- 
Hardy  universal  withstands  a  torsional 
strain  that  twists  a  two-inch  steel  shaft — 
it  is  good  for  over  00,000  miles  on  a  heavy 
truck,  over  any  road,  and  without  at- 
tention of  any  sort. 

Thermoid-Hardy  discs  are  now  pack- 
aged for  distribution  through  jobbers  and 
dealers  for  replacement  sales.  Full  infor- 
mation, prices,  and  discounts  sent  on 
request. 

I  book  you  should  have 

We  have  prepared  a  book,  "Universal 
Joints — Their  Use  and  Misuse,"  that 
treats  the  subject  from  every  angle — the 
mechanical  principles,  construction,  lu- 
brication, manufacture,  strength  tests, 
and  records  of  performance.  Send  for 
your  copy  today. 

THERMOID    RUBBER   COMPANY 

Sole  American  Manufacturers 

Factory  and  Main  Offices*   Trenton,  N.  J. 

New  York,  Chicago,  Los  Angeles,  Atlanta,  Detroit, 

Seattle,  Kansas  City,  Boston,  Cleveland, 

San  Francisco,  London,  Paris,  Turin 


LIST  OF  USERS 

Nelson  &  LeMoon 

E.  A.  Nelson  Automobile  Co. 

Nelson  Motor  Truck  Co. 

D.  A.  Newcomer  Co. 

O'Connell  Motor  Truck  Co. 

Oliver  Tractor  Co. 

Oneida  Motor  Truck  Co. 

Packard  Motor  Car  Co. 

Parker  Motor  Truck  Co. 

Patriot  Motors  Co. 

Reliance  Motor  Truck  Co. 

Reo  Motor  Car  Co. 

Reynolds  Motor  Truck  Co. 

Root  &  Van  Dervoort  Eng.  Co. 

Sanford  Motor  Truck  Co. 

Southwark  Fdy.  &  Mach.  Co. 

Stoughton  Wagon  Co. 

Studebaker  Corp. 

Stutes  Mar  Tractor  Co. 

Templar  Motors  Co. 

Tioga  Steel  &  Iron  Co. 

Towmotor  Co. 

Traffic  Motor  Truck  Co. 

Transport  Truck  Co. 

Twin  City  Four  Wheel  Drive 
Co.,  Inc. 

United  Motors  Co. 

Walter  Motor  Truck  Co. 

Ward  La  France  Truck  Corp., 
Inc. 

Geo.  D.  Whitcorab  Co. 

Wichita  Motors  Co. 

H.  E.  Wilcox  Motor  Co. 

Willys-Overland,  Inc. 

Zeitter  &  Lamson  Truck  &  Trac- 
tor Co 


Thermoid'Hardy 

UNIVERSAL  JOINT 

Makers  of  "Thermoid  Hydraulic  Compressed  Brake  Lining"  and  "Thermoid  Crolide  Compound  Tires'* 
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Index  to  Advertisers'   Products 


Crimen,   Portable   Electric 

Uuk-Belt   Co. 
Cruuk»liall« 

Canlun  1'jop  Forging  4  Mfg.  Oo. 

Jacks.. u    Motor   Shaft   Co. 

Moltrup    steel    Products   Os. 

Park  lnop  torge  Co. 

Standard    Cause    Steel   Co. 

Union    Switch   &   Signal    Co. 

Wyuian-Gordon  Co.  ~K~ 

Cups,  Oil   and  Grease,  C57 

•  Kowen   Product"  Corporation 
Cutouts,  Regulator 

BriggB  4  Stratton  Co. 
Cutouts,    Keverse   Current 

Briggs  *  Stratton  Co. 
Cullers,  Milling 

Uaynea  Stellite  Co. 
Culle'"",   Woodruff 

Whitney  Mfg.  Co. 
Dashes 

Parish  Mis-  Corporation 
Dors,  bathe 

Williams  Si  Co.,  1.  H. 
Door-Caps 

nnhlstroin    Metallic    Door    Co. 
Drive.  Starting-Motor 

Eclipse  Machine  Co. 
Orop-Forgings 

r'smon   Drop  Forging  4  Mfg.  Co. 

Champion    Machine   *    Forging   Co. 

Columbus  Bolt   Works  Co. 

Park   Drop  Forge  Co. 

Sheldon   Axle   &   Spring  Co. 

Splcer    Mfg.   Corporation 

Union    Switch    &    Signal    Co. 

Universal    Machine  Co. 

Williams  4  Co..   J-  H. 

Wvman-Gordon  Co. 
Dryers 

Fuller-Lehlgb   Co. 
Durometers  _  M 

•  Continental  Motors  Corporation 
•Light  Mfg.   &   Foundry  Co. 

Shore  Instrument   *   Mfg.   Co. 
•W»nko«ha    Motor   Co 
Engines.    Motor  Truck'* 

•  Continental    Motors  Corporation 
•Light   Mfg.    &  Foundry  Co. 

•  Waukesha   Motor  Co 
Engine    Mountings,    Fabric 

Belflex    Corporation 
Engines.   Passenger  Car" 
•Continental    Motors  Corporation 
•Light  Mfg.  *  Foundry  Co. 
Engines.    Steam,    \ntomotlve 
Stumpf  Una-Flow  Engine  Co..    Inc. 
Engines.  Tractor** 

•Continental  Motors  Corporation 
•light   Mfg.   &  Foundry  Co. 
•  Waukesha  Motor  Co. 
Equipment,     Po.lverl7.ed     Coal 

Fuller- Lehigh   Co. 
Facings,  Clntch.  E19 
Jnhna-Manvllle.    Inc. 
Thermold  Rubber  Co. 
Fans 

Service    Products    Corporation 
Fnns.    Radiator,    A14a 

•Detroit   Carrter  4  Mfg.   Co. 
Fasteners,  Carpet 

Carr   Fastener  Co. 
Fasteners.    Curtain 

Carr  Fastener  Co. 
Fasteners.   Hood 
Ft-rhurd  Mfg.  Co. 
Feeders 

Fuller-Lebigb   Co. 
Feline-Rands.    Motor- Truest. 
Pneumatic  Tire.  G4 
•Motor    Wheel    Corporation 

r"elt  „. 

American   Felt  Co. 
Fenderllghts 

Stewart-Warner     Speedometer 
po  ration 
Fenders 

v-srlah  Mfg.  Corporation 
Fibre.  Vnlcnnlr.ed 

National   Vulcanized   Fibre  Co. 
Flanges,  Hub 
Crosby  Co. 

Cmtth   Corporation.   A.  O. 
Floors.    Metnl 

n«hlofrom    Metallic    Door    Cs. 
Followers,  Cam 

WPcov    Motor   Parts   4   Mfg.   Co. 
Forcings.  Rrass 

Mueller   Metals  Co 

Scovill    Mfg     Co. 
Korglngs.      Drop      (See     Drop- 

Forgingsl 

Forglngs.    Nickel,    Silver    and 
Ttron*e 

Mneller  Metals  Co. 
Frames.  Rolled   Section 

Mansfield   Steel  Corporation 
Frames.  Pressed   Steel 

Parish   Mfg    Corporation 

Smith  Corporation.  A.  0. 
Fuses,  Electric.  B32 

•Johns-Manville.  Inc. 
Gages.  Gasoline 

Akron-Selle  Co. 

Vsgel   Electric  Co..   W.   G. 

Wlnterhoff    Gauge   Co. 
Cages.  Oil.  BIS 

AkTon-Selle  Co. 
•Nagel   Electric  Co.,  W.   0. 


Cor- 


Gages,  Tire   Pressure 

Sehrader'e  Son,   Inc..  A. 
Gasoline 

Texas    Co. 
Gears,   Bevel 

Link-Belt  Co. 

Tan  Dorn  *  Dutton  Co. 
Gears,    Reduction 

Van   Dorn    &    Dutton    Co. 

Waukesha    Motor   Co. 
Gears,  Spur 

Link-Belt  Co. 

Van    Dorn    &    Dutton   Co. 
Gears,  Transmission 

Canton  Drop  Forging  4  Mfg.  Co. 

Link-Belt  Co. 

Van   Dorn   &    Dutton   Co. 

Wyman-Gordon  Co. 
Genrs.   Worm 

Link-Belt  Co. 

Van    Dorn    &    Dutton    Co. 
Generators.   Battery   Charging 
(Electric  Vehicle) 

Weatlnghouse  Electric  &  Mfg.  Co. 
Generators    (Standard    Mount- 
ings, BIS) 
•Atwater  Kent  Mfg.   Co. 

•Dayton  Engineering  Laboratories  Co. 
•Electric   Auto-Lite  Co. 
•Leece-Nevllle  Co. 

•North  East  Electric  Co. 

•Owen   Dyneto  Corporation 

Westlnghntise   Electric  4   Mfg.   Co. 

Glasses.  Lamp,    BO 

•Smith   Glass  Co.,   L.    E. 
Governors 

Handy  Governor  Corporation 

Graphite 

Dixon  Crucible  Co..  Joe. 
Greases,  Cnp  nnd  Gear 
Dixon  Crucible  Co..  Jos. 
Texas  Co. 
Gnnrds,  Radiator 

Mansfield   Steel   Corporation 
Handles,    Door 

Brlggs    &    Stratton    Co. 
Hnndles.   Machlne-Tool 

Williams  4  Co.,  J.  H. 
Head-lamps   111 

•Corcoran   Lamp   Co.,    Thos.    J. 
Henters,    Passenger-Car    Body 

Perfection  Heater  4  Mfg.  Co. 
Hinges,  Door 

Briggs  4  Stratton  Co. 
Eberhard  Mfg.  Co. 
Hinges,  Windshield 

Eberhard  Mfg.  Co. 
Hitches.  Trailer,  K42 

•Mansfield    Steel  Corporation 
Hoists,  Power  and  Hand 

MansBeld   Steel   Corporation 
Holders,  Tool 

Williams  4  Co..  J.  H. 
Hood   Corners 

Carter   Co..   George   R. 
Hooks,  Towing 

Mansfield   steel   Corporation 
Horns,   Hnnd 

Stewart-Warner      Speedometer      Cor- 
poration 
Horn*.    Molor-rtri ven 
Brlggs  &  Stratton  Co. 
Klaxon  Co. 

North    F.'-t    Electric    Co 

Stewart-Warner      Speedometer      Cor- 
poration 
Hose.  Gasoline 

Thermold   Robber  Co. 
Hose.  Radiator,  CS1 

•Thermold   Rubber  Co. 
Housings,  Axle 
Crosby  Co. 

llixon   Crucible  Co..  Joa. 
Parish   Mfg.   Corporation 
Smith   Corporation,   A.  0. 
Huh".   Wheel 

Salisbury    Axle    Co. 
Smith   Corporation,    A.  0. 
Igni  I  ion -Generators 
North  East  Electric  Co. 
Instruments,    Heat-Indicating 
Stewart-Warner      Speedometer      Cor- 
poration 
Instruments,    Scientific 

Shore  Instrument  4   Mfg.  Co. 
Insolation.    Electric 
Bakelite  Corporation 
Condensite   Co     of    America 
Ceneral    Bakelite  Co. 
Redmonal    Chemical    Products    Co. 
Insulation,    Molded 
Bakelite    Corporation 
Condensite  Co.  of  America 
Ceneral    Bakelite  Co. 
Redmanol    Chemical    Products   Co. 
Irons.    Body 

Columbus    Bolt    Works    Co. 
.lucks.   AVheel 

Arrow  Crip  Mfg    Co..   Inc. 
.Tars.  Storage   Battery.  Run 

•Marko    Storage    Battery    Co. 
Kevs.    Machine 

Moltrup   Steel    Products   Co. 
Kevs.   Sarins 

Williams  &  Co..  J.  H. 


Keys,  Woodrnff 

Moltrup   Steel    Products   Co. 
Standard    Gauge    Steel    Co. 
Whitney  Mfg.   Co. 
Leather 

Carter  Co.,  George  R. 
Lenses   (See   Glasses,   Lamp! 
Lining,  Brake,  Cf»5 
•Johns-Manville,   Inc. 
•Thermoid  Rubber  Co. 
Locks,   Door 

Briggs  &   Stratton  Co. 
Lnhrican  ts 

Dixon  Crucible  Co..   Jos. 
Texas  Co. 
Lubricating  Systems 
Basslck   Mfg.    Co. 
Bowen   Products  Corporation 
Machines,   Balancing 

Olsen   Testing  Machine  Co..   Tlnius 
Machines,     Bolt     Threading 

Universal    Machine   Co. 
Machines.      Power      Transmis- 
sion 
Link-Belt  Co. 
Machines.  Testing 

Olsen  Testing   Machine  Co..   Tlnins 
Magnetos      (Standard      Mount- 
ings,  B14) 
•Scintilla    Magneto  Co.,   Inc. 
•Teagle  Co. 
Material.    Seat 
Carr   Co.,   F.   S. 
Material.   Top    and    Curtain 

Carr  Co..    F.    S. 
Mirrors.  Rear  Vision 

Stewart-Warner      Speedometer      Cor- 
poration 
Moldings,    Cold-Drawn     Steel 

Tlahlstrom    Metallic    Door    Co. 
Molybdenum,  Metallic 

Vanadium   Corporation   of   America 
Motors,  Electric  Vehicle 

Westinghouse  Electric  4   Mfg.   Co 
Motors  (See  Engines) 
Motors,   Starting  (See  starling 

Motors) 
Mountings.  Torqne-Arins,   Fa- 
bric 
Belflex   Corporation 
Nails 

Interstate  Iron  4  Steel  Co. 
Nuts 

Columbus    Bolt   Works  Co. 
Nnts.   Castle,  C2 

•Ferry   Cap  4   Set  Screw  Oo. 
Nnts.   Hexagon,   C2 

•Ferry   Cap  &   Set   Screw  Co. 
Nuts,  Slotted.  CI2  and   C14 

•Ferry  Cap  4   Set   Screw  Co. 
Nnts.  Thumb 

Williams  4  Co..  J.  F. 
Odometers.  Hnb,  F2 
•Johns-Manville.  Inc. 
Stewart-Warner      Speedometer 
po ration 
Oils   (See  Lnbrlcnnts) 
Packing.   Asbestos  and 
Fibrous 
Johna-Manrille,    Inc. 
Paints 

Dixon  Crnclhle  Co..  Jos. 
Panels.   Instrument 

Dahlstrom    Metallic    Door    Co. 
Parts.        Pressed        Steel 

Stampings) 
Pencils.  Drawing 

American  Lead  Pencil  Co. 

Dixon    Crucible   Co..    Joa. 

Pinions.    Starting    Motor, 

•Electric   Anto-Llte    Co. 
Pins.  Cotter.  C7 

•Williams  4  Co..  J.  H. 
Pins.  Piston 

Universal    Machine  Co. 
Wilcox   Motor   Parts   4   Mfg.   0» 
Pins,    Rod-End.    CIO 

•Columbus    Bolt    Works   Co. 
Pipe      Fittings,      Compresslor 
Type 
Mueller    Metals   Co. 
Ohio  Metsl  Products  Co 
Pipe    Fittings.    Flared-Tube 
Type.   C46 
Mueller   Metals   Co. 
Plston-Rlngs,  A6 

•Ceneral    Piston   Ring  Co. 
Piston   Ring  Co. 
Rhus    Mfu     Co. 

Wilcox   Motor  Parts  4  Mfg.  Co. 
Plates.  Flattened,  Ground  and 
Polished 
Moltrup   Steel    Products   Co. 
Powerplants,    Industrial 

Waukesha    Motor   Co. 
Power  Tnke-Offs.  El 

Brown-Llpe  Gear  Co 
Products.    Screw-Machine 
Link-Belt  Co. 
Mueller    Metals   Co. 
Ohio  Metal  Products  Co. 
Rich  Tool  Co. 
Scovill  Mfg.  Co. 
Splcer   Mfg.   Corporation 
Standard   Gauge   Steel   Co. 


Cor- 


(«ee 


BIN 


Propeller- Shafts 

Salisbury   Axle   Co. 
Spicer   Mfg.   Corporation 
Pulverizers,   Coal 

Fuller-Lehigh   C». 
Push-Rods 

Wilcox   Motor   Parts  4   Mfg.   0*. 
Pyroscopes 

Shore  instrument  &  Mfg.  Co. 
Racks,   Machine 

Moltrup    Steel    Products   Co. 
Radiators** 
■GiO  Mfg.  Co. 
•Long  Mfg.  Co. 
•National   Can  Co. 
Rails,  Robe 

Carter  Co.,  George  R. 
Rectifiers.    Ilauei  j     Charglsg 

Westinghouse  Electric  4  llig.  uo. 
Reel 

Stewart- Warner      Speedometer      Cor- 
poration 
Regulators,  Temperature 

Fulton  Co. 
Regulators,  Window 

Dura  Co. 
Relays,  Cut-Out 

North  East  Electric  Co. 
Retuiners.  Bull 

Bearings  Co.  of  America 
Ribbons,   Fender 

Danistroiu    Metallic    Door   Co. 
Itims,    1'neuuiutic   Tire,  Ul 
and   G2 
•Motor  Wheel  Corporation 
Rivets,  Brass  and  Copper 

Scovill  Mfg.  Co. 
Rivets.  Steel 

Culumbua  Bolt   Works  Co. 
Interstate  Iron  4   Steel  Co. 
Rod-Ends,   CM 

•Columbus   Bolt    Work!   Co. 
•Eberhard   Mfg.  Co. 
Rods,    Brass,    DIM,     1)115     and 
D124 
•Columbus    Bolt    Works   Co. 
•Mueller    Metals   Co. 
•Scovill   Mfg.  Co. 
Rods,    Brouze    and    Copper 

Mueller   Metals   Co. 
Rods.  Fibre 

National   Vulcanized  Fibre  Co. 
Roller      Bearings      (See      Bear- 
ings.   Holler) 
Running-Boards 

Parish   Alfg.   Corporation 
smith   Corjioratiun,  A.  O. 
Scleroscopes 

Shore  instrument  4  Mfg.   Co. 
Scieu  s,  tap.  i"  I 

•Ferry  Cap  4  Set  Screw  Co. 
•Scovill   Mfg.  Co. 
Screws,  Thumb 

Willisana  4  Co..  J.   H. 
Searchlights 

Stewart-Warner      Speedometer      Oot- 
poratlon 
Shaft-Ends,  C14 

•  Krown- Hue  Gear  Co. 
Shafting 

Moltrup    Steel    Products  Co. 
Shafts,   Rear   Axle 

Salisbury   Axle   Co. 
Shapes    (Extruded)    Brass, 
Bronze    and    Copper 
Mueller    Metals   Co. 
Sheets,   Brass,   Dill 

•Scovill    Mfg.   Oo. 
Sheets,  Fibre 

National    Vulcanized  Fibre  Co. 
Shims.  Laminated 

laminated   Shim  Co.,   Inc. 
Sills,  Body 

Smith  Corporation,  A.  O. 
Solder,  llliil 

Hovt    Metal    Co. 
Speedometers 

Stewart-Warner      Speedometer      Cor- 
poration 
Spokes,    Wood,    Motor    Truck, 
Fl 
•Motor  Wheel  Corporation 
Spokes,  Wood,  Passenger  Car, 
Fla 
•Motor  Wheel  Corporation 
Spring-Shackles.    Fabric 

Belflex   Corporation 
Springs.  Coiled 

Gibson  Co..  Win.   D. 
Springs,  Flat 

Gibson  Co..  W*i.   D. 
Springs.  Motor  Truck,  H9 
•Perfection  Spring  Co. 

Sheldon  Axle  &  Spring  Co. 
•Standard  Steel  Spring  Co. 
Springs,   Passenger-Car,   H8 
•Perfection  Spring  Co. 

Sheldon  Axle  4  Spring  Co. 
•Standard  Steel  Spring  Co. 
Springs,  Tractor 

Standard  Steel  Spring  Oo. 
Sprockets.     Roller-Chain.    E4 

•Link-Belt    Co. 
•Whitney    Mfg.    CO. 

i  continued  on  page  n>4) 
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The  Si&  ndard  Screw 


^^ 


Actual  Proport/oa/s  of  Flathead  Cap  Screuj 

As  AtAMFACroXEO  BY  THE 

Ferry  Cap  gf^Er  Screw  Co. 
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Ferry  Flat  Head 
Steel  Cap  Screws 

The  same  exacting  care  is  used  in  the  making  of  Ferry  Flat  Head 
Steel  Cap  Screws  that  is  taken  in  the  manufacture  of  all  Ferry 
Process  Screws. 

Their  uniform  performance  both  in  rugged  strength  and  precision 
accuracy  has  been  another  great  factor  in  building  the  reputation 
they  now  enjoy  among  careful  buyers. 

They  are  perfectly  machined  from  top  to  bottom  and  accurately 
slotted  so  a  screw  driver  will  "stay  put"  no  matter  how  great  the 
pressure. 

Reprints  of  this  series  of  advertisements  on  Ferry  Standard  Screws 
will  be  sent  upon  request.  Your  Engineering,  Drafting  and  Purchas- 
ing Departments  should  have  them.    Write  today — 

"//  it's  upset — it  must  be  heat-treated." 

THE  FERRY  CAP  AND  SET  SCREW  CO.,  Cleveland,  Ohio 


PROCESS        SCREWS 
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How   Do   You   Correct    Your   Connecting   Rods? 


Plnte    No.    20.19 

Tat.    Applied  for 


The   Standard 

for    Quality    the 

World    Over 


All  connecting  rods  should  be  corrected  with 
reference  to  their  total  weight  and  location  of 
center  of  gravity,  i.  e.,  each  end  must  weigh  the 
same  and  the  sum  total  of  the  two  ends  the  same. 

The  Olsen-Lundgren  Automatic  Weighing 
Connecting  Rod  Scale  will  at  a  glance  and  in  a 
single  operation,  weigh  such  parts  accurately  and 
so  that  each  and  every  connecting  rod  will  weigh 
the  same. 

Standardize  your  connecting  rods  and  reduce  your  costs 
by  the  Olsen-Lundgren   method 


Olsen-Carwen  Static-Dynamic  Balancing  Machines 

Eliminate  Vibration — Secure  Perfect  Balance  with  Speed  and  Economy 

The  Olsen-Carwen  Machine  is  made  in  many  sizes  and  types  to  balance  any  rotat- 
ing parts  from  the  smallest  to  the  largest  rotor  made.  Now  used  by  all  the  leading 
up-to-date    automobile    and    motor    manufacturers  throughout   the  country. 

SOLE     MANUFACTURERS 

TINIUS    OLSEN    TESTING    MACHINE    COMPANY 


500  North  Twelfth  Street 
Philadelphia,  Pa.,  U.  S.  A. 


Foreign  Representatives — Messrs.  R.  S.  Stokvis  &■  Fits,  Paris,  France; 
Brussels.  Belgium;  Rotterdam  and  Amsterdam,  Holland.  Edw.  G.  Herbert, 
Ltd.,    Manchester,    Eng.      Andrews    &    George    Company,     Tokyo,    Japan. 
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There  is  only  one  best 
in  every  field 

—  and    the   best   always    gives,  better    . 
service  —  better   satisfaction. 

MUELLER 
Brass  and  Copper  Tubing 

is  the  one  best  product  for  those  who  use 
Brass  or  Copper  Tubing — best  by  test. 


JIiIiMiIiIiMiIiIiI I|l|l|l|l|l|lihl|l |l|l|l|l|«i I I  ■  I  ■  I  i  I  ■  I .  I  ■  I  ■  I  ■  1 1 1  ■  1  ■  1 1 1 1 1  ■  1 1 1 1 1 1 1 1 1  ■  I ■' HlHHifjTC 


The  reasons  for  Mueller  leadership 

Accurate  laboratory  control  of  every  heat  —  plus 
three  generations  of  uninterrupted  experience  —  and 
the  firm  determination  to  excel  —  these  are  the  prime 
factors  in  MUELLER  supremacy. 

You  can  quickly  prove  the  exceptional  merits 
of  MUELLER  Brass  Tubing  and  MUELLER  Copper 
Tubing  by  actual  test  in  your  own  factory. 

We  will  gladly  quote  prices  and  deliveries  on  request. 
MUELLER    METALS  CO.,    PORT    HURON,   MICH. 

Sales  Offices:   New  York,  Philadelphia,  Buffalo,  Pittsburgh,  Cleveland,  Dayton, 
Detroit,  Indianapolis,  Chicago,  Minneapolis,  New  Orleans,  San  Francisco. 

Makers  of  "Red  Tip"  Brass  Rod;  Welding  Rod;  Brass  and  Copper  Tubing;  Forgings  and  Castings 
in  Brass  and  Bronze;  also  Brass  Screw  Machined  Products. 

Associated  with  H.  Mueller  Manufacturing  Co.,  Decatur,  III.,  and  H.  Mueller  Mfg.  Co., 
Ltd.,  Surma,   Ont.  Makers  of   Water,  Plumbing  and  Gas  Brass  Goods  and  Tools. 
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Design  your 
lubrication 

When  you  design  an  engine,  you  design  each  part  to 
do  efficiently  the  job  assigned  to  if,  the  same  with 
any  other  element  of  car  construction. 

It's  the  same,  too,  with  lubrication.  Engineers  agree  as 
to  the  importance  of  lubrication;  the  most  vital  single 
factor  in  cost  of  maintaining  and  operating  a  car.  And 
proper  lubrication  is  largely  a  problem  of  design. 

Proper  lubrication  means  more  than  just  oil  film  pro- 
tection for  working  surfaces.  It  includes  effective  cool- 
ing; the  cushioning  and  quieting  ability  of  a  lubricant; 
and  most  important,  the  function  of  effective  piston 
lubrication  with  minimum  carbonization. 

Accurate  lubrication  is  simplified  with  Sunoco  Motor 
Oils;  through  a  choice  of  a  number  of  types;  each 
type  a  pure,  straight-run,  wholly  distilled  lubricant. 
Sunoco  is  good  oil  to  recommend. 

Proper  lubrication  —  its  correct  design,  and  applica- 
tion— has  been  the  business  of  this  company  for 
more  than  twenty  years. 


SUN  OIL  COMPANY,  Philadelphia 

Branches  and  Agents  in  Principal  Cities 


MM! 


THE  DISTILLED   OIL 
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The  H.C.S.  "Front-End"  is  Quiet 


USED  ON   THE 
FOLLOWING: 

CARS 

Haynes 

Paige  6-70 

Suit:  Six 

Auburn  Six-Supreme 

H    C   S    Series   IV.   Model  6 

Willys  Knight 

King  6 

Reamer     - 

Mercer   4 

Brewster-Knight 

Crane-Simplex 

Revere 

Meteor  4 

Richelieu 

Holmes 


Beaver 

Rochester-Duesenberg 
Wisconsin.   Type   Y 
Kermath    Marine    Engine 
Midwest 


Quiet  "front-end"  drives!  That's  the  requirement  demanded  by 
car  buyers  today. 

H.  C.  S.  secured  a  quiet  "front-end"  drive  when  they  adopted 
Link-Belt  Silent  Chain — and  they  got  more  than  quiet  running ! 

Automatic,  Reliable  Chain  Adjustment! 

The  famous  Link-Belt  Automatic  Chain  Tightener  (and  Vibra- 
tion Dampener)  keeps  just  the  right  operating  tension  on  the 
chain  at  all  times  —  hand  takeup  is  not  needed. 

The  Automatic  Chain  Takeup  and  the  Link-Belt  Silent  Chain 
Drive  is  the  winning  combination.    Learn  more  about  it. 

Link-Belt  Company,  Indianapolis 
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